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CASS 

PREFACE 

This book has been compiled to provide a history of the Cass 
area and of the Cass Field Station and a summary of the results of 
some 60 years of scientific endeavour. It is designed to be used 
by undergraduates, graduates and others interested in the 
multiplicity of natural science subjects in the area. 

The Cass Field Station of the University of Canterbury is 
administered by the Department of Botany at the University as a 
base for undergraduate and graduate fieldwork. The station is 
situated at about 43°02 1 S. latitude and 171°45' E. longitude in the 
Cass River basin which, in turn, is in the Waimakariri River basin 
in western Canterbury, Central South Island, New Zealand. It is at 
about 600m a.s.l. and is surrounded by mountains rising to between 
1200-lB00m a.s.l. Access is by State Highway 73 and the Midland 
Railway Line and Cass lies 105 km from Christchurch, 50 km from 
Springfield, 22 km from Arthurs Pass on the main divide of the 
Southern Alps and 105 km from Greymouth, in Westland. Railcars 
travel through Cass in both directions, daily. The Station is near 
the small railway and road settlement of Cass but the nearest stores 
are at Arthurs Pass and Springfield. See the maps (Figs 1.1, 1.2, 
1.3) for details of the locality. 

The kinds of botanical work being done at Cass are taxonomy, 
aspects of evolution, morphology, palaeobotany, and ecology of the 
flora and vegetation around the station. The area provides a very 
wide range of environments - montane grasslands, scrub, riverbed, 
scree, forest, swamp, bog, lake, stream and alpine vegetation are 
readily accessible. 

In Zoology studies of the faunas of lakes and streams, forest 
and mountain slopes are being made. Geology students study various 
aspects of the Quaternary, Tertiary and Mesozoic rocks of the 
Waimakariri basin, and Geography students the geomorphology, 
hydrology and climate of the district. 

Day trips on foot can be made to all the lowland, montane, 
subalpine and alpine habitats near the station and, by vehicle, to 
the subalpine and alpine habitats of the Craigieburn Range or 
Arthurs Pass on the main divide and to lowland and montane mixed 
podocarp-broadleaved forests of Westland. The land on which the 
station stands is part of the University of Canterbury endowment, 
Grasmere, and visitors must obtain permission from the run-holder, 
Mr I. McLeod, to travel on parts of the land other than that 
immediately round the Station. The land in the upper Cass River 
Valley is part of Craigieburn Forest Park, controlled by the 
New Zealand Forest Service, and the land on the north side of the 
Waimakariri River ts part of Arthurs,Pass National Park. No 
collecting may be done there without permission from the Chief 
Ranger of the Park. Collecting in the vicinity of the Station 
should be done frugally to avoid too much disturbance to the biota. 
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No hunting is permitted in the vicinity of the Station and visitors 
should be careful not to disturb field experiments, and to stay 
clear of any areas marked ke·ep out. 

N.B. References listed in the main reference list of theses 
and publications (Section 24, p.405) are not printed in full after 
each of the separate sections 2-23, but are referred to as follows: 

Theses: T (arranged in chronological order) with the 
subsequent categories B {Botany), Z {Zoology), 
L {Geology), G (Geography). 

Publications: M (main list which is in alphabetical order in 
each of the subsequent categories B, z, L, G, M 
{Land Management)). 

N.B. Fig. 1•3 is a large map, separate from the text. 

~~~ Wahlenbergia 
albo-marginata 
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1. HISTORY OF THE CASS FIELD STATION 

E.C. Percival and C.J. Burrows 

Biological research and teaching at the University of 
Canterbury (formerly Canterbury College) and Lincoln College 
have been closely linked with the Cass Field Station (formerly 
Canterbury College Mountain Biological Station) since its 
foundation. Cass has also long been a centre for research and 
teaching in other natural sciences. All who have worked there, 
and come to love the place, owe a great deal to the foresight of 
its founders and to the wisdom of earlier teachers, especially 
Chilton, Foweraker, Percival and Philipson. Teaching and learning 
in the natural sciences has always flourished where field and 
laboratory observations could be closely combined. We are 
fortunate that such rich and interesting flora and fauna have 
been so easily available at Cass. A most important part of the 
work carried out there is the training of students in the use of 
various techniques in field situations. Not least of the 
advantages of extended field excursions are the benefits, to 
students and teachers alike, of the social relations resulting 
from day-to-day work and after work activities and this may be 
one of the most important functions which the Cass field courses 
have performed. 

Great credit must accrue to Leonard Cockayne, one of the 
first ecologists in the world, whose botanical work in the 
Waimakariri basin, in the late 19th and early 20th centuries, 
led him to recognize the value of the area as a natural laboratory. 
He extolled to Charles Chilton and Robert Speight the desirability 
of establishing a field station. They, in turn, persuaded the 
University authorities, and the first buildings were erected in 
1914. The long and fruitful history of the Station is best 
exemplified by the list of theses and publications at the end of 
this volume. Natural history studies in the area began in the 
earliest days of European settlement, however, because Taylor 
White of Mt White and John Enys of Castle Hill were keen observers 
and accomplished field naturalists, and Enys, in particular, had 
contact with most of the eminent resident and visiting biologists 
in New Zealand. 

The Early History 

This account of the early history of the Field Station is 
from the late Professor Percival's notes for The Flora of Cass 
(Philipson & Brownlie 1958). 

"Arising from his survey of the montane grasslands and his 
interest in the other vegetation in the high country of Canterbury, 
Dr. Leonard Cockayne, F.R.S., urged Dr. Charles Chilton, Professor 
of Biology at Canterbury College, to recommend the establishment 
of a high country station from which a continued study of the 
various aspects o_f the flora could proceed. The result of this 
was that Dr. Chilton reported to the Chairman of the Board of 
Governors about a discussion between him, Dr. Cockayne, and 
Mr R. Speight, Lecturer in Charge of Geology, leading to the 
proposal of a site at the Broken River, near the then railway 
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construction camp. At that time, the railway ended at the Broken 
River and passengers went to and fro by coach between there and 
Otira. 

It was proposed to have a hut with one sleeping-room, since 
mixed parties were considered out of the question, week-end visits 
alone being contemplated. The intentions being otherwise very 
modest, it was hoped to establish an alpine garden and to make 
collections in the vicinity. 

In September, 1909, sixteen months after the first formal 
proposal, Chilton urged the building of the hut ready for the next 
summer and was making arrangements for students to be allowed to 
alight at the Broken River. However, by the following February, 
Speight recommended the removal of the site to Cass, towards which 
the railway was now pushing. In December, 1910, the construction 
camp was formally established at Cass, and a new region was open 
to the botanists. Broken River became a memory and the new region 
caught all attention. The Governors immediately agreed to the 
proposed change and asked for details of the proposed building. 

Next month, in March, 1910, a sub-committee of the Board of 
Governors consisting of Mr. Opie, a member of the Board of 
Governors, Professor Chilton, Mr. Speight, and Mr. Mason, 
Registrar, visited the Craigieburn and Grasmere runs to select a 
site. They picked a triangular area with two patches of bush 
(now known as Reservoir and Middle), a rocky knoll, hillside 
slopes, a creek, a swamp, a shingle fan, and flat-land. They 
recommended this area to be reserved for an alpine station with 
a building opposite to the railway station. It was proposed also 
that 10 acres be reserved adjacent to Lake Sarah. 

At the April meeting of the Board, it was resolved to provide 
£200 for a building on the site chosen by the sub-committee, 
Chilton and Speight to prepare and to submit a plan. Next month, 
a plan was submitted. There should be a living room of 
14 ft x 12 ft, bunk-rooms 14 ft x 10 ft {eight bunks), and 
10 ft x 6 ft (2 bunks), and laboratory 14 ft x 10 ft. 
Mr. Collins, the architect, estimated £175 for the building and 
£20 for mattresses, besides the cost of transport. 

By March, 1914, the building was up, through the agency of 
the Public Works Department. Chilton stayed there that month. 
Evidently, the laboratory had fallen by the way, as the building 
consisted only of two bunk-rooms and a living-room. Two fire
places had been proposed and one only was built, in the living
room (Fig. 1 •4). 

In July of 1914, the railway station was transferred from 
Cass to the Bealey Flat, later to Arthur's Pass, and Cass became 
a flag station, which it still is, and the problem of providing 
custody of the keys of the building arose. Until about 1928, the 
keys passed through many hands as railwaymen and their wives came 
and went in the course of their work. Then they went into the 
hands of Mrs. Robertshaw, the postmistress, who held them (till 
her retirement in 1958). From then on, Chilton used to inform the 
Board of Governors of each excursion made to Cass, for whatever 
purpose, and he received a formal commendatory letter in reply. 

With the building of the house, it became necessary to decide 
on the kind of work that should be done, but first of all, on 
July 29, 1914, the. place was formally named "Canterbury College 
Mountain Biological Station, Cass". Rules were drawn up for its 
use, among which was a total prohibition on disturbance of the 
vegetation immediately surrounding the house. 
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Fig. 1•4 The original Cass Mountain Biological Station, 1915. 

Fig. 1•5 

Charles Foweraker. 

Cass railway station 1936. 

Rita Cooke (Robert McDougall 
Art Gallery) Fig. 1.5 redacted due to copyright
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In November, 1914, Chilton reported on the first excursion of 
a party of 6 students for a weekend's field work. He was never 
tired of telling the Governors about the benefits to be gained by 
the students who visited the station, no doubt feeling a secret 
need to justify the expense. On the occasion of this November 
visit, he was impressed by the fire risk, as there had been a 
tussock fire extending close to the house, which fortunately has 
high concrete foundations. At this time, the refreshment room was 
shifted from the Cass Station, a matter which caused consideration 
of means of cooking in the house; a kerosene stove was needed, as 
well as cooking and feeding utensils. These were got. 

By April, 1915, there had been three student excursions and 
the first honours. student to use the place, C.E. Foweraker, later 
Senior Lecturer in Botany and Lecturer in Charge of the School of 
Forestry, was up collecting and observing for his thesis. 

Chilton had written an account of the place for publication 
in the Transactions of the N.Z. Institute, the first of a series 
of "Notes from the Canterbury College Mountain Biological Station, 
Cass" by various authors. He urged the Board to establish a 
botanical reserve, and proposed to set up a station to observe the 
effects of tussock burning. He also started planting native trees 
for shelter, a modification of his intention not to disturb the 
immediately adjacent vegetation. No trace of the planting has been 
found; probably he soon saw that transplanting the local beech · 
was not a simple matter. An approach was made to the Board for a 
reserve to be fenced, but without success. 

In mid 1915, Chilton took two groups of four women students, 
one from Saturday to Tuesday and one from Tuesday to Saturday. 
These were days when two trains ran through each way, three 
times a week, and this made short excursions of these lengths 
most convenient. 

Until the end of the first World War, little happened, 
except that signs appeared that more could be made of the place 
than by week-end teaching. In July, 1917, Mrs. Jennings went up 
to look at the flax (Phormium tena:x:) as she was working on flax as 
a potential trade article. Turning over the records we meet then, 
Dr. F.W. Hilgendorf, of the Canterbury Agricultural College, who 
was there to install a rain gauge and who set up small fenced 
plots on the fan to see what happens by keeping sheep off the 
grass. He also started an insect collection which was finally 
reported on as a "Cass Note" . 

In January, 1918, Chilton urged on the Board Hilgendorf's 
scheme to enclose two blocks of land of 10 acres each, for 
observation on growth free from sheep and fire. That year, also, 
Cockayne, H.H. Allan, and Wright, Cockayne's assistant, on a 
survey of montane grasslands for the Agriculture Department, went 
with Chilton to Cass and Cockayne proposed to establish a garden 
for experimental grass-growing. Enclosure was to cost £100 and 
Chilton applied to the Board for a grant of money ·for the purpose. 
The Board refused a grant and asked if a smaller area would do, to 
which Chilton answered, 'No'. The Board was apparently waiting 
to see what the Agriculture Department would do about Cockayne's 
scheme and was evidently aiming to pass on the spending of money 
while giving its blessing. In the end, the Board deferred the 
fencing project on the ground that, for the present, it was too 
costly. · 

In 1919, a combined excursion of Chilton's botany students 
and Hilgendorf's agricultural students was made to Cass to the 
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benefit of all concerned. Chilton was impressed by the useful 
exchange of information between the two groups. Late that year, 
unseasonable burning destroyed Hilgendorf's plots and Chilton 
complained again to the Board about the careless burning by 
the tenants. The Board promised to do something. The living 
accommodation was by this time becoming a little congested, 
and Chilton asked for an extension. Nothing came of it. 

At New Year, 1920, Dr. R.J. Tillyard, entomologist, visited 
the place while collecting material for the purpose of his theory 
of the Panorpoid Complex of Insects. He described, as a Cass 
Note, a new species of the large, archaic dragon-fly, Uropetala 
chiUoni, which has more recently been merged in the species, 
U. carovei. Again, at this time, Chilton asked the Board to define 
the botanical reserve, but without success, and the matter fell 
into abeyance. 

Two further attempts were made to impress the Board with the 
potentialities of the Cass Station, one by Cockayne, in 1927, in 
a formal letter to Chilton describing the occurrence of 
polymorphic hybrids and their value to evolutionary theory, and 
the other from Dr. J.P. Lotsy, a Dutch geneticist, in 1926, also 
emphasising the importance of hybrid material there and its use 
in evolutionary studies. A letter, also, from Dr. G.E. Du Rietz, 
a Swedish student of lichens, reinforced the view that the Cass 
Station was potentially a valuable tool in botanical research. 
However, Chilton retired without being able to bring about any 
further development of the place. 

Up to the middle of 1927, there had been, according to 
records, 18 student classes at Cass and four visits by 
other scientific groups. A student class would have been rarely 
more than four people besides the leader and an assistant. 

1929 and Onwards 

We have seen that Chilton aimed at using the Cass Cottage 
for small parties and for short periods, and had failed to 
convince the Board of Governors that much more could be made of 
the place. He tried to keep the area enclosed by the fence in 
its primitive condition, while hoping to grow a few active trees 
in it. When I saw the place in early 1929, it was a mere 
habitation with the barest elements for living and with nowhere 
to work. As far as subsistence went, rain-water and stream water 
were obtained for cooking and washing and were adequate for the 
earlier needs .. The Cass district had been viewed through the eyes 
of botanists and had been passed as zoologically unimportant. 
Naturally, what was not looked for was not usually found. 

When I took the Chair, I was asked to report on the Cass 
facilities and recommended the addition of a laboratory and the 
provision of an adequate coal stove, a source of hot water, and a 
bathroom. The Board agreed to these proposals. Water was drawn 
from a pipe which supplied the tank at the railway station and in 
the Spring the place was extended. For years, until 1937, kerosene 
was the source of artificial light, but in that year, the Railway 
Department agreed to supply electricity, which made a great 
difference to the amount of microscopy that was done. 

I began, in 1929, to take the advanced zoologists for a 
period of 10 days ·immediately lectures finished in October.· There 
was plenty of teaching material to be found in stream and lake and 
spring, in the forest floor, tussock grassland, scree slope and 
river-bed. These classes were taken until 1945, when a change was 
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made in the character of the field work. Honours students 
prepared theses on material in the area and spent considerable 
time there. It was customary to take honours zoologists to Cass 
for field work prior to the written examination, to round off 
their elementary experience beyond marine and shore biology. 

From 1937 to 1943, students of Civil Engineering carried out 
field work in surveying for two weeks in the May vacation and 
during that period the first year students of Geography spent the 
Easter vacation on field work. Geographers and Geologists have 
used the place in other vacations but not in such large parties 
as the Easter geographical or the May surveying groups. 

In 1933, botanical excursions were revived and on a larger 
scale, for longer periods than formerly. Collecting was further 
afield than in Chilton's time, he being handicapped by the loss of 
a leg at the hip joint. C.E. Foweraker took parties to Woolshed 
Hill, Mt Horrible, Mt Baldy and the Cass and Rawdon riverbeds. 

Many workers have used the place apart from those from the 
University. Persons and parties from the Department of Agriculture 
and from the North Canterbury Catchment Board have more or less 
often made it their base. Members of the Botany Division, 
D.S.I.R., have used it as a base when looking at their plots in the 
locality. Field parties from the Canterbury Agricultural College 
have used it, and parties from the Christchurch Teachers' Training 
College used it yearly in the 1950s. Altogether, in the period 
since 1933, the Cass facilities have been used to an extent hardly 
imagined by the founders and have played no small part in the 
growth of biological interest in this country. 

Changes in the Area Since 1929 

Shortly after 1945, a diversion of the stream draining 
Grasmere into Lake Sarah was made to supply an electric generator, 
the water being finally led into the stream leaving Lake Sarah. 
(The effects of this are described in section 18. (Ed.).) 

Up to 1929, it was customary to use for fuel fallen branches 
which, no doubt, served for the relatively small amount of heating 
required. From 1929 onwards, over-mature trees were cut, split, 
stacked, and dried in the Reservoir Bush, later carried out and 
transported by wire cable across the gully. The cable was set up 
in 1930 and a second cable installed to make use of Middle Bush, 
in 1957. (This practice stopped about 1965 and wood is now 
brought from other places (Ed.).) 

The removal of large trees opened the canopy, letting in 
light. In the illuminated areas regeneration has taken place, 
especially on the south side of the stream. The north side is 
drier than the south and young growth has not done well there. 
In spite of the presence of deer, regeneration in the Reservoir 
Bush appears as complete as if no deer were present. 

From 1929 onwards, wood ash from the stove has been thrown on 
to the enclosure in front of the cottage. It was soon found that 
Discaria disappeared inside a year and that the tussocks would not 
long survive after a treatment of ash. There was also a profound 
effect on the earthworm population. Exotic grasses appeared which 
are eagerly grazed by sheep, allowed in the enclosure to keep down 
the growth. This green sward was instrumental in preventing a 
fierce grass fire .from reaching the wooden structure. The fire 
was started by a red hot cinder from a train, about a mile north
wards. It burnt the scrub on the rocky knob on Cass Hill near the 
cottage, swept up the hillside, singed the marginal beech of 



19 

· Reservoir Bush, went up between it and Middle Bush and some 
distance up Cass Hill, finally finishing in the shelter of Sugar
loaf to the south. It split just in front of the cottage, the 
parts rejoining round the back. The only serious damage was the 
destruction of the w.c. This fire took place in September, 1947, 
the year that the Catchment Board took over control of burning in 
the Waimakariri drainage area. In 1956, a fire-break was bull
dozed east of the streams from the Waimakariri to Lake Sarah. 

Modifications to the BuiTdings 

About 1935, the wall between the two bunk-rooms was shifted 
to allow a redistribution of bunks, now 4 and 6, instead of 2 and 
8. This eased the accommodation of mixed parties, a problem that 
Chilton had not solved. In 1937, kitchen room was increased by 
the inclusion of an open verandah, resulting in a more spacious 
living-room and including the bedroom door which formerly opened 
on the verandah. 

The original footbridge across the Grasmere Stream was 
converted for use by motor cars in 1934 and the deck replaced in 
1951. 

In 1939, a water-closet was installed, draining into the 
stream, and in 1953 the house waste-pipe was connected with the 
drain. 

After the installation of.the house water-supply and the wet
back stove, the lack of drain cocks led to the bursting of many 
pipes and of the wet-back in the winter of 1930. In the following 
years, a complicated system of drain cocks was set in to drain the 
whole pipe system in case of frost. Along with this, about 1939, 
a frost alarm was installed by a member of the Physics Department. 

Some of the student visitors in the 1930s began to explore 
the peaks and valleys of the surrounding district and added to the 
maps much knowledge of the geography. The Station and surroundings 
were the subject of paintings by Rita Cooke (Angus) and others 
(Frontispiece, Fig. 1•5) ." 

Geological Studies 

In the 1920s and 30s, R. Speight was almost the sole 
contributor, with studies on general geology, moraines and 
faulting. In the late 1950s, M. Gage began his very important 
studies of the glacial geology of the Waimakariri Basin, the 
first such study in New Zealand using modern concepts and methods. 

Botanical and Zoological Research in the 1940s and 50s 

Following the earlier work of L. Cockayne, C.A. Foweraker, 
F.W. Hilgendorf and R.J. Tillyard, research in the area is linked 
with the names of the botanists J.B. Hair (Hebe cytotaxonomy), 
Elizabeth Flint (phytoplankton) , B .C. Arnold (Hymena:nthera, beech 
mycorrhizas) and F.J. Fisher (screes, Ranunculus). Zoological 
research included studies by E.C. Percival (limnology, fish), 
L. Wolfe (Uropetala) and A.G. Macfarlane (Caddises). 

Changes Since.1958 

An era ended ·with the death of Professor Percival in 1959. 
He had contributed very actively to research on the lakes and 
rivers and had worked hard on the upkeep of the Station at a time 
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when teaching and research depended on shoestring budgetso 
Although he could be fearsome, his students held him in very high 
esteem as a scholarly, intelligent, yet down-to-earth and human 
person. It is fitting that his ashes were strewn near the large 
glacial erratic boulder beside Reservoir Bush. A plaque 
commemorating him has been affixed to the boulder. It bears the 
quotation from Thucydides (Pericles' oration on the Athenian dead 
in the Peloponnesian war) "For the whole earth is the sepufohre of famous 
men and their story is not graven only on stone over their native earth~ but 
lives on, far away, without visible symbol, woven into the stuff of other 
men's lives". 

Changing emphasis in the teaching of Zoology made it 
appropriate that charge of the Station should be transferred to 
Professor W.R. Philipson of the Botany Department in 1959. Botany 
received new emphasis and direction from Professor Philipson°s 
activity at Cass. Regular week-long trips with 2nd and 3rd year 
Botany students had been held through the 1950s. Interest in 
various aspects of plant systematics and ecology was stimulated 
by Professor Philipson and this was followed by research in plant 
taxonomy and evolution, ecology and morphology. A considerable 
effort was made to collect and identify the vascular plants, 
mosses, liverworts and lichens prior to and following the 
publication by the Botany Department of The Flora of Cass (Philipson 
& Brownlie 1958). 

Because of increasing student numbers another addition to the 
building, estimated to cost about £2370, but constructed by the 
University Maintenance Department for less than this, was made in 
1959. It is linked to the old building by a passageway. The 
addition included two shower rooms, a coke-burning boiler to heat 
water for these, two new bunkrooms of 140 sq. ft eachu with 
6 bunks each (bringing the total beds up to 22) and a living room 
of 450 sq. ft which doubled as a work-room during field trips. 
Despite the simplicity of the building plan (drawn on a piece of 
off-cut by Mr P. Lummis) the building has been very serviceableo 
The field station began to receive much more regular usage for 
teaching and research and some researchers lived there for 
protracted periods. 

The changes made to the water system resulted in a 
nightmarishly complicated series of operations needed to drain 
or refill the·pipes during the frost season. Inevitably people 
made errors and burst pipes ensued. A second lavatory was added 
at this time and there were several frost-burst porcelain bowls 
before it was realized that stainless steel bowls were needed. 
Concern about the emission of untreated sewage into the Grasmere 
Stream prompted the construction of a septic tank in 1968. 
Mr Colin Hales and, before him, Mr Phil Lummis, both ever~patient, 
have been closely involved with all these recent repairs and 
improvements. A new bridge was also installed in 1968. 

The large increases in undergraduate student numbers from the 
mid 1960s onward made the teaching of second year classes at Cass 
difficult. At t~mes weekend trips were held but these were no 
substitute for the longer trips. Pressure was applied by the 
Botany Department to the University authorities to have a further 
addition made to the buildings at Cass. In 1973 a sum of $75v000 
was obtained from the University Grants Committee but, since 
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inflation overtook it, this was inadequate before plans could be 
drawn up. In 1974 a further $25,000 was obtained. Mr H. Smith, 
the Buildings Registrar, had much to do.with the raising of these 
funds. The contrast with the cost of the first building at Cass 
is astounding. Such are the times! 

The new building, designed by Mr K.H. Mackenzie, is to 
accommodate 40 persons with sleeping, cooking, eating and living 
space. It is similar to the Forestry School field station at 
Harihari. Foundations were laid in 1975 and it is hoped to have 
most of the building completed in 1977. Construction is by the 
University Maintenance Department. The power supply will be from 
a diesel generator and a new water supply, from Middle Bush, is 
being tapped. At the same time the oldest parts of the Station 
are being converted into more convenient and comfortable · 
accommodation for research workers and the 1959 addition into a 
laboratory, office and store for use during undergraduate field 
excursions. 

It is appropriate here to mention the very cooperative 
relationship we have had with the runholders at Grasmere, David 
McLeod and his wife Mary from 1930~1971 and Ian McLeod from 1971 
onward. Much of the research and undergraduate fieldwork done 
at Cass would have been impossible without{ their tolerance and 
friendly help. 

Changes in Research Emphasis Since 1960 

Long established research interests in plant and animal 
systematics and morphology, ecology and population dynamics 
have continued (W.R. Philipson, R.L. Pilgrim, A.G. Macfarlane, 
P.M. Johns, B.A. Fineran, E.G. White, R. Bigelow, F.R. Nurse, 
D.A. Craig, B. Wiseley, V.L. Benzie, D. Lloyd). There has been 
an intensification of work in limnology and stream ecosystem 
structure and dynamics (V. Stout, D. Staples, M. Winterbourn, 
R. McCammon) . 

As new staff members and others have come to the University 
of Canterbury, so has the research emphasis changed. Since 1960 
the main new fields of research have been Quaternary palaeobotany 
(N.T. Moar, C.J. Burrows, W.H. Lintott, B.P. Molloy), wetland 
vegetation (A.T. Dobson), beech forest ecology (C.J. Burrows), 
climatology (J. Rayner, D. Greenland, J. Hay), experimental 
geomorphology and climatology (J.M. Soons, I.F. Owens). A major 
stud}· of flower biology has recently been started by R. Primack. 

Other Institutions 

The main kinds of pure and applied research in the 
Waimakariri basin since 1960 by members of the Staff of Lincoln 
Agricultural College, the North Canterbury Catchment Board and 
the D.S.I.R., which have been based, to some extent, on Cass, 
include studies of the management for stock-grazing of the 
modified native grasslands (K.F. O'Connor, R.D. Dick), the 
microbiology and .fertility of soils' (I.D. Blair, A. Adams, 
J. Robinson) and fundamental soil genesis studies (C. Vucetich 
and others). 
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2. HISTORY OF THE CASS DISTRICT 

D. McLeod and C.J. Burrows 

Polynesian and Early European Occupation 

Little is known of contacts with the Cass district by 
Polynesian people. The charcoals which record forest fires near 
Cass 400-800 years ago (Section 8) and drawings and charred moa 
bone beneath overhanging limestone xocks in the Castle Hill basin, 
probably of similar date (Mrs B. McCulloch; pers. comm.), appear to 
indicate early activity oi Polynesian hunters. The reasons for 
forest clearance are obscure. Perhaps it was an aid to hunting 
and/or it may have been necessary to provide access through the 
large tradts of wooded country. An umu (oven), near the old Bealey 
Hotel site was noted by Skinner (1909), signs of greenstone working 
have been found at Castle Hill (Acland 1951), and early European 
travellers in the mountains, Leonard Harper and Arthur Dobson, were 
told by their Maori guides of the occasional use of the Otira Gorge 
route from Canterbury to Westland. The lakes in the Cass area, 
with their abundance of eels and bird-life, would have been 
attractive to the Polynesian people. 

European settlement of the Waimakariri basin was preceded by a 
period of lack of interest in the mountain country. The Canterbury 
settlers, from 1850 onward, were busy carving out extensive grazing 
runs in the easily-accessible tussock grasslands of the plains, and 
stocking them with sheep. By 1855, however, almost every acre of 
the lower country had been taken up, forcing late-comers to search 
out open country in the more remote valleys. The upper Waimakariri 
Valley, guarded by a difficult gorge and the relatively high 
Porters Pass, was not investigated for potential grazing land until 
1857. The first European known to have seen the upper Waimakariri 
basin was Charles Torlesse, a young surveyor for the Canterbury 
Provincial Government. He climbed Rubicon Peak of the Torlesse 
Range with a Maori guide in January 1849 and described "a romantic 
and chaotic mass of mountains to the westward - the main ridge of the 
island, capped with everlasting snows" (Torlesse 1849). Torlesse's 
observations from here and, later, from the Puketeraki Range, must 
have been useful to subsequent explorers. 

In October 1857 Joseph Pearson and w. Sidebottom rode up the 
Waimakariri and thoroughly explored the area around Cass (Acland 
1951). Little documentary evidence of this visit has survived, and 
it is not certain whether they travelled on the terraces above the 
gorge, 0r over Porters Pass. Their failure to apply for or map the 
Castle Ifill basin suggests that the former route is the most likely. 

Pearson had been commissioned by a group of experienced sheep 
graziers, emigrants from Australia, to find sheep country and, on 
his recommendation, they applied for runs in the area as shown in 
Fig. 2 ,• 1 . The explorers burnt the vegetation as they went and 
signs of the great conflagration were visible in Christchurch 
(Lyttelton Times, 21 Oct. 1857). It is unlikely that much forest 
was burnt at this time but much scrub and grassland vegetation was 
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Fig. 2•1 Sketch map for the applications for sheep runs in the 
Upper Waimakariri, 1857. 

Joseph Pearson or drawn from 
his original by W.G. Brittan 

(Facsimile, Canterbury Museum) 



Fig. 2•2 
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Sketch map of the Upper Waimakariri and Ashley districts, 
from a compass survey, 1858. 

Charles Torlesse (Department of Lands & Survey, 
Christchurch) 
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affected. Some of the early place-names remain, others have been 
replaced. J.C. Aitken seems to have had little involvement with 
the Waimakariri runs, although his name appears on the map. 

The next explorers to enter the area, apparently before the 
runs were occupied, for they make no mention of them, were 
C. Torlesse and F. Revell, who rode over Porters Pass in February 
1858. They were to make a survey of the area for the Provincial 
Government. They travelled to Lake Lyndon, then through the Castle 
Hill Basin to "Iona Pass'' (Craigieburn Cutting), Lake Pearson and 
returned east, presumably down Winding Creek. They crossed the 
Waimakariri near the present Craigieburn Station, to the foot of 
Mt. Binser, then continued to the head of the Waimakariri. A week 
later they went to the head of the Poulter (Torlesse 1858). 
Torlesse's map (Fig. 2•2) adds more names to the district, most of 
which survive to the present (Peveril Peak, Brown Hill, Purple Hill, 
Marymere, Flock Hill, Broken River). 

Joseph Rawdon took up Grasmere, Riversdale and Craigieburn as 
sheep runs and Joseph Pearson managed the latter for a time. 
Rawdon had emigrated to Australia from Britain and farmed there in 
the 1830's, but disastrous droughts in Victoria in the 1840's 
caused him and other Australian squatters to look for a more 
equable climate. He and J.C. Aitken brought a shipment of cattle 
to Canterbury in 1851 and Pearson brought some of their sheep the 
same year. Pearson took up the Burnt Hill run and Aitken the View 
Hill run, near the Waimakariri Gorge bridge, in 1851. A large 
number of Australian emigrants followed them to Canterbury. 

By the end of 1858, homesteads had been set up at Grasmere 
(on the present site) and Craigieburn (now the Flock Hill homestead 
site) and the runs were being stocked. The more attractive sections 
of land were freeholded but most of the land being grazed was 
leased from the Canterbury Provincial Government. 

The early homesteads, built of cob (paddled clay and chopped 
tussock plastered between upright manuka or beech lathes), covered 
with wooden slabs, had wooden chimneys and were thatched with snow
grass laid on thin manuka or beech lathes (Fig. 2•3). The 6riginal 
hut at Grasmere, built in 1858, is still contained within an 
enlarged house, faced with limestone, built in 1872 (Fig. 2•4). 
The round mountain beech rafters and some of the snowgrass thatch 
still remain (McLeod 1974). Mountain beech timber is sound only if 
protected from the weather, so it is useless for posts or on the 
outside of buildings. The original slabs soon had to be replaced 
by better timber, corrugated iron or stone. 

Even in the first years there must also have been a rough 
enclosure of post and rail and a shepherd's hut at e~ch station. 
The homestead sites were chosen for wood, water and shelter from 
the nor'west wind. Otherwise they were not necessarily good sites, 
often being cold in winter. 

In the early days, living conditions at the high country 
stations were primitive. Food was monotonous, consisting of mutton 
and occasional beef, salt, camp oven bread, tea and sugar, 
augmented by a few delicacies brought from Christchurch or Britain, 
and game such as ducks and wild pig. Soon attempts were made to 
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improve the immediate surroundings of the homesteads. Trees were 
planted for shelter, and larger, better living quarters were built, 
as were essential buildings such as woolsheds. Vegetable gardens 
and fruit trees were established, and also a well-fenced horse 
paddock and ram paddock. Some cultivation for feed for horses and 
the more valuable stock was also started. 

In 1859 Taylor White was establishing Mt White Station for his 
brother Thomas White, and John and William Minchin had a house (now 
vanished but marked by poplar trees) near Petes Creek in the lower 
Poulter. 

In 1860 F.B. and T.B. Goldney took up the Cora Lynn run, 
siting their homestead on the west side of the Cass Creek near the 
foot of Pylon Gully. After 1865 they shifted their base to the 
site between Broad and Bruce Streams near where the Cora Lynn 
homestead stands. There were probably two houses before the 
present one. A patch of gorse marks their enclosure near the Cass 
and signs of a horse track can still be discerned making a straight 
line from the Ribbonwood fan to the place where they crossed the 
creek. E.R. Chudleigh (Richards 1950), visiting the Goldneys with 
J. Enys in July 1865 to get "hay-seed", describes the picturesque 
bush scenery which they rode through. Between 1865 and 1870 much 
of the forest beneath Betwixt and Mt Misery was burnt. Samuel 
Butler visited the area in 1860, looking for sheep country, and 
Arthur_ Dobson and his younger brother Edward called at Goldneys 1 in 
March 1864 before and after exploring the Bealey-Otira crossing 
over Arthurs Pass. One of the Goldneys went back to explore the 
Otira Gorge with them (Dobson 1930). 

Ri versdale has never had a homestead proper, al though a. house, 
yard, and, probably, a woolshed were sited near the base of 
Woolshed Hill at a place marked now only by poplar trees. This was 
an outstation for Mt White. About 1925 buildings were sited on the 
flat under a terrace between the Hawdon and Andrews Rivers, where 
there is still a hut. 

The Cass district (always known in the early days as "The 
Cass"), took its name from Thomas Cass, the Canterbury Chief 
Surveyor and the Bealey River from Samuel Bealey, the third 
Superintendent of the Canterbury Province. 

Appendix 1 gives a brief history of ownership of each of the 
runs in the upper Waimakariri Basin, and Fig. 2•5 shows the 
effective run boundaries about 1870. Fig. 2•6 shows the present 
boundaries. 

The Road 

At first a rough trail over Porters Pass served· the area as 
its only access to the lower country, so that supply in these early 
days was by pack-horse. The route to Cora Lynn lay over Goldneys 
Saddle or down the Cass Creek, then across the Waimakariri and back 
to the Bruce Stream. The only approaches to Riversdale and 
Mt White also lay across the fords in the river. 

Early in 1865; as a result of pressure on the Provincial 
Government to develop a land route to the West Coast goldfields, 
a thorough search was made of the passes at the head of the 
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Fig. 2• 3 Grasmere homestead about 1870. 

(Alexander Turnbull Library) 

Fig. 2•4 Grasmere homestead and Mount Misery, 1872. 

A.C. Barker (Grasmere Album) 
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Waimakariri, Mingha, Hawdon and Poulter Rivers, chiefly by the 
Provincial Engineer, Edward Dobson senior, and his son George. 
This proved that there was no better pass than the one now called 
Arthur's, so the decision was made to begin the cutting of a road 
line over it. The contractors had earlier begun widening the track 
to road width near Porters Pass and in March J.E. Fitzgerald and 
others took a coach to Cass, presumably going down the Cass 
riverbed before crossing the Waimakariri en route to the Crow River. 
Road widening was continued so that, by the end of 1865, a dray 
road had been established as far as the Bealey River, including the 
difficult section, Paddies Bend, on the west side of Mt. Horrible. 
In 1866 the road was completed as far as Hokitika. A thousand men 
armed with picks, shovels, crowbars and wheelbarrows, rock drills 
and explosives were employed, working in great difficulty in the 
bitter winter of 1865. A tent camp existed for a time at" Cass. 
The overland telegraph was built in 1865 and a Cobb and Co coach 
service started that year, carrying passengers and mail. The 
ephemeral Bealey Settlement at Klondyke Corner and the more 
permanent Bealey Accommodation House, with its ferry and ford 
service, and police post and telegraph office, sprang up in 1865. 
Sawyers were busy cutting (?red) beech at Sawmill Stream (Burrows 
1974). 

Farming Expansion 

Minor exploration was done by the runholders and their men so 
•that all the accessible open flats in the valleys and all the open 
snowgrass tops became known to them and were used for the grazing 
of sheep. Tracks were cut through the bush to Hallelujah Flat in 
the Andrews Valley, to Woolshed Hill, Mt Bruce and up the Bealey 
Spur. The names of Walker Pass and Worsley Pass commemorate 
abortive attempts to find new grazing. 

Would-be diggers, heading for the West Coast, had little 
lasting impact on the Cass district, although some excavations at 
the west end of Remus Hill, apparently, were dug by some of them. 
They too will have thoroughly explored all the valleys as they 
vainly prospected the area. A far greater impact was made by the 
droving of stock over Arthurs Pass to feed the hungry gold-miners. 
Some 4,000 sheep and 25,000 cattle were driven across in 1866 
(Burrows 1974). T.W. Bruce and J. McFarlane, the runholders there 
from 1867, used Cora Lynn as a holding area for stock bound for the 
West Coast. They had another such area at Inchbonnie near Lake 
Brunner (Acland 1951). 

Locally there were other activities. The run-holders (or 
lessees of farms) at Castle Hall, Craigieburn, Cora Lynn, Grasmere 
and Riversdale began to cultivate ground to grow oats, most of 
which they sold to the coach line to feed the numerous horses. 
One Tree Swamp and swampy areas near the Riversdale buildings were 
drained, reputedly to allow dairy cows to be grazed there. Oats 
were still being grown at Riversdale in 1926. 

The wool from the stations was brought down to Christchurch in 
drays or wagons, .hauled by bullocks, in the early days, and, until 
the Mt White bridge across the Waimakariri was built about 1870, 
the Mt White wagons crossed the Waimakariri below the Binser fan 
and climbed up the steep grade beside Og Hill. The old wagon trail 
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RUN BOUNDARIES 
ABOUT 1870 

( includes areas of effective 
grazing not leased and some 
extensive forested areas no.t 
grazed) 

O 2 ·4 6 kilometres 
f I I 

Fig. 2.5 Run boundaries in the Upper Waimakariri about 1870. 
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RUN BOUNDARIES 
1976 

(includes some areas 
of forest and rugged 
high country not grazed) 

Q STATE FOREST 

UCL UNOCCUPIED CROWN 
LAND 

RG RETIRED FROM 
GRAZING 

0 2 4 6 kilometres 

Run boundaries in the Upper Waimakariri in 1976. 
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is still clearly marked. By 1900 traction engines had replaced 
draft horses or bullocks as a means of hauling the wagons. 

Coaching and the Railway 

When the twice-weekly coach service from Christchurch to 
Hokitika began, the 170 mile trip took 36 hours, with an overnight 
stop either at Bealey or Taipo. Four or five~horse teams drew the 
coaches and there were changing places about every 15 miles. In 
the Upper Waimakariri area the stations were at the foot of Porters 
Pass, Spring Creek, Thomas River, Craigieburn, Cass, Bealey and 
Arthurs Pass. The first proprietor of the coach line was L.G. Cole, 
but it was taken over by H. Cassidy in 1874. There was a hotel and 
Cassidy's stables, on the flat near the Cass bridge. Nothing but 
the foundations still remain. Occasional milestones can still be 
seen, one on the Ribbonwood Fan. There was also a Road Board 
office nearby and later it contained the Upper Waimakariri Book 
Library. A police post stood at the bend in the road between Flock 
Hill and Lake Pearson, where foundations can still be seen. An 
annual race meeting was held on the Cass flats to the south of the 
main road and a dance in the Road Board office concluded the day's 
activities. 

The construction of sections of the Midland Railway resulted 
in progressive shortening of the coach route. A railway line had 
been completed from Christchurch to Springfield in 1880. Progress 
from then was slow because of the physical and financial 
difficulties met by the company which undertook its construction. 
By 1895 the work was taken over by the Government. The section 
from Otarama to Broken River was completed by 1906 and the line 
reached Cass in 1910 and Arthurs Pass in 1915. The West Coast 
section had reached Otira in 1900, but the Otira tunnel was not 
completed for the passage of trains till 1923 (Burrows 1974). 

In 1906, when the coach terminus was shifted from Springfield 
to Broken River, the road down Slovens Creek Valley to Avoca was 
constructed. A coal mine was worked in the lower Broken River till 
about 1925. Other changes ensued, including the shifting of 
Craigieburn homestead to its present site to take advantage of the 
rail cartage for wool and stock and, in 1914, the construction of 
the first buildings of the Canterbury College Mountain Biological 
Station. Cass township was now in its heyday, because, for a time 
it was the coach terminus, and there were, on Goldneys Saddle, 
three stores, a butchers shop, drapers, blacksmith shop, police 
station and school, to cater for the needs of the 800-odd men (and 
their families), who were engaged in constructing the railway line 
to Arthurs Pass. A dining room existed at Cass from 1911-1914. 
Huts extended from the Cass station yard right over Goldney's 
Saddle, where one of the old township reserves straddled the road 
to Mt White. A few foundation stones are still visible there. 

The red beech at Woolshed Hill had interested J.D. Enys, who 
went there with T. Kirk in the 1870s (Richards 1951). In the 
period from 1910-1922 red beech logs were cut and hauled for 
fencing at Craigieburn and Grasmere. 
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Fig. 2•7 Craigieburn Cutting, looking west, 1868. 

D.L. Mundy (Canterbury Museum) 

Fig. 2•8 Cora Lynn and the Academia Range, about 1890. 

J. Kinsey (Grasmere Album) 



34 

Other Developments 

The Bealey Glacier Hotel had been an outpost in the area since 
its inception as.an accommodation house in 1865. J. O'Malley, the 
proprietor from 1882 to 1901, was a resourceful man who built the 
hotel business up and began a tourist venture, guiding visitors to 
the glaciers at the head of the Waimakariri Valley. In 1901 the 
hotel had 34 rooms including 25 bedrooms. Several generations of 
hotels on the site were destroyed by fire, the last in 1963. The 
licence was finally given up in 1967. 

Other important events were the release of red deer in the 
Poulter Valley in 1907, establishment of Arthurs Pass National Park 
in 1929 and the Craigieburn Forest Park in 1967. Subsequently this 
Park has been enlarged to take in the State Forest Land at the head 
of the Cass River, about Lagoon Saddle above the Bruce Stream and 
in the adjacent Harper Catchment. Since 1954 the area near the 
Mt. Cheeseman, Broken River and Craigieburn Valley ski fields has 
been the site of considerable research on the problems of mountain 
lands. 

N.B. Some of the detailed information for this section was given 
to D. McLeod by Hugh Nimmo and Donald Manson. 
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APPENDIX! BRIEF HISTORY OF THE UPPER WAIMAKARIRI RUNS 

As with most high country runs there has been a tangled web of ownership, complicated by 
changes in structure of runs made up of several leases, changes in terms of leases and failures 
in hard times, when ownership was taken over by stock and station firms who held mortgages. 
In some instances absentee ownership has led to the managers having a better claim to 
recognition than the owners. The account below lists the numbers of the leases, the original 
areas of leasehold and freehold, and the first and subsequent owners. Unless otherwise noted 
the original leases were Class III. The information is derived largely from L.G.D. Acland (1951), 
the Early Canterbury Runs (3rd edn) and 1975 (4th edn) and otherwise from local knowledge. 

Grasmere (No. 216). 14,000 acres, (5,664 ha) of Crown (now University of Canterbury) lease, 
850 acres (344 ha) freehold; 

Joseph Hawdon, Oct. 26, 1857. Not stocked till 1858. Managed by his son Arthur Hawdon 
till he took over ownership on his father's death in 1871. Forest below Mt Misery on east side 
burnt before this. Dalgety & Co. took over in 1876. J.S. Sim bought from them 1898. 
1903 bought by S.E. Rutherford. He burnt more forest. Leasehold sold in 1917 to J. Studholme 
and W.K. McAlpine (Rutherford reta.ined freehold). In 1922, W. Taylor and W.H. Faulkner bought 
the leasehold and in 1927 the freehold. Bought by David McLeod and C.L. brbell in 1930. 
Ian McLeod (son) in partnership with D. McLeod from 1965. 

Cora Lynn (No. 333). 20,000 acres (8,092 ha) of Crown lease (including 4,125 acres (1,668 ha) 
now Arthurs Pass National Park lease), 500 acres (202 ha) freehold. About another 20,00d 
acres of Crown lease was added, on the tops from Mt Bruce to Anticrow, but this has now 
been retired from grazing. 

F.B. & T.B. Goldney 1860. Bought by T.W. Bruce and J.M. McFarlane in 1867. Bruce sole 
owner about 1870. Used as a staging area for droving cattle to West Coast goldfields. 
N.Z. Loan & Mercantile Co. took over about 1890. Extensive fires burnt forest in 1880s, 1895 
and possibly about 1905. 1902 bought by F.J. Savill. When lease expired, 1903, bought by 
R. McKay and sold to S.E. Rutherford 1907. More forest burnt near Anticrow. Since 1907, worked 
with Grasmere. 1922 bought by Taylor & Faulkner and in 1930 by McLeod & Orbell. 

Riversdale (No. 216A, 218. Became 175 in 1899). 15,000 acres (6,069 ha) of Crown lease. 

In name of J.C. Aitken, Oct. 26, 1857, but actually by Joseph Hawdon. Never wor~ed on its 
own, although it has been an out-station for Craigieburn, till 1881, then Cora Lynn and, from 
1902, Mt White (with buildings permanently occupied till about 1937). 1867 bought by 
M.S. & R.H. Campbell. N.Z. Loan & Mercantile Co. took over in 18,74. Sold to T.W. Bruce 1881, 
but again taken over by L. & M. about 1890, till 1902 when (with Mt White and Lochinvar), sold 
to F.J. Savill. 1910 bought by J. Studholme & W.K. McAlpine. Bought by A.R., D.C. and R.T. 
Turnbull 1924 and run by several managers since then. 

Craigieburn (including the present Flock Hill) (Nos. 200, 217, 248). 42,000 acres (16,993 ha) 
Crown (now University of Canterbury) lease. 

In the name of J. Pearson (200), J.C. Aitken (217) and J. Hawdon, Oct. 26, 1857, but 
actually by J. Hawdon. The original Craigieburn homestead was at the present Flock,Hill 
homestead site and Joseph Pearson was manager-there for some years. Sold, with Riversdale, 
to M.S. and R.H. Campbell 1867. The latter and R.D. Campbell later took over. Sold to 
T.W. Bruce 1874. N.Z. Loan & Mercantile Co. took over ,1881. In 1883 sold to Jones and 
A. Stronach. E. James took Stronach's share in the 1890s and Jones' share in 1904. Sold to 
F.J. Savill 1906 and headquarters shifted to present site on the Midland railway line. In 1917 
the leases to the two original blocks (Craigieburn and Flock Hill) and the adjacent Avoca block 
were sold separately. The present Craigieburn homestead block (15,200 acres) ( 6, '150 ha) was 
bought by J. studholme and W.K. McAlpine. McAlpine bought the other share in 1927. His son, 
J.K. McAlpine, then took over the place, but had a manager from the 1950s. His son-in-law, 
F. Westenra, has run it since 1960. 

In 1917, J. Milliken bought the Flock Hill and Avoca blocks of 39,940 acres (16,160 ha), 
renamed the run Flock Hill and lived at the present Flock Hill homestead. G.C. Urquhart bought 
it in 1947. His sons and wife, Doreen, have managed it for his estate since 1974. 

Avoca (Nos. 215, 241, Class II 163). 13,200 acres (5,341 ha) Crown (now University of 
---Canterbury) lease. 

The history is confused because the original run, north of the Broken River and between it 
and the Waimakariri River and Craigieburn run, and to which the account below refers, was, in 19 
1917, incorporated into the new Flock Hill run. The present small Avoca run (241) south of the 
Broken River was, from 1873 until 1904, part of Mt Torlesse station. 

Taken by C.J. Harper in Oct. 1857 and Feb. 1858. R. Foster and L. Moore bought it in 1864 
and J.K. Karslake and T.H. Anson of Mt Torlesse bought it in 1873. From about 1882, when the 
N.Z. Loan & Mercantile Co. took over both Mt Torlesse and Craigieburn, it was run with the 
latter place. In 1907, H.G. Heath started it again as a separate station. He sold it in 1913 
to J. Carmichael until it was finally sold to J. Milliken in 1917 and became part of Flock Hill. 

The small block now known as Avoca was part of Mt Torlesse until 1904. Several owners held 
it until T & E. Clarke bought it in 1924. They sold to J. Kidd about 1926 and he sold to 
P.A. Lundy in 1948. 
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Castle Hill (Nos 205, 205A, 294, 399 and Class II 153). 35,000 acres (14,161 ha) Crown lease. 

A. and J.C. Porter (and a third brother) took it up in June 1858 and March 1861. Their 
homestead was at Spring creek. In 1864 they sold to J.o. and c. Enys and E. Curry, who built 
a homestead at the Thomas River. The present homestead site was the base for a farm (leased by 
G. O'Malley, and, from 1888, by J. Milliken) growing oats for the coaching and cartage horses. 
A coaching hotel (Cloudesley's) was on the terrace north of the Thomas River. The place was 
leased by the Enys estate to A.G. Stronach in 1890, H. van Haast in 1897, and L. Mathias in 1898. 
J. McKenzie bought it in 1901, Milliken brothers in 1908, and W,B, Clarkson and Co. in 1920 
(Millikens had lost many sheep in a snowstorm in 1918). G. Frizzell and R.A. Blackley bought it 
in 1950, and D. Ager later took over the latter's share, It has recently changed hands twice 
more. 

Mount White (Nos 219, 271, 303, 304. Became Run 176 in 1889). 30,000 acres (12,138 ha) 
Crown lease, 

In 1857, J.C. Aitken (303, 304, part 218) and in the name of T.W. White (219,271), but the 
latter apparently did not stock his part and it was actually taken up by E.C. Minchin. In 1857 
and 1858, Edward C. Minchin bought out Aitken, and his sons William and John managed the place. 
Their homestead was at Petes Creek, up the Poulter River. The rest of the run was bought by 
Thomas W. White in 1860 and managed by his brothers, Taylor and John White. Their homestead was 
at the present site at Lake Letitia. E.C. Minchin took the place back in the late 1860s, and 
sold, in 1870, to J.M. Cochran and E. Gray. Gray sold his share to Cochran in 1875. 
The N.Z. Loan & Mercantile Co. took over in 1885 and, in .1902, sold the place to F.J. savill. 
J. Studholme and W.K. McAlpine bought it in 1910 and sold to A.R., o.c. and R.T. Turnbull in 
1924. The Turnbull family still own the place. 

Lochinvar (Nos 283, 284, 309, 310. In 1899 became Run 177). 64,500 acres (26,097 ha) Crown 
-· lease. 

w. Thomson and C.E. Fooks took it in 1858, 1859. J. Pearson took 10,000 acres in 1859 but 
apparently did not stock it. About 1861, one Bewley bought it and sold the same year to 
W.S. Moorhouse and R.M. Morton. In 1863, C. Wilson took Moorhouse's share and, in 1866, the 
place was sold to E. Mallet, who sold to James Cochran soon after.· About 1867, J.W. Cook took 
up a run near Bull Creek and tried to establish a dairy farm, but abandoned it very soon. 
Thereafter it has been run with Mt White, except from 1917 to 1924. In the 1880s the N.Z. Loan 
& Mercantile Co. took over and sold to F.J. Savill in 1902. Studholme and McAlpine bought the 
place in 1910, but lost the lease to J, O'Malley in 1917. A.R. Turnbull bought it in 1920. 

----- --------
Cass hotel, about 1875 
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3. THE FARMING ENDEAVOUR 

D. McLeod and I.A. McLeod 

A bare account of the history of the Cass area does not do 
justice to the development of the land management system which has 
evolved there (and, more generally, throughout the South Island 
high country). This development took place over a period of about 
120 years. There is general information about the earlier phases 
in it and reasonably good detailed documentation of the later 
phases, specific to the Cass area. The development of land 
management depended originally on concepts derived from the ancient 
farming traditions of England, Wales and Scotland, and very 
strongly on the experience gained more recently (in the early 
19th Century) in Australia. Very soon, however, a distinctive 
New Zealand flavour was added to the mixture and there have been 
further modifications based on practices invented here or adopted 
from North American or other traditions. The evolution process, 
was continuous, but it is convenient to divide it up into a short 
Settlement phase (1858 to about 1870) a long Traditional Extensive 
Grazing phase (1870 to about 1950) and a relatively recent 
Intensified Land Use phase (1950 to the present). 

To:: Gnderstand the pattern of high country pastoral farming in 
Canterbury it is necessary to know something of the kinds of people 
who participated in the farming endeavour, the original land tenure 
system and subsequent modifications to it, the kind of stock and 
its management, the land and its mountains, rivers and vegetation 
and the/:vagaries of climate and economics which have influenced the 
high country farming industry. These may only be briefly 
described here, but fuller accounts are available in such books 
as Acland (1951), Burdon (1938), Crawford (1949), McLeod (1974) 
and Hayward (1967). 

The Settlement Period 1858-1870 

Little direct information is available for the Cass area and 
some of it has been described in section 2. After searching for 
and finding suitable grazing land, the earliest settlers filed 
claims with the Commissioner of Lands in Christchurch. Each run, 
of 10,000 acres or more, was individually numbered. The 
regulations for land sales and leasing had been adopted by the 
Canterbhry Provincial Government in 1856. Rural lands could be 
freehol.ded at £ 2 an acre. Rentals for Class II leasehold runs 
(1000-56db acres) were 2d an acre for the first 1000 acres and 1d 
for every additional acre. Class III leaseholds, which formed the 
vast proportion of the runs (>5000 acres) were leased at ¼d per 
acre for the first and second years, ½d for the 3rd and 4th years 
.and ¾d for 5th and subsequent years. Within 9 months the run must 
be stocked with one sheep to each 20 acres or one head of cattle 
to every 120 acres. The stocking rates must also be maintained 
for four years and subsequently at three times t_hat amount. 
Licence holders were given pre-emptive rights over the land 
adjoining their homestead up to 5% of Class II runs and 250 acres 
for Class III runs. This applied also to all lands occupied by 
buildings, plantations, cultivations or other improvements, 
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inclusive of 50 acres adjoining them and of a value of at least 
£50 per locality (Acland 1951, Crawford 1949). In the earliest 
days numbers of the licences were sold before the runs were 
properly established. The settlers bought the freehold of the 
land round their homesteads and other strategic places on their 
runs. 

Purchases of licences in the Waimakariri basin were made 
mainly by Australian squatters who brought their capital, augment
ed considerably by sales of sheep to the stock-hungry Canterbury 
settlers. Because of drought in Victoria, Hawdon and Aitken 
bought sheep for as little as 6d a head, shipped them across the 
Tasman in 1851, and sold the ewes in Lyttelton at 16/- to 20/
each. Other settlers such as the Enys and Goldney brothers and 
Minchin brought capital from England. To establish a sheep 
station at least£2000-£3000 was needed (to purchase 1000 ewes 
at up to 30/- each, and 25 rams at £5 each, horses, dray, bullock 
team, stores and tools and to pay other expenses such as wages). 
In its third year a station would start to pay from the sale of 
wool and surplus sheep. 

The settlers established their first buildings - no better 
than huts (as described in section 2 and by Samuel Butler (1863)). 
A rough enclosure of post and rails was usually erected near it 
to hold stock, bullocks and horses temporarily. Otherwise there 
were no fences and, if no natural boundaries existed (heavy 
forest, a swift river, a mountain range) continuous boundary
keeping was necessary to drive wandering stock back. One of the 
most familiar plaints in early descriptions of the Canterbury 
settlement is of the constant job of chasing escaped stock and 
horses and untangling them from the neighbour's herds. The Upper 
Waimakariri was remote enough so that this will have been only a 
local problem. Wire became available in the early 1860's so then 
the boundaries could be fenced if necessary. In fact only 
Craigieburn and Flock Hill have fenced boundaries to this day. 

The main object of the farming was wool production. It had 
been found that, not only was the South Island less drought-prone 
than Australia, but that merino sheep produced more wool here 
(about 3-4lbs per head as against 2½lbs). Merino sheep are a 
hardy breed, wide-ranging and able to survive on rough grazing. 
Their fine wool was in strong demand. The stock and methods of 
handling it were derived largely from Australia, where sheep
farming had been in practice since the late 18th century. Hawdon 
and his compatriots imported their sheep directly from Australia. 
Other settlers had to buy their stock locally. The first years 
were employed in breeding-up enough young sheep to fulfil the 
stocking regulations. 

The other main contribution to stock-handling methods was 
from the Scottish shepherding tradition which relied on skill and 
patience on the part of the men and the use of dogs bred for the 
purpose. Many Scots emigrated to New Zealand and, used to 
loneliness and frugal living, took to the high country life. 

Women were few at first, but gradually they too infiltrated 
the high country, despite the remote and lonely life. In the 
Upper Waimakariri, once the coach service was established, 
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communications with the outside world were better than in other 
high country areas. 

The runholders and their men will have spent considerable 
time learning how best to manage their country and in this 
learning process they will have explored it thoroughly to search 
out all available grazing. Much time and effort must also have 
been employed in getting the wool to Christchurch. 

It is obvious from the accounts of early writers (Butler 1863, 
Richards 1950) that many common terms in use in the earliest 
years ("mob", "bush", "station" and possibly "run", though it may 
have originated here), were brought from Australia. Others 
apparently evolved here in those early years ("tussock", 
"snowgrass", "basin", "high country", "musterer", "shingle slide", 
"fan", "snow-rake"). 

Improvements were made, as described earlier, the most 
important being addition of better accommodation, a woolshed, 
cultivation for oats and hay and trees for shelter. The spartan 
living conditions of the earliest years, had given way to some
thing more gracious.by 1870, but were still distinctly 
unsophisticated as can be seen from contemporary photographs. 
There was usually no attempt to sow pasture more widely and the 
mainstay of the grazing was the native tussock grassland, 
modified by fire (and selective elimination of favoured species 
and increase in unpalatable species, no doubt), and gradually 
invaded by adventive plants. By 1918 C.E. Hilgendorf could 
report that catsea:r (Hypochaeris radicata) was the main stock food 
on· the fans·. near th.e Cass Field Station and that sheep did not 
eat blue.tussock.and hard tussock. 

'I'he .. rnairi n~w type of farm management which the early 
settlers>employ·ec:1 was that of burning (although muir burning was 
widely. u~ed in Scotland and fire was probably important in 
Australia td: clear rank vegetation) . Initially fire was used to 
clear.th~.cq1:1ntry of unwanted cover such as scrub and spiny 
plantsi (rnata'gou:ti and spaniard) . The fresh growth afterward was 
sought by sh~ep , .. and burning to induce this became a regular 
practice. ciril Grasmere widespread burning continued at least 
until about .J920 .. and on Flock Hill, to some time later. It was 
recognized q:ciitg\ early that burning could be detrimental 
(Cockayne 19J6) •. Although numbers of accidental fires have had 
widespread effects since about 1949 only a few small areas have 
been burned deliberately, usually shady faces, in spring, to 
clear scrub. In the early days some large areas of forest were 
burned deliberately to increase the area of land suitable for 
grazing. Table 11A/Section 11, includes the dates and locality 
of numbers of these fires. The exact boundaries of many of them 
are not known. Many more fires in grassland could have occurred 
between 1857 and 1947 but the extensive fires in forest are 
probably all documented. 

Economic Ups and Downs and Natural Disasters 1870-1950 

The welfare of high country sheep farming has closely 
paralleled world economic fluctuations which influenced the price 
of wool, but superimposed on these were local economic effects 
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and the effects of various natural disasters. Thus, a depression 
which loomed in the late 1860's because of declining wool prices 
was compounded by the disease scab and disastrous snowstorms 
(particularly in 1867). At this time too the rapid breeding-up 
of sheep to fully stock all the run country had been accomplished 
and there was no longer any sale for store sheep. Scab, a 
serious skin-mite disease, first noticed in Canterbury in 1854 
and not fully eradicated until 1886 (Burdon 1938) does not appear 
to have affected the Waimakariri severely, although it will have 
enforced strict care to avoid contamination, and the practice of 
regular dipping of sheep. Very severe snowstorms, which killed a 
large proportion of the flock on some stations, were experienced 
in 1867, 1895, 1903, 1918, 1923, 1939, 1945 (cf. Burrows 1976). 
If an area was fortunate enough to escape such a storm, no doubt 
it benefited by sale of sheep to places which were replacing 
their stock losses. 

The depression of the late 1860's was alleviated to some 
extent for the Waimakariri runholders by sale of sheep and cattle 
in the goldfields in Westland and by sale of oats and chaff to the 
coach and cartage contractors for their coach,dray and wagon horses. 

There was a rise in wool prices in the early 1870's, then a 
steady decline for the next 30 years. The depression was severe 
in 1879. Rabbits, which became a very serious and costly problem 
in Canterbury in the 1880's and 90's, threatening to destroy the 
grazing, were apparently not able to get a firm foothold in the 
Waimakariri basin although substantial patches of heavy 
infestation occurred from time to time. Rabbits were bad at the 
mouth of the Esk, at the back of Sugarloaf and on the Ribbonwooa 
Fan in the early 20th century. Again, the depression at this 
time was alleviated to some degree, but this time by sale of 
sheep for tallow and the successful shipping of frozen meat to 
Britain from 1881. Surplus stock began to find a readier sale 
after this. However merino mutton was not favoured, so this led 
to the crossing of merinos with long-woolled sheep such as 
Lincolns and Leicesters, to produce half-breds which could be 
used for mutton. They also thrived on high country and their 
wool met a fairly ready sale. Their lambing percentage is better 
than that of the merinos. The need for more versatility also led 
eventually to the development of the distinctive New Zealand sheep 
breed, the Corriedale, a multi-purpose sheep. The economic base 
for farming could thus be broadened. However, Corriedales were 
not established in the Upper Waimakariri until introduced to 
Grasmere in the 1960's. 

Meat prices, after the first boom, fell in the mid 1890's. 
On top of this was the effect of the 1895 winter when snowstorms 
killed many thousands of sheep, so that this was a time of very 
severe depression, which persisted until about 1910. All of the 
upper Waimakariri runs except Castle Hill were taken over by 
stock firms in the 1870's or 80's and all changed hands between 
1900 and 1910. 

During the First World War the value of meat and wool 
increased sharply. This would have been beneficial to farming 
in the area, except that the auction of the Canterbury College 
run leases occurred at this time of inflated prices and the new 
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rentals were too high when meat and wool prices fell, first in 
1921, then much more severely during the great world depression 
of the 1930's. Controlled prices for produce during the Second 
World War were followed by gradual rises after the war, until 
1950. Nevertheless, the basic strength of the traditional 
extensive pastoral farming system was the low overhead expenses 
involved and the ability to reduce costs. Economic stresses 
could be weathered by reducing operations to a minimum, mustering 
for shearing, tailing the lambs and turning the sheep out to fend 
for themselves till next year. Although times were very hard in 
the high country in the 1930's there were no bankruptcies, nor 
changes of ownership of the Waimakariri runs (although payment 
of rentals was deferred for a time). This strength is one which 
the runholders are reluctant to forgo; hence their resistance, 
until quite recently, to new and expensive systems of farming. 

Land Tenure 

The original terms of leases from the Canterbury Provincial 
Government had been from 1856-70, but this was lengthened to 1880 
and the rentals increased, in 1866 (Burdon 1938). 

In 1873 the then Canterbury College was granted, as an 
endowment, 64,640 acres in the upper Waimakariri basin, 
comprising all the land of the Grasmere, and Craigieburn 
(including present Flock Hill) and Avoca runs. The leases were 
for 7 to 13 years and rentals again increased. The Crown took 
over all other leases in the area when the Provincial Government 
was abolished in 1876 (Figs 2•5, 2,6). 

The terms of Crown leases were lengthened by a further 
10 years in 1880, pre-emptive rights to freehold land adjacent to 
improvements were abolished and rentals again increased. In 1890, 
when the licences expired, they were offered at auction for 
periods of up to 21 years with no right of renewal but right of 
compensation for improvements. Other minor changes occurred in 
1907, 1910 and 1913. In 1920 the Land Act was amended, increasing 
the term of leases to 35 years and abolishing the auction system 
of lease renewal. Burning and cultivation were only allowed by 
consent of the Land Settlement Board and lessees were required to 
make improvements (Burdon 1938, Hayward 1967). 

In 1917 Canterbury College divided its leases into four, 
Grasmere, a reduced Craigieburn, Avoca (less the block east of 
the Broken River) and Flock Hill and put them to auction. The 
bidding was high. Studholme and McAlpine acquired Grasmere at 
£800 per annum and Craigieburn at £920. James Milliken got the 
other two leases at £2200. During the long period of lean times 
thereafter these runholders fought a protracted battle to 
convince the College authorities that the prices for the leases 
were too high. During the depression of the 1930's an Act of 
Parliament (The Mortgagors and Lessees Rehabilitation Act), 
alleviating conditions for payment, was used by the runholders to 
get a better deal. 

Secure land tenure is very important for the land and the 
people farming it for it is only when they have such security 
that runholders are likely to invest in permanent improvements to 
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the land or to take the best care of the unimproved land. The 
1948 Land Act was aimed at improving the position. It provided 
for: 1. Pastoral leases, for 33 years with perpetual right of 
renewal, but no right to freehold. These have stock limitations. 
2. Pastoral occupation licences for up to 21 years with right of 
renewal and no right to freehold. 

Most high country properties were granted Pastoral Leases by 
the Land Settlement Board. Rents of these are based on carrying 
capacity and set at a low figure, acknowledging the restrictions 
which could be placed on land use by Catchment Boards. At 
the same time low rentals were likely to encourage tenants to 
reinvest in improvements. The Land Settlement Board has the 
right to restrict the number of stock where this is necessary 
to protect the land. Cultivation is possible, by agreement, and 
good husbandry is required. A Pastoral Lands officer inspects 
the property regularly to see that runholders abide by the 
conditions (Hayward 1967). 

Other types of tenure in the Waimakariri Basin include 
Forest Leases (terms 1-5 years with no right of renewal); 
Arthurs Pass National Park Board Lease (21 years, no right of 
renewal); University of Canterbury Leases (21 years, no right of 
renewal). All have conditions otherwise similar to those for 
Crown Leases (Hayward 1967). 

The Grasmere-Cora Lynn run now comprises 557.2 ha 
(1378 acres) freehold, 2156 ha (5328 acres) Crown Lease, 
5242 ha 01295 acres) University Lease, 1037.2 ha (2560 acres) 
Pastoral Occupation Licence and 1668 ha (4125 acres) National 
Park Lease. 

Traditional Extensive Grazing 1870-1950 

By 1870 the farming practice, which was to remain little 
changed until quite recent times, was well established. It 
persists in modified form to the present day. It is described in 
detail for the Cass area by McLeod (1951, 1974) and aspects of it 
by Acland (1951), Burdon (1938), Crawford (1949), Cockayne (1916) 
and Cumberland (1944). The farming economy was based on merino 
or half-bred sheep, primarily for wool, with culled sheep being 
sold for meat .. The stock were grazed extensively on modified 
native pasture, in which introduced low-quality grasses (browntop 
and sweet vernal) and some plants such as catsear and sorrel were 
important. The stocking rate might be one sheep to each 3 to 4 
acres and, usually, at least 5000 sheep were needed to make an 
economic return. There must be adequate blocks of well-grassed 
lower country to run ewes, hoggets and a few rams, all of which 
need to be well fed. Some limited cultivation was usually done 
for high quality pasture, hay and root crops to feed ewes and 
hoggets in winter and to feed horses. Enough safe (i.e. snow
free) blocks of rough grazing were needed as winter country for 
the main wether flock. Extensive blocks of summer country were 
also needed where the wethers could run free until danger from 
snow in autumn necessitated that they be mustered down to their 
winter range. In 1930 (McLeod 1975), Grasmere-Cora Lynn was 
regarded as a fairly well-balanced run in these respects. Its 
53,500 acres comprised 1350 acres of freehold (about 300 acres 



43 

of it, near the homestead, under cultivation), 13,600 acres 
University lease, 22,850 acres Crown lease, 6000 acres Forestry 
Reserve and 9700 acres National Park lease. The various 
grazing blocks on Grasmere-Cora Lynn were shown in Cumberland 
1944). Table 3A outlines the stock numbers on Grasmere-Cora Lynn 
throughout the period, and on the six runs in the Upper 
Waimakariri basin at roughly the same times. The easternmost run 
boundary was fenced on Grasmere-Cora Lynn at lower altitudes, 
but mountain ridges and the Waimakariri River otherwise formed 
the boundaries and only some of the 15 grazing blocks were fenced. 
Forest stands and the natural landforms formed boundaries between 
many of them. In 1916 there was no special provision of winter 
feed (Cockayne 1916). Catsear was an important item of sheep 
diet and blue tussock and hard tussock were not much, if at all, 
grazed (Hilgendorf 1918, letter in Cass file). Subsequently 
browntop and sweet vernal increased in the rough pasture 
(Cumberland 1944). Cultivation in 1930 was primarily for oats 
for chaff and some turnips (McLeod 1974). 

Thus, the main limitation placed on the stocking rate was 
the ability to feed sheep in winter on country not badly affected 
by heavy snow. The mountain environment ensures that the growth 
period is short and snowfall is heavy on the higher slopes and 
lies late on slopes facing the south. Winter stock losses are 
inevitable and might amount to several per cent most years and, 
during disastrous snowstorms, affecting a whole run, to a third 
or more of the flock. 

At first the sheep were merinos, but they were largely 
replaced by half-breds. Only two runs in the upper Waimakariri, 
Mt White and Flock Hill have maintained merino flocks. In 1930 
Grasmere-Cora Lynn had 8000 half-bred ewes, 2300 wethers and 
2000 hoggets (McLeod 1974). In 1944 there were 5000 breeding 
ewes, 3000 wethers, several hundred dry ewes, 3000 hoggets and 
less than 100 Hereford steers. Each year there were about 3500 
lambs. The ewe and wether flocks (and losses) were replaced from 
the hoggets. Culled older sheep were sold down-country for 
fattening (Cumberland 1944). The ewe flock was most important 
since replacements were bred on the place. Lambing percentages 
were only 50%-80% in the 1930's (McLeod 1974). 

By 1944 cultivation had achieved greater importance. On 
Grasmere-Cora Lynn, 300 acres, in 10 paddocks, had a pattern of 
pasture including the grasses ryegrass, crested dogstail, 
cocksfoot and also white clover, turnips and an area of lucerne. 
Lime and superphosphate were applied (Cumberland 1944). Culled 
sheep were fattened on this area before sale and hoggets and ewes 
grazed it in winter. 

The buildings included the homestead, men's quarters and 
miscellaneous sheds for storage and implement shelter, but a very 
important one was the woolshed with its complex of drafting yards. 
Inside, it contained the shearing board, wool-table and bins, 
wool-press and wool storage area. A most important provision was 
the system of pens to hold 1000 or more sheep in bad weather, to 
ensure that shearing was not held up. Many runs have numbers of 
musterer's huts, but Grasmere-Cora Lynn relied on only two, one 
the old Cora Lynn homestead, the other high on Bealey Spur. 



44 

TABLE 3A: STOCK NUMBERS 

The Six Runs in the 

Grasmere-Cora Lynn· Upper Waimakariri 
( * peak numbers) 

Sheep Cattle Sheep 

1879 16,200 1879 68,000 

1889 ca 17,500 ? 
1895 92,500 * 
1905 63,000 

1914 ca 14,000 ? 1910 78,000 * 
1920 45,000 

19 30 12,300 100 1930 56,000 * 

1944 11,000 100 1944 44,500 

1960 ,8,840 170 1960 42,000 

1976 8,960 390 1976 ...... 
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The labour force included the runholder, some permanent 
hands (cowman, shepherd) and otherwise seasonal workers were 
employed. Mustering gangs of 3-4 and a packman-cook were present 
from summer to autumn to take care of tailing, the shearing 
muster, dipping, the autumn muster, when sheep were brought down 
from the high tops, and various other odd jobs. Dogs were an 
essential tool in the working of sheep and each musterer had 
about 2 quiet heading dogs and 3-4 noisy huntaways. 

The shearing gang at Grasmere-Cora Lynn in the 1930's, 
present for 10 days or so, barring rain, included 10 shearers, 
shed hands, wool classer, pressers and a cook, altogether about 
20 men (McLeod 1951, 1974). 

The sheep were shorn with hand blades because this ensured 
that enough wool was left so that stock would not die in cold 
weather after shearing. In the early part of the period and up 
to about 1940 the Grasmere-Cora Lynn wool clip, per sheep, was 
perhaps, 5½-7 lbs but, by 1944 it was consistently 7 lbs. There 
were about 200 bales of wool, weighing 80,000 lbs and fetching, 
in 1 9 3 2 £ 1 2 0 0 , 1 9 3 3 £ 2 0 0 0 and 1 9 4 4 £ 4 0 0 0 . 

Horses had been the only form of traction until the 1920's. 
Draft horses were used for cultivation, half or quarter drafts 
for packing and hacks for riding. Packhorses and hacks continue 
to be used extensively in the high country. On the easier 
country mustering was done on horseback, but on the higher, 
rough, steep country it was done on foot. A tractor was in use 
for cultivation on Grasmere in 1930. 

The wool clip was hauled to Christchurch by horse-drawn 
waggon until the early 1900's, when traction engines came into 
use. After the railway was built the hauls became shorter and, 
in the 1930's motor trucks were in use. 

The seasonal round of work on a high country run was full of 
interesting details, described by McLeod (1951). These persist 
in the upper Waimakariri, on Mt White and Flock Hill, but the 
timing of activities is substantially different on other 
properties, consequent on more cultivation and practices such as 
pre--lamb shearing in September-October. In May tupping began and 
in October, lambing. Cultivation was usually done in autumn and 
planting of pasture and fodder crops in spring. Tailing was done 
in November and shearing in December to January. Drenching of 
young sheep against worms was also necessary. Dipping of the 
sheep (against keds and lice) was usually done after shearing. 
Wool cartage took up a short time then and harvesting of hay. 
Surplus sheep were drafted for sale at the Ewe Fairs in February
March. About Easter came the autumn muster, bringing the sheep 
down on to their winter country. Surplus cattle were sold in 
autumn. If all was well there may be little heavy work needed in 
winter, except some fencing or feeding out hay when necessary. 
It was the time for odd jobs. However, if there were heavy falls 
of snow the very arduous job of snow-raking may be necessary -
the tramping of trails for sheep to be taken to snow-free ground. 

The mode of farming involved relatively low overhead costs 
and was resilient to economic fluctuations. But the high country 
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was never very prosperous, and suffered, with the rest of the 
nation, in hard times. By the standards of anyone living in the 
lowlands, with some exceptions, living conditions in the high 
country remained fairly primitive, at least for the workers on 
the farms, until the 1940 1 s. Nevertheless the way of life had 
great appeal to many folk who preferred to live in small, 
relatively self-sufficient communities, in a free, independent 
and autonomous manner. 

Intensified Land Use, 1950 Onward 

Various factors have combined to bring about some 
substantial changes in the farming system since 1950. The 1948 
Land Act had the desired effect of securing tenure and ensuring 
better land husbandry, and reinvestment in improvements. 
Perhaps more significant, however, were the wool,price boom of 
the early 1950s, the growth of the soil conservation movement 
and technological innovations, especially aerial topdressing, 
clover seed inoculation, knowledge of trace element deficiencies 
and, more recently, irrigation. 

The demand for wool during the Korean War of 1950-51 caused 
wool prices to rise to more than 150d per pound and surplus stock 
also fetched good prices. (The average price per pound for 
Grasmere wool in 1932 had been 7d!) This allowed the runholders 
a sound financial base and large cash surplus on which to plan 
their operations, the first time this was possible since the runs 
were established. Much fencing, renewal of buildings and 
purchase of new equipment resulted. An unexpected outcome was 
that by reduction of stock numbers without loss of income, the 
grazing was not under so much pressure and wool production per 
sheep increased (to about 7.5 lbs or 3.4 kg). Gerald Urquhart 
of Flock Hill reduced his sheep numbers to 10,500 compared with 
the 13,000 run by J. Milliken previously. More cattle also began 
to be run, giving a better balance of grazing, since they prefer 
wetter ground and ranker forage than sheep. 

Conviction that soil erosion was a very serious problem in 
New Zealand, not least in the Canterbury high country and 
Waimakariri Catchment, coupled with the fear of effects on 
property down-stream of large floods in the rivers, led to the 
setting up of organizations such as the Soil Conservation and 
River Control Council (1941), North Canterbury Catchment Board 
(1944), a branch of the Ministry of Works now known as Soil and 
Water Division and the South Island station of the Forest Research 
Institute, N.Z. Forest Service. The NCCB has responsibility for 
river protection works in the lower reaches of rivers and for 
organizing ways of alleviating floods and erosion in the upper 
catchments. One important responsibility has been control of 
burning. Rightly, fire is recognised as one of the most 
important initiators of erosion. 

Continued use of the higher, rougher mountains, their tops 
often without continuous vegetation and suffering accelerated 
soil erosion, is considered detrimental to the welfare of the 
catchments as a whole. As a step towards slowing or halting 
run-off and erosion there has been a move to remove grazing from 
such areas. To do this alone would affect the profitable 



47 

management of the runs, so means have to be found to increase 
productivity of the better quality land so that equivalent 
returns are possible. 

The basic limitation on most properties is the provision of 
enough winter feed to maintain a higher stocking rate per unit 
area than formerly. The closure of high country, formerly 
available for summer grazing, however, created a limiting period 
in summer, also, particularly in dry years. 

Catchment Boards have endeavoured to persuade runholders to 
enter into a Soil Conservation Run Plan. Before this was drawn 
up a land inventory and capability survey, by the Catchment 
Board, was needed .. After the land has been classified, as to its 
present condition and potential for productionf run plans are 
drawn up, which consider the land of different classes (III & IV 
being of moderately good quality, VII and VIII of very poor 
quality and erosion hazards} and provide detailed accounts and 
costing of the treatment necessary to achieve greater carrying 
capacity on the better class country. 

The Catchment Boards subsidize developments of intensified 
farming by fencing, oversowing and cultivation, usually to the 
extent of 5ff% of the cost, the funds for which are drawn from 
Government grants to the Soil Conservation Council . 

. The part of the F.R.I. in the process of attempting to 
prevent flooding and erosion has been in carrying out catchment 
surveys to determine the condition of the vegetation cover, the 
degree of erosion, the effects of wild animals on these, and the 
monitoring of woody plants suitable for revegetation of the 
mountain lands. Incidental to this has been the scientific 
investigation of many fundamental problems in animal control 
methods, soil fertility, climate, hydrology, plant ecology, 

/geomorphology, etc. A great deal of this work has been done in 
the Craigieburn Range, some of it by D.S.I.R. and University 
workers. Animal control measures arising from the work of the 
F.R.I. have reduced deer and chamois numbers in the Waimakariri 
to very low levels. 

Research on pastures, to establish suitable techniques of 
cultivation and the species and strains of grasses and legumes 
and types of fertilizer suitable for improvement of productivity 
and the grazing capability of the runs, was a necessary outcome 
of the movement to make fuller use of better class country. This 
has mainly been done by the Department of Agriculture, and 
Grasslands Division of the D.S.I.R., especially at the research 
area in Castle Hill Basin, from 1953-1964. More fundamental 
studies of soil fertility were carried out here and elsewhere 
in the area, also by D.S.I.R. and Lincoln College workers and 
others at higher levels in the Craigieburn Range (Hayward 1967). 

Extension of the results of some of this research was 
possible when an accidental fire burned the tussock cover over 
1200 acres on the Ribbonwood Fan and slopes of Mt Bailey in 
January 1956. In July that year the area was oversown with clover 
and topdressed from the air with sulphurised superphosphate and 
sodium molybdate. Regular topdressing has been done since. The 
area has been stocked with cattle and sheep to an average of 1¼ 
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ewe equivalents per acre over the whole area. A good initial 
strike of clover in the predominantly sweet vernal - browntop -
fescue tussock sward was followed by general slow decline until 
topdressing was repeated. Severe porina moth damage to the 
clover cover also occurred. The work was subsidised by a grant 
from the Soil Conservation and River Control Council and overseen 
by the N.C.C.B. (The Press, April 29, 1961, Hayward 1967). The 
results were cautiously estimated to be profitable. 

The Tussock Grasslands and Mountain Lands Institute, based 
at Lincoln College, was set up in 1960 to investigate all aspects 
of land use in the mountains and to serve as a centre for liaison 
between high country farmers, scientists and others interested in 
extending the results of new findings. It has carried out 
research into, for example, high country fencing methods, stock 
production, revegetation of eroded areas with herbaceous plants, 
soil fertility, effects of burning and mountain hydrology. An 
important aspect of its work has been the compilation of reports 
about farming and other activities in the mountains and the 
factors which influence them, e.g. Hayward (1967). 

On the Grasmere-Cora Lynn run the decision to reti+e some 
15,000 acres of Class VII and VIII land, as part of a seven year 
run plan, reduced the effective area for grazing to 24,000 acres. 
This necessitated finding alternative summer grazing for some 
3000 sheep. Seven miles of subdivision fencing were put up, the 
area of oversown and topdressed country was increased from 
1200 acres to nearly 2000 acres and the cultivated area from 
450 acres to nearly 900 acres (Figs 3.1, 3.2). 

The subdivision provided improved grazing control, the 
topdressing and oversowing changed country, previously poorly 
productive, from rough grazing for wethers to good quality ewe 
and lamb pasture. The new cultivation also changed low-producing 
tussock flats into productive pasture, and root crops and hay 
provided adequate winter feed for the stock and the sown pasture 
provided good grass in the spring and early summer. The oversown 
and topdressed tussock country gave similarly plentiful feed in 
late winter, spring and early summer, but in hot dry summers and 
autumns (often January-April) the pasture growth on the shallow 
Tasman Soils was inadequate to feed the stock. The nett result 
was that while all, or nearly all, of the winter and spring feed 
problems were solved, this did not relieve the need for summer 
grazing in the high basins of the Bruce Stream - Jordan area. 

In order to overcome the problem of summer droughts it was 
decided to invest a little more to try to make the pastures 
produce well right through the summer. Irrigation was considered 
to be the only solution. The intake for a channel to carry water 
to irrigate much of the cultivated land is in the Cass River just 
upstream of Grasmere Homestead. There were some sizeable 
engineering problems in levelling the rough old fan of the Cass 
River for flood irrigation. In places so much soil had to be 
shifted that the riverbed gravel was exposed. There have been 
problems, too, with erosion of the supply races. Some 250 acres 
are now being irrigated and a further 200 acres are to be 
completed. Use of irrigation is still experimental in that the 
best permutations of timing for applying water are not yet known. 
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Early results are encouraging. With most of the teething 
problems sorted out something close to the predicted results are 
beginning to be achieved. It is hoped that it will be possible 
t6 maintain pastures (of ryegrass and white clover, dogstail and 
cocksfoot) - for at least 20 and possibly 30 or more years. 
High country farming is becoming a more cost-intensive and 
labour-intensive enterprise. 

Grasmere at present runs 4120 Corriedale ewes, 2875 wethcrs, 
1860 hoggets, 112 rams, 230 Angus cows, 70 yearling heifers, 
70 two-year old heifers, 6 bulls, 15 steers and it is divided 
into 19 hill blocks and 24 paddocks. It has, in addition to the 
homestead, two cottages, a large woolshed and miscellaneous 
buildings for shearers, shepherds, implements etc. As well as 
the runholder and his family, 5 persons in summer and 3 in winter 
are employed permanently as farm workers, along with their 
families. Despite the recent changes, the high country runs, 
oases in the back country, still seem much like "Kingdoms in the 
Hills". 
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4. THE GEOLOGY OF THE PRE-QUATERNARY ROCKS AROUND CASS 

J.D. Bradshaw 

The first thing to make clear is that we know very little of 
the geology of the area immediately round Cass. All I can hope 
to do is to outline the problems and thereby provide a framework 
for observations and perhaps a pointer to discoveries which could 
be important. 

The landscape around Cass is formed from the grey sandstones . 
and dark mudstones of the Torlesse terrain, commonly, but 
misleadingly, called "the greywackes". The structural complexity,· 
superficial monotony and paucity of fossils has discouraged 
detailed research throughout the Southern Alps and the vicinity 
of Cass is part of the 99% of the Torlesse terrain which has 
never been mapped in detail. For this reason any acute observer 
may be able to help solve some of the problems of New Zealand's 
geological history. 

The younger and more fossiliferous sediments of Canterbury, 
such as those of the Castle Hill basin, have received much more 
attention but in terms of the structural evolution of the New 
Zealand region the older Torlesse rocks are much more vital. To 
explain why this i~ so it is necessary to look beyond the 
neighbourhood of Cass. Fig. 4•1 shows the distribution of rocks 
of different ages in the South Island and Fig. 4·2 is a greatly 
simplified representation of the main events of its geological 
history. 

The Framework 

The geological history of New Zealand (Fig. 4•2} falls into 
three natural chapters, each principally a long period of 
sedimentation concluded by an episode of earth movements. The 
first chapter records early Paleozoic events (Cambrian-Devonian, 
570-345 million years} when rocks of Western Nelson, Westland and 
Fiordland were formed. The rocks are collectively known as the 
Tuhua Sequence and were deformed by the Tuhua Orogeny. Details 
of this chapter do not concern us, except that these rocks formed 
the eastern part of a continent which included parts of Australia 
and Antarctica. The continent lay to the west of the site of 
formation of the rocks of the second phase (Fig. 4•2 left column}. 

The second chapter concerns the late Paleozoic and Mesozoic 
(Carboniferous - early Cretaceous, 325-120 million years}. It was 
quring this phase that the rocks around Cass were formed, and the 
foundation of New Zealand, as an independent small continent, was 
consolidated. With one minute exception all the rocks of this 
phase are grouped in the Rangitata Sequence, deformed and 
metamorphosed in the Rangitata Orogeny (Fig. 4•2 right column). 

The last chapter records the development of sedimentary • 
basins on the young continent of New Zealand in the· late 
Cretaceous and early Cenozoic, and their progressive enlargement 
and merging until the middle of the Cenozoic. The later Cenozoic 
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marks a reversal of this trend with a constriction of the basins 
and a progressive uplift of New Zealand into a mountainous land. 
Collectively the sediments of this phase are labelled the Kaikoura 
Sequence and the subsequent deformation the Kaikoura Orogeny. 
In some offshore areas the deposition of the Kaikoura Sequence 
continues and these same areas have yet to be strongly affected 
by the Kaikoura Orogeny (Fig. 4•2, upper quarter of figure). 

Remnants of the once extensive, younger, Kaikoura sedimentary 
cover of the Torlesse rocks are preserved in the Canterbury foot
hills and as infaulted tectonic basins within the Alpine chain not 
far from Cass (e.g. Castle Hill, Harper Valley, Esk Valley, 
Suggate and Wilson 1958, Grindley 1951, Gair 1962, Gage 1970, 
Bradshaw 1975). In the main, the higher ranges mark areas of 
greater uplift from which the Kaikoura sedimentary cover has been 
removed. 

The Problem 

There are two completely opposed interpretations of the 
paleogeography during the Rangitata (second) phase of New Zealand 
history, consequent upon different interpretations of the source 
and mode of formation of the Torlesse rocks. The conventional or 
"single sided view" is that all the sediments of the Rangitata 
Sequence were deposited to the east of a continent (parts of which 
are now seen in Nelson, Westland, Fiordland, Australia, etc.) from 
which the sediment was derived. Along the margin of the continent 
a number of linear zones of deposition are envisaged, which are, 
from west to east:- an active volcanic arc, a subsiding moderately 
shallow basin, a ridge and a slope leading down to the deeper 
water of the "proto Pacific" and underlain by a thick wedge of 
sediment. The Torlesse sediments are identified with the deeper
water eastern part of this wedge (Fleming 1970, Landis and Bishop 
1972). One of the principal difficulties of this hypothesis is to 
provide a plausible mechanism by which the granitic detritus, 
which is characteristic of the Torlesse rocks, could have been 
transported across the volcanic arc and the adjacent basin (which 
is filled with sediment - the Hokonui rocks - derived from the 
volcanic arc) without significant mixing or contamination by 
volcanic clasts. A second is that from this paleogeographic model 
one would predict that the Torlesse rocks and their metamorphic 
equivalents would be of shallow-water and nearer-shore type in the 
west and of deeper water type in the east. Discernible variations 
in sediment types within the Torlesse terrain are the reverse of 
that predicted. 

The proponents of the second hypothesis - the two sided 
hypothesis - admit the existence of all the paleogeographic 
elements cited above but insist that they can all be recognised 
to the west, in West Otago and Nelson (Hokonui Assemblage and 
Caples/Pelorus of Fig. 4•2) west of the metamorphosed Torlesse 
rocks. They claim that all the Torlesse rocks and the bulk of the 
Haast Schist are a completely separate wedge of elastic material 
derived from a separate continent which lay to the east. They 
point out that conglomerate clast size, abundance of land plant 
fossils, abundance of fossiliferous limestone and the proportion 
of sediment reasonably attributed to shallow marine or non-marine 
environments, all increase towards the east. The main problem 
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facing the supporters of this view is to satisfactorily identify 
the "eastern continent" as there is no suitable slab of continent
al crust to the east of New Zealand now (Bradshaw and Andrews 
19 7 3, Blake et al. 19 7 4, Andrews et al. in press) . 

Cass lies in a medial zone between the more uniform off-shore 
to deep-water sediments which characterise the Main Divide region 
south of the Taramakau, and the more varied rocks with widespread 
conglomerates and abundant plant fossils, which are typical of the 
foothills between the Waitaki River and Marlborough. Because of 
the migration of environments through time and subsequent large 
scale deformation, elements of both are likely to occur around 
Cass. 

The Rocks 

A short time spent looking at the Torlesse rocks is usually 
enough to show that they are not just "sandstone and mudstone" 
monotonously repeated. There is considerable variety of detail 
within the sandstone and a range of relationships to the mudstone. 
No single type is thought to be indicative of a single 
depositional environment, but the lateral relationship of 
contemporaneous, but different, rock types can be compared with 
patterns determined in modern sediments. Conclusions drawn so 
far are that the depositional environments range from fluviatile 
through lagoonal, deltaic, shallow marine, continental slope, and 
submarine canyon to deep-water fan. Those in the first part of 
the list are more common in the east while those in the latter part 
are more common in the west. However as large areas remain to be 
investigated in detail .(including Cass) many exceptions may appear. 

Of the rock types within the Torlesse rocks, six are most 
likely to be encountered in excursions around Cass. 

(i) Very thick bedded sandstone 

Medium to very fine grained quartzo-feldspathic sandstone 
in beds between 1.2m and 30m thick. The grain size is uniform 
throughout and moderately sorted. Faint parallel lamination is" 
the most common internal structure and is sometimes accentuated by 
finely divided plant debris. Layers of larger stem fragments, 
quartz granules or mudstone clasts sometimes occur. There are 
usually thin layers of dark mudstone between successive sandstones 
(see Andrews 1974). 

(ii) Graded bedded sandstone 

These are sandstone beds which do not have a uniform grain 
size throughout but are characterized by increase in size and/or 
abundance of large grains towards the original base which is 
usually a clearly defined bedding plane. Towards the original top 
there is typically a gradation into mudstone. A vertical sequence 
of internal sedimentary structures, the "Bouma sequence" 
(Fig. 4•3), may be developed. Two types are widely developed in 
the Alps, one in which sandstone is dominant and mustone sparse or 
absent and a second in which mudstone is abundant. The first is 
developed mainly in the west and is probably a moderate or deep 
water deposit (Andrews et al. 1974), the second is more common in 
the east and associated rock types suggest a pro-delta origin. 
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(iii) Thin-bedded siltstone 

Thin-bedded siltstone is commonly associated with thick
bedded sandstone and consists of thin beds (0.01 - 0.2m) of 
well-sorted pale siltstone interbedded with black mudstone. 
Internal parallel lamination, ripple cross-lamination, and 
deformed lamination are common. The agglutinating tube fossils 
Titahia and Torlessia (Fig. 4• 4) occur in this lithology. 

(iv) Black mudstone 

Thick, uniform, black mudstone with faint silt laminae and 
widely spaced, thin, fine sandstone layers which are sometimes 
slightly calcareous. Cross-lamination, organic burrows and shell 
fragments have been noted in these layers. 

(v) Conglomerate 

Three types of rock with large clasts occur. Most widespread 
but least important are layers of rounded to angular, dark 
mudstone fragments in many thick-bedded sandstones. Many of these 
result from scouring preceding the deposition of the sandstones, 
but some of the angular clast types can be shown to be due to the 
injection of sand into mud without significant transport. It is 
sometimes interesting to see if the mudstone fragments can be 
fitted back together if the sand is removed. 

The other two types of conglomerate contain rounded pebbles 
and cobbles, in one case predominantly of quartz, rhyolite, 
granite and gneiss, and in the other mainly of Torlesse ty~e 
sandstone. The first is interesting because it provides a direct 
sample of rocks of the source, and the second because it shows 
that the major basin was cannibalistic and that older Torlesse 
rocks were uplifted and eroded to contribute debris to the younger. 
Well-preserved fossil plants occur with some conglomerates. 
A conglomerate is well-exposed in the gorge of the Andrews River. 

(vi) Volcanic association 

Three rock types commonly occur in close association, basic 
lava, chert and limestone. Rocks of this group commonly stand out 
because they show a rusty brown to deep red colour. For example, 
the distinctive colour of the lavas near the mouth of Ribbonwood 
Stream and on the slope to the north can be seen from the road. 
~rhe lavas were extrusions on to the sea floor and commonly show 
the globular "pillows" characteristic of subaqueous volcanics. 

Widely associated with the lavas are impure cherts - laminated 
accumulations of cryptocrystalline silica stained pink to deep red 
by disseminated iron oxide - sometimes interbedded with dark, 
earthy layers of the same material. Poorly preserved radiolaria 
can be seen in some cherts. 

The sporadic occurrences of limestone in the Torlesse rocks 
are usually associated with the volcanics and can usually be shown 
to have originally been deposited on top of pillow lava. The lime
stones may be red, pink, white or blue-grey and often appear less 
shattered than the sandstone and mudstone and show a distinctive 
f~,uted, weathered surface. Some limestones are rich in shelly 
f~ssils and others, on dissolution, yield microscopic tooth-like 
c~nodonts. Limestone has been reported from Cass Creek and 

f 
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further finds would be very interesting. 

The rocks of the volcanic association (dolerite, gabbro etc.) 
are not abundant, but their distinctive character makes them very 
valuable in unravelling the structure. For example, rocks of the 
association occur near the "Gap" on the ridge of the Torlesse 
Range and can be traced in a broad arc into the head of Camp 
Stream. 

Fossils 

Fossils are rare in the Torlesse rocks and all finds are 
worth reporting and recording in the New Zealand Fossil Record 
File. Most of the known localities are listed by Campbell & Warren 
(1965) and marked on the 1:250,000 Geological Map (Hurunui Sheet, 
Gregg 1964). 

Fragmentary plant fossils are more common and a number of 
occurrences are known in the ranges north of the Waimakariri 
(e.g. Polar Range, Casey Saddle, Casey Stream, Poulter Range, 
Peveril Pk, etc.). Such localities are only recorded in the File 
if the material is identifiable but preservation of plant matter 
in abundance is of paleo-environmental significance even if it 
cannot be identified. 

Further to the west, around Arthurs Pass the Late Triassic 
bivalve Manatis (Fig. 4•4) and the agglutinating tube fossil 
Torlei:Jsia occur. Tarlessia typically occurs as pale, flattened 
tubes in dark mudstone, while the Monotis is found in a range of 
lithologies from fine siltstone to fine conglomerate. In other 
areas Monotis commonly occurs in limestone. Rare finds in the 
Arthurs Pass area include bryozoa (Stevens 1963) and fish 
vertebrae. -

Rangitata Orogeny 

The Rangitata Orogeny was probably caused by the collision 
of the western volcanic arc suite with the huge wedge of Torlesse 
sediments, which had been rafted towards one another by plate 
tectonics. 

The structures produced are by no means easy to describe. 
The basic pattern in many parts of the Alps appears to be initial 
deformation into a pile of folds with sub-parallel sub-horizontal 
limbs sliced by flat-lying faults. Subsequently the rocks were 
refolded by upright folds to produce the steep bedding 
inclinations seen in most areas. Further periods of warping and 
strong faulting followed. 

The overall result can be approximated by taking a piece of 
paper and giving it three parallel folds so as to form four layers 
resting on the table. Then fold the stack of layers again into a 
number of upright folds with a profile like roofing iron and with 
the trend o_f the second folds at any angle to the first. Now 
gently warp it again. Now cut it with scissors into a number of 
pieces and move them vertically and horizontally with respect to 
each other but leave no major gaps. Your result is a fair model 
of the problem presented by the structure of the Torlesse rocks. 

\ 
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The majority of the above events took place during the 
Rangitata Orogeny in early Cretaceous times. The sub-aerial parts 
of the structures were removed by erosion prior to the deposition 
of the Cretaceous-Tertiary cover. Their final form is due to 
further deformation during the late Cenozoic Kaikoura Orogeny, 
mainly uplift and faulting. 

Kaikoura Sequence 

The eroded surface of the Mesozoic rocks of Canterbury was 
progressively buried during the Late Cretaceous and early 
Cenozoic by a blanket of younger sediment. The blanket is of 
uneven thickness but in general has the form of a very acute 
wedge, thick in the east (coastal North Canterbury) and thin, 
and perhaps a little ragged, in the west (near the crest of the 
Alps). When it was laid down it was continuous and the isolated 
nature of the remnants in the Alpine area is due to recent erosion 
stripping the cover from the ranges and leaving it only in 
structural basins. Fig. 4•5 shows the distribution of the 
remnants near Cass and Fig. 4•6 shows their stratigraphy. 

The rocks of the lower part of the blanket record the 
progressive submergence of Canterbury, during the late CL~taceous 
and early Cenozoic, by a sea advancing from the east. The sandy 
and conglomeratic rocks of the upper part (Enys Formation) are a 
response to the beginnings of late Cenozoic uplift. 

During the submergence (or transgression) the shoreline moved 
generally to the west and at ahy one point lower units in a 
succession tend to be overlain by progressively more offshore, 
(though not necessarily deeper water) sediments. For instance' 
at Castle Hill (Fig. 4•6) the Broken River Coal Measures were 
deposited at or near the shoreline and succeeding units represent 
successively more offshore environments. The rocks of the Enys 
Formation represent the opposite situation, a regression. The 
lower sands and shell beds are probably near-shore marine deposits 
and successive horizoris represent intertidal and finally non
marine sediments laid down as the sea retreated to the east. 

The succession at Castle Hill represents a simplified 
"abstract" of the geological history of North Canterbury. Good 
sections of the Enys and Thomas Formations can be seen in the 
lower Thomas River and near the Porter-Thomas junction. The lower 
part of the succession is best seen in the lower Porter and the 
Broken River. The bold escarpment of the Thomas Formation 
provides a useful marker horizon. (See also Gage 1970 and 
Bradshaw 1975). 

The sequences in the Harper Valley and in the lower Esk 
valley warn against taking the simple picture derived from Castle 
Hill as universally true. Many local factors modify the sequence 
of events and the resulting succession can be quite different. 
In the Harper Valley sedimentation commenced much later than at 
Castle Hill and the early Cenozoic rocks are very thin. The lime
stones and tuffs so prominent at Castle Hill do,not occur and the 
late Cenozoic rocks, though similar in type, are divided by an 
angular unconformity indicating local folding (Suggate and Wilson 
1950). In the lower Esk valley mid-Cenozoic volcanic rocks and 
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Map of the Kaikouran structural basins with preserved 
Cretaceous-Cenozoic rocks and major Kaikouran faults. 
(Cretaceous-Cenozoic rocks stippled, main faults heavy 
lines and Springfield-Arthurs Pass Highway dashed line}. 
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sandstones, equivalent to those of the Thomas Formation, rest 
directly on the Torlesse basement, and ·the whole of the early 
Cenozoic is unrepresented (Grindley 1951). 

Kaikoura Orogeny 

The change through sandstone to conglomerate towards the top 
of each column (Fig. 4•6) is a consequence of the early movements 
of the Kaikoura Orogeny. To the west ridges were uplifted, the 
cover was stripped off and erosion cut into the Torlesse rocks 
beneath to produce the greywacke pebbles. The main folding and 
uplift took place in the late Pliocene and early Pleistocene. 
The sedimentary cover was buckled into complex folds to conform to 
the crustal shortening and block faulting in the stronger basement 
below. The sinuous outcrop of the Thomas Formation in the Castle 
Hill Basin is a spectacular example of folding in the cover 
(Bradshaw 1975). 

Kaikoura deformation continues in some parts of New Zealand 
but many faults traverse the upper Waimakariri basin including a 
large one which extends through Sugarloaf Bush up the Cass River 
and down Hamilton Creek, along the west side of the Craigieburn 
Range, and is responsible for crushed, easily erodible rock and 
much of the landscape in the Upper Cass valley (Gregg 1964, 
Freund 1971). A number of faults show recent traces which cut 
late Pleistocene geomorphic features (e.g. Bruce Stream, 
Mt White Station, Cora Lynn (railway station) and Purple Hill). 
Pro-glacial lake strand lines·· on Poverty Flat below Mt Binser 
show tilting and slope up, towards the west. 

Arthurs Pass was shaken by a strong earthquake on 9th March 
1929. The epicentre was poorly located but was thought to lie 
east of the Pass. Subsequently Speight (1933) showed, by a study 
of the distribution of landslides and rock falls, that the zone of -
greatest intensity lay along an east-northeast line from Arthurs 
Pass to the South Branch of the Hurunui, southwest of Lake Summer. 
Rockfalls in the Upper Rawdon Valley and some minor landslides in 
this area, as well as the major Falling Mountain (Edwards-Otehake 
Rivers) and Thompson (Poulter) landslides, date from this quake. 
The zone is aligned with the Kakapo Branch of the Hope Fault (see 
Freund 1971). The latter fault offset fence lines during the 
Amuri earthquake of 1888 and it is likely that the Arthurs Pass 
earthquake is due to recent faulting related to the Kaikoura 
Orogeny. 
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5. GLACIAL GEOLOGY 

M. Gage 

<i "Gl~gial geology is particularly well displayed in the Cass 
distr".i:C·f:' largely because of circumstances which favoured unusually 
cI:~a:t\f-;:cq:~ distinctions between the features - both constructional 
ang e:r:-osional - developed successively during the last three major 

\;'c]:b:ndtic( oscillations of Late Pleistocene time. To begin with, the 
,,ba§ic. drainage patterns in the northern part of the Southern Alps 
\were determined during the Early Pleistocene by differential uplift 

': of the Alps during the Kaikoura Orogeny. Thus, drainage from the 
rising alpine region tended not to flow directly away from the 
chief uplift axis in simple consequent fashion. Instead, the strong 
tectonic relief, particularly in what has become the montane 
portion of the Waimakariri catchment, forced the rivers to find 
devious routes to the sea by way of the lowest tectonic elements, 
in a manner still exemplified today farther to the north in the 
Clarence River catchment. 

Stream patterns strongly influenced by tectonic factors, as 
are those in the northeastern part of the South Island, are 
unlikely to be straightened and shortened by normal piracy and 
capture because the most easily erodible belts of softer strata and 
fault-crushed rock lie closely parallel with major NNE tectonic 
trends, and in this case, especially, because crustal movements 
have continued more or less in the same sense into recent times. 
Modifications have however been effected farther south (including 
the Waimakariri catchment) where glacial action in the later 
Pleistocene was more intense. Valleys were filled with ice deeply· 
enough to allow some. overflow, short-circuiting the more e~treme 
bends and causingsc,me leakage from one valley to the next. 
Adjustments of this kind have a general tendency to shorten the 
route from neve to ablation area. Evidence of the process survives 
wherever substantial overspill occurred, in the form of remnants of 
some former ridge. o:r;• s_pur that has been worn away. Depending upon 
how long the- overflow Of ice continued and how often overflows were 
repeated during successive glacial advances, the result in post
glacial times may be anything from a minor high-level pass or 
"transfluence col" to a major distributary valley system which may 
now be occupied by a major river, a small underfit stream, or a 
chain of lakes. ·-

In the case of the Waimakariri valley, the montane portion was 
certainly well filled with ice during all the earlier advances of 
1:ll.e last (Otira) glaciation, and the upper valley regions during 
the later advances. Overflows were numerous in the upper 
W~iil:lakariri watershed. The Cass district exemplifies the full 
l:'ange of magnitude of overflow features, from the small 
trarisfluence cols at Betwixt Saddle and Pylon Gully to the 
important geomorphic consequences of major distributary ice
l'eakages from the main Waimakariri Glacier by way of Goldney Saddle 
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into Cass Basin and Winding Creek, and also through St Bernard 
Saddle into what is now the head of Slovens Creek. Sugarloaf, 
Cass Hill and Mount Horrible are thus seen as the former 
continuation of the Academia Range and Mount Misery. 

At the maximum of each advance, a substantial fraction of 
the Waimakariri Glacier ice-flow occupied and enlarged the 
diffluent channels (Fig. 5•1) but the main channel (still followed 
by the Waimakariri River) continued to conduct the dominant ice 
stream with augmentations from the Bealey, Andrews, Rawdon and 
other valleys to the north and east. At the end of each advance, 
the normal run-off of rain and seasonal snowmelt resumed a 
pattern similar to the pre-glacial one, and the distributary 
channels, once free of stagnant ice and no longer having to conduct 
important glacier meltwater flows, became the channels for minor, 
local streams, or the sites of lakes and shingle fan 
accumulations. 

The survival of a full record of glacial events was certainly 
aided by the failure of each advance generally to reach as far as 
the one_b~Jpre-:-- This-Ts perhaps surprising in view of the .. 
continual elevation of the alpine axis through the Pleistocene, 
as indicated by tilting and up-valley divergence of stream-terrace 
profiles related to successive glacial events - also an important 
factor in the survival of a full and decipherable record. It will 
now be apparent why the Waimakariri Valley glacial succession was 
one of the first in New Zealand to be worked out in detail (Gage 
1958), and also why, together with a similar sequence in the 
Taramakau Valley across the alpine divide to the north, it 
supported the first general glacial chronology for New Zealand 
(Gage and Suggate 1958). 

The Cass district is rich in material. illustrating the 
effects of repeated glaciations. The Field Station was the 
base from which the late Professor Speight, the present writer 
and many others set forth to study glacial geology and 
geomorphology over the past half-century. A good deal can be seen 
at the roadside and along the railway; a four-wheel-drive vehicle 
brings considerably more within easy reach; excursions on foot, 
mostly over open country, and some easy climbing are necessary in 
order to see the complete picture. It is too complex to be 
appreciated fully from air-photo study alone, but the use of air 
photographs is rewarding after having gained some familiarity with 
features on the ground. 

Glacial Chronology 

The Late Pleistocene glacial events in the Waimakariri Valley 
are tabulated below, along with the general New Zealand chronology 
and the geological formation names adopted for the mapping of this 
area by the N.Z. Geological Survey (Gregg 1964): 
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TABLE 5A. LATE-PLEISTOCENE GLACIAL EVENTS IN THE WAIMAKARIRI VALLEY 

Waimakariri glacial 
sequence: 

Poulter Advances 
II 

I 

III(?) 

Blackwater Advances II 
I 

Otarama Advance 

Woodstock Advance** 

Avoca Glaciation 

Lithostratigraphic 
equivalent: 

St Bernard Formation 

Burnham Formation 

Windwhistle Formation 

Woodlands Formation 

Hororata Formation 

( 
( 
( 
( 

N.Z. Correlation: 

( OTIRA GLACIATION 
( 
( 
( 

(Joyce Creek 
Interglacial*} 

WAIMAUNGA GLACIATION 

PORIKA GLACIATION 

* Described and'named from Joyce Creek, near Kowai Bush, by Moar and Gage, 1973. 
** Called an "Advance" in Gage (1958), but its ranking as a distinct, full 

glacial event is not in question. 

The writer considers the above correlations with the New 
Zealand chronology more correct than the alternative proposed by 
Suggate (1965, p. 80; see Gage· and Soans, 1973). 

No evidence has been found to give direct dating of events in 
the Waimakariri catchment between the time of the Joyce Creek 
Interglacial (deposits of which yielded a radiocarbon minimum age 
of >45,000 y.BP) and the Holocene period. By analogy with other 
areas from where more dates have been obtained it is postulated that 
the Blackwater Advances occurred between about 26,000 and 18,000 
years ago, and that the Poulter event began about 16,000 years ago 
and ended about 13,500 years ago. 

A date of 22,800 ± 800 (N. Z. 39 40) was obtained from the 
Acheron catchment near Lake Lyndon (Soons, Burrows & Moar 1977), 
from sediments believed to be correlated with the interstadial 
before the final Blackwater pulse. Pollen and macrofossils from 
the sediments indicate a bleak environment with relatively sparse 
plant cover. 

Fig. 5•1 maps the ice-limits of glaciers in the Waimakarit'i 
ba.sin in the Late Pleistocene and Fig. 5 • 2 shows the distribution 
of glacial and glacio-fluvial deposits. 

Avoca Glaciation 

The first recorded glacial event in the New Zealand Late 
Pleistocene, that is, after the climax of the "Kaikoura" mountain
building period, also seems· to have,been the most extensive. 
Recognized also in Buller, North Westland and North Canterbury., it 
is most fully recorded in the Waimakariri catchment as the Avoca 
Glaciation. At the maximum the Waimakariri Glacier extended beyond 
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the present mountain front as far as Racecourse Hill, an eroded 
remnant of outwash with a residual capping of morainic boulders. 
The present Waimakariri Gorge has since been cut far below the 
floor of the broad channel ·which conducted a large glacier tongue 
through the gap between the ends of the Torlesse and Puketeraki 
ranges. 

The precise path and limits of the Waimakariri Glacier of 
Avoca times are unknown. As indicated by surviving remnants of 
Avoca deposits, a broad ice stream, flowing east of south-east 
between the St Bernard Range and Mount Binser, discharged ice from 
the main divide in the Arthurs Pass region and was joined by 
another flow from the Castle Hill area which almost certainly 
included some overflow from the Rakaia catchment as well. The two 
main streams joined somewhere near the present lower reaches of 
Broken River. Avoca deposits occur extensively near Avoca itself 
and beneath a high plateau to the east of lower Slovens Creek. 
They rest upon an extremely irregular surface of Torlesse Group 
greywacke and Tertiary rocks, with sharp relief well in excess of 
300m. 

The nearest Avoca deposits to Cass cap the ridge west of 
Craigieburn station homestead, but are not well exposed there. 
Till, sub-glacial gravels, sands and laminated silts occur at the 
Slovens Creek-Puffers Stream junction, Avoca. A deep, eroding 
gully in Broken River gorge downstream from the railway viaduct 
exposes about 200m of Avoca deposits; it is glimpsed briefly from 
the railway between nos. 9 and 10 tunnels. 

An important re-advance interrupted the recession and wastage 
from the main Avoca Glaciation. About 130m of outwash gravels were 
then deposited on top of the disturbed ice-contact sediments of the 
preceding stagnation, building up the Avoca Plateau surface to a 
height of about 850m. 

Woodstock and Otarama Advances 

After a long interglacial period during which the Avoca 
materials were deeply weathered and eroded, a Waimakariri Glacier 

,was regenerated on a smaller scale than before. It modified the 
river channel that had been eroded during the interglacial period 
to below the floor of the Avoca glacier. Little ~irect evidence of 
this Woodstock Advance survives in the Cass area, and little more 
of the succeeding Otarama Advance apart from stranded blocks on 
uplands above Craigieburn. A small recessional moraine loop and 
associated kettle-lake sediments occur in a distributary channel 
below the western edge of Avoca Plateau. Too high to be referred 
to the Blackwater advances, these features are ascribed to 
Woodstock rather than Otarama because of the weathered condition 
of the sediments. 

All the major distributary channels of the Wai_makariri Glacier 
system may already have been in existence by the time of the 
Otarama Advance, though this has not been confirmed. During both 
Woodstock and Otarama advances the ice reached as far as the 
present lower gorge outlet near Kowai Bush. Overflows from both 
Waimakariri and Rakaia glaciers invaded the groken River catchment, 
but did not extend very far into Castle Hill Basin. 
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The interval between Woodstock and Otarama advances is now 
acknowledged to be an interglacial episode. Otarama outwash 
gravels in Joyce Creek, near Kowai Bush, succeed silt and peat beds 
that have yielded palynological evidence of a climate initially 
warm, but becoming colder (Moar and Gage 1973). Wood fragments 
from within the silt beds gave a radiocarbon date of >45,000 y.BP. 

Blackwater Advances 
., 
tAbundant evidence of the succeeding glacial ~vents occur in 

the Cass region. Moraines and outwash gravels indicating two main 
advances separated by an important recessipn, ancl possibly f9llowed 
by a third minor re-advance are widespread,,] in the Waimakarir:t} 
Valley~near the Poulter and E,§t~ junctions, fin lower Slovens Creek, 
in Winding Creek aiiain Broken River .::::i Outwash valley-train 
terraces may' be traced on two very distinct profile~ down the gorges 
of Broken River and the Waimakariri to the Plains. [Evidence for a 
!Et.er small advance is claimed from a small inner moraine loop in 
Winding Creek and a small area of outwash near Lake Marymere, b~t 
it is not compelling. iA distributary ice tongue flowed through 
Lagoon Saddle into the Rakaia catchment in Blackwater times. Ice 
flowed through Pylon Gully and probably overtopped Mount Horrible, 
on the summit_.of which striated bedrock has been exposed by recent 
soil erosion. 

\ Blackwater-II was the final occasion when all three main 
distributary channels functioned. Lateral moraine traces are few, 
but a large medial moraine was stranded along the crest of Long 
Hill above Lake Grasmere, presumably during the declining stages of 
Blackwater-II, because the reconstructed surface profile of a 
glacier reaching the Blackwater-I terminal position would have been 
high enough almost to submerge.the ice-moulded hills Gog and Magog, 
though probably not Sugarloaf. I Blackwater ice did not overflow 
Craigieburn Saddle into Castle Hill Basin, but a large lateral 
meltwater stream discharged through the saddle, depositing gravels 
from which the striking terraces of Cave Stream and Broken River 
were later eroded. 

While Blackwater ice was finally receding lacustrine silts 
and deltaic sediments accumulated in temporary marginal ponds, but 
were soon reduced by slumping and er9sion when their lateral 
support from the glacier disappeared~[ Examples can be seen on 
State Highway 73 near the foot of Craigieburn Cutting; shoreline 
features are visible at several other places. 

The main Waimakariri Gorge below Esk River junction was 
deepened during the Otarama/Blackwater interval, and probably again 
between Blackwater I and II. It was eventually cut to the present 
level and lower prior to the Poulter Advance. 

Poulter Advance 

Conspicuous evidence of glacial action in the immediate 
vicinity of ca·ss is ascribed to the final major ice advance wh'ich, 
in the main Waimakariri yalley, reached nearly as far as the mouth 
of the Esk River. It isl named after the Poulter River, near the 
mouth of which there are '~some impressive accumulations of moraine. 
Two distinct pulses of advance occurred, separated by a minor 



retreat and a period of stagnation··~\( Neither the extent of 
recession nor the amount of erosion effected in the interval can 

.. Qompare with those between Blackwater-I and Blackwater-II. 
A diffluent ice-stream again diverged from the trunk glacier at 
Goldney Saddle, but on this occasion the ice reached no farther 
than the end moraine which stretches across Cass Basin from near 
the Grasmere station homesj;:ead to the foot of Long Hill at the 
south end of Lake Grasmere .\ 

Near Lake Sarah the diffluent lobe came into contact with a 
western salient of the main glacier, and the prominent shoulder of 
medial moraine at the southern base of Sugarloaf was con·structed 
between them. Moraine loops, which are festooned over the north 
end of Long Hill above Lake Grasm~re, continue on as a prominent 
lateral moraine system across the head of Slovens Creek valley at 
St Bernard Saddle (which this time conducted meltwater only), 
thence along the east side of Gog and Magog to join the very 
prominent end moraine near the mouth of Poulter River: 1 Con:1:1.uent 
ice-streams from Bealey, Rawdon and Andrews valleys ~.1:1gmented .t.he 
trunk glacier but the Poulter Valley ice failed by a f_ew kilometres 
to meet the main glacier. Moraine occurs on the ice-scraped ~ 

shoulder of Woolshed Hill which faces the Rawdon River. 
A persistent high-level terrace in the bush downstream from the 
Andrews junction marks the height of an ice-margin meltwater flow 
on that side, and is related to the cutting of a short, rocky 
ice-marginal trench along the lower flanks of Mount Binser. It 
marks also the maximum height of Poulter ice in the Cass area. 
The upper Waimakariri watershed was completely ice-filled at this 
time, to a level allowing overflow just through Lagoon Saddle into 
the upper Harper valley. Moraine loops mark the limits of small 
glaciers which flowed down contemporaneously from cirques on Mid 
Hill. Below Andrews junction the ice tongue did not occupy the 
full width of the valley, and the large fans below Mount Bin•ser 
were partially builpfagainst ice. 

For a short p~riod after the final ice retreat from the main 
valley Glacial Lake Speight extended from the end moraines near 
the Poulter River mouth upstream to beyond the Rawdon River. The 
ice-cored moraine dam collapsed by stages, lowering the lake and 
leaving flights of narrQw, seemingly horizontal beach-ridge 
terraces around its shores. A paper read by D. Bell and Jocelyn 
Campbell at the Geological Society of N.Z. Annual Meeting, 1975 
(Kaikoura) reports a recent levelling exercise which showed that 
the whole system of Lake Speight shorelines is tilted slightly 
downstream. At present it is impossible to say whether this is due 
to post-glacial isostatic response to removal of the weight of ice 
locally, or to tectonic movements, or partly to both. 

Stagnation and decay of the Cass Basin distributary lobe began 
as soon as ice ceased to· flow from the declining Waimakariri 
Glacier, giving rise to another small lake (Glacial Lake Cass), 
south of Goldney Saddle.~ . .\ It is uncertain whether draining of this 
lake required the cutting of the lower Cass River gorge now followed 
by the railway, or whether a rock gutter already existed there. 
Lake silts are exposed beneath fan gravels on the left bank of the 
Cass River opposite Romulus Hill, probably dating from this time. 
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Recent Re-advances and Periglacial Effects 

The cirques and valley heads at high levels in the mountains 
surrounding Cass contain many small moraine loops and some extinct 
rock-glacier accumulations (Fig. 6•1). Some of these are referred 
to small post-Poulter re-advances, in a recently completed study by 
T.C. Chinn (1975), in which the features are related to inferred 
fluctuations of snowline. A variety of other cool-climate features 
including fans, stratified screes, patterned ground of Holocene and 
older date are described in section 6. Some dates are given in 
Burrows, Kelly and Chinn (1976). 

Glacial Features within reach of Cass Field Station 

The following paragraphs are intended to be a brief guide to 
some examples of glacial deposits and related features that may be 
seen within easy walking distance from road or railway. The nature 
and origin of these features are described in general textbooks 
on geology, and more fully in "Glacial and Quaternary Geology" 
(R.F. Flint 1971) and "Glacial and Periglacial Geomorphology" 
(Embleton and King 1968); both books are available in university 
libraries. 

Glacial tiii, though not abundant, can be seen resting upon 
ice-worn rock surfaces at several places along State Highway 73 
between the Mount White Road :}unction and Bealey, and also in 
railway cuttings between Lake Sarah and St Bernard Saddle. Thick 
depo$its of well compacted till of Poulter age are a~sociated with 
unevenly-stratified sands and fine gravel typical of sub-glacial 
stream deposits in excellent cliff exposures where the Waimakariri 
River cuts through the main end moraine near Poulter River junction. 
Glacif luvial outwash grave is may be seen in the old ballast pit west 
of the railway at St Bernard Saddle, but are not well exposed 
anywhere nearer than Avoca. Here, the full thickness of' 
Blackwater-II outwash is exposed in actively eroding gullies near 
the mouth of Puffers Stream. lake deposits were mentioned earlier; 
a sedimentological investigation of material from a former 
ice-margin lake near the main Poulter end moraine (grid. ref.: 
S66/345120) was described by A.J. Pearce (1967); B.Sc. Hons 
Project report, Department of Geology, University of Canterbury. 
It records, in sequence, the ponding of water by the glacier, 
infilling by lake silts succeeded by deltaic sand and gravel, 
and the beginnings of slumping and collapse when ice-support was 
removed. Deltaic deposits in the post-Poulter Lake Cass are 
exposed above the railway in a cutting 1.4km north of Cass station. 

Large boulders, left stranded by receding ice, are common on 
upland surfaces between Craigieburn station homestead and the main 
Waimakariri Valley. Being composed of rock that could have been 
derived locally and thus not necessarily ice-transported from 
another catchment, they are not strictly entitled to be termed 
erratics. 

The morainic ridge system of Poulter age, extending from 
Lake Grasmere almost continuously to the Poulter River mouth, 
demonstrates most types of foterai moraine, end moraine and associated 
features. On the downstream side of the main end moraine west of 
the Waimakariri River near the Poulter River junction one may 
study a variety of features that resulted from the dumping of 
englacial and superglacial rock debris by a stagnating glacier. 
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Occurrences of medial, moraine at Sugarloaf and on Long Hill ridge 
have been mentioned above. Poulter end-moraines near Grasmere 
station homestead have been buried first by the fan of Ribbonwood 
Creek·and later by a rockfall and debris avalanche ·from the slopes 
of Baldy Hill.. 

r-

{Kame terraces, built of stream gravels deposited by marginal 
meltwater torrents, are well exemplified by a persistent pair of 
terraces along the lower slopes of Mount Binser, grading down 
towards the Poulter end moraine] The gravels are exposed along 
Mount White Road. Nu~erous small, discontinuous kame-terrace 
remnants occur immediately downstream from Poulter River mouth. 
More extensive terraces (not to be called kame terraces, because 
they were not--formecfTn the ice-margin situation) \have been eroded 
out of the thick outwash gravels from the Blackwater advances on 
both sides of Slovens Stream south of Craigieburn. The floor of 
this valley, upon which the railway runs from St Bernard Saddle 
(top of "Cass Bank" in railway!llan's terms) to Avoca, tstyirtually 
c1n uneroded glacial vaZley--:-tl"ClfrtC su:r:face t.hi:it has escaped post- . 
Poul te!" 9Jsis;ect.i:9n. Lt-was valuable to th~~~aIJway-=-1:>)ifiders in 
providing a welcome stretch of favourabJ.~gradients and easy 
construction.• South of Lake Grasmere, a Poulter valley-train 
surface plunges beneath Lake Pearson. The equivalent surface in 
Slovens Creek Valley becomes unrecognizable a few kilometres beyond 
Craigieburn station. In the main Waimakariri valley, the Poulter 
outwash surface intersects the present valley floor approximately 
at the Esk River junction. 

Lakes are present in the region around Cass today for a 
variety of reasons connected with the climatic history of the area 
(Gage 1959). For example, Lakes Grasmere and Sarah are enclosed 
partly by moraine, partly by ice-eroded rock and partly by post
glacial fan-building; Marymere can be regarded as. a form of kettle 
Zake occupying a hollow due to the ~elting of a slab of dead ice 
that_l1ad been_buri~c:l._by gravel during the final Blackwater -
re-advance. Lake Pearson lies within one of the major 
distributary-glacier valleys, but its presence is due essentially 
to fan-building. Simple rock-basin lakes are absent, but Lake 
Hawdon occupies an eroded rock hollow plugged at the northern end 
by modern alluvial sediments and peat. 

Most of the classic geomorphic expressions of glacier erosion 
are repre~ented, especially in adjacent areas of Arthurs Pass 
National Park. Cirques are to be seen ubiquitously on the upper 
valley walls. Transfluenae aoZs at· Betwixt and Pylon Gully have been 
mentioned; Arthurs Pass itself is a splendid example of a col which 
conducted a large flow of ice across the topographical divide from 
the West. The rounded, hummocky rock surface at Goldney Saddle 
between State Highway 73 and the Cass River gorge illustrates ice
modelled mammiZZated topography particularly well. Although the 
Waimakariri itself is a broad, open valley, most of the larger 
tributaries between Cass and Arthurs Pass exhibit the classic 
steep-walled trough profile. Smaller branches of the major 
tributary rivers tend to drop rapidly through narrow rock gorges 
from broad upper reaches which were strongly discordant with the 
main valley at the time of final deglaciation. Few good 
illustrations of the classic hanging vaUey discordance have survived, 
attesting to the vigour of post-glacial notching and re-grading by 
streams. Among the best and most accessible hanging-valleys are 
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those occupied by Sudden Valley, Temple Basin and Punchbowl Stream. 
Multiple steps in the longitudinal valley profile are shown 
moderately well in the valley descending from Dome ridge directly 
towards Bealey. Ice-worn valley walls are discernible at many 
places in the upper Waimakariri valley, especially near Bealey and 
east of Anticrow Stream. 

The slopes of Black Range opposite Bealey River,· overridden by 
the Poulter Advance, demonstrate in a striking manner the 
initiation of post-glacial consequent drainage upon a freshly ice
moulded surface. The extent of downcutting by Broad Stream, Bruce 
Stream and Cass River since the departure of Poulter ice raises 
questions about the tempo of stream erosion in greywacke rocks 
under these circumstances, for it seems improbable that the lower 
rocky gorges of these streams existed in pre-Poulter times. 

The Cass area provides opportunities for studying the relative 
degree of preservation of landforms that have survived from 
different Late Pleistocene ice advances. Within the Cass Basin, 
all features at lower levels must post-date the Poulter Advance, 
suggesting that they have been subjected to non-glacial erosional 
processes for ·something like 13,000 years. In Slovens Creek and 
along the Winding Creek distributary channel beyond Lake Grasmere, 
however, the time available for modification by weathering, frost 
process, stream dissection and fan-building has been greater by 
about 10,000 years. Some differences are readily discernible by 
eye,. but more precise studies are desirable. 
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6. THE GEOMORPHOLOGY OF THE CASS DISTRICT 

Jane M. Soons 

The form of the Cass District owes much to its geological 
structure, and the broad outlines of lowland and mountain frame 
are dependent on a history of faulting and differential uplift, 
but the details of the landforms, their slopes and'disposition, 
reflect the history of modification by denudational agents 
occurring along with and since the major tecto~icmovements. 
In many cases these processes of erosion and deposition are 
continuing at the present day much as they have in the past, 
although the frequency and intensity with which they have operated 
has varied. 

The biggest single event to affect the area, comprising a 
group of processes capable of modifying the land surface, was that 
of glaciation. This has been fully discussed in section 5, but it 
must be emphasised that much of the present form of slopes in the 
area resulted from the passage of ice through it. The effects of 
glaciation included the development of slopes which were over
steepened in terms of non-glacial conditions, and the deepening 
of the basin below the level of the present floor. Glacial and 
fluvio-glacj.al deposits have filled in parts of the rockcut: 
valleys--and basln, and these were, in p·art, the source of gravel 
for, and the base of, many post-glacial depositional landforms. 

Postglacial Events in the Basin and the Age of Some of the 
Cass Landforms 

Mountain areas, pa~ticularly those which ha~e resulted from 
geologically recent tectonic activity, as is the case with the 
Southern Alps, commonly show landforms of _no great age· in 
geological terms, and sometimes even in terms readily 
comprehensible to human beings. The high relief provides high 
potential energy for erosive agents, and the orographic effects 
on climate usually mean that there is abundant precipitation and 
a wide temperature range to ensure a variety of very active 
erosional agents. Around Cass it is unlikely that many traces of 
landforms dating from the early Pleistocene remain, and probably 
there are few which can be safely attributed to the early part of 
the Late Pleistocene, to which much of the known evidence of ice 
adv~nces in the area belong. Frost action during and since the 
later glacial advances has probably so modified the greywacke 
slopes of the ranges that early glacially-eroded topography has 
been destroyed, and only surfaces over-run_by late:i::a_dya_n_ce.s, i;rnch 
e,s theslopes of Mounts M:i.sery and Horrible, ~Qldney __ B..a..ddle and ___ , 
the isolated knobs of Romulus and Remus still show the forms 
(r!:!_g_g_§_d or S.ID_QO:-th) resul tirig from direct Ice action (F.i.g .-6- 1} • 
Even the largeY va11·eys are probably significantly changed from 
the shape imposed on them by moving ice._ The period since the 
retreat of the Poulter ice has been marked by great denudational 
activity and modification of pre-existing forms. 

The relationship of the alluvial fans in tpe Cass basin to 
the Poulter and earlier moraines demonstrates that the fans are 
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of largely post-glacial origin.) Some, such as that of the 
Ribbonwood, and those around Lake Pearson, probably began growing 
pefore or contemporaneously with the Poulter Advance, but the way 
in which the Ribbonwood fan clearly overtops the Poulter end
moraine shows tha't its formation continued after the retreat of 
the ice. The fans built by the small streams from valleys in the 
Sugarloaf - Cass Hill ridge can only have been built after the 
basin had become largely, if not entirely, ice-free. This applies 
also to the.fan of the Cass River, with the added constraint that 
construction could not have been completed until after draining of 
the lake which, after retreat of Poulter ice, filled the lower 
part of the basin. Over in the Waimakariri Valley, the fans of 
the Hawdon and Andrews streams are also of Poulter or later age, 
the fan of the Andrews and the Poverty stream further east being 
of particular interest in that they show clearly evidence of being 
built out against the wasting Poulter glacier, and before Glacial 
Lake Speight developed (Gage 1958). Sharply truncated, steep
sloping fans on the north-east side of the Cass Hill - Sugarloaf 
ridge may have had, in part, an ice-contact history, but their 
truncation is probably mainly due to vigorous erosion by. the 
Waimakariri River. 

The large size of the fans around Cass, and their 
· demonstrably recent origin, raises some questions concerning the 
source of the gravels of which they are formed, and of the amount 
of erosion which must have been performed in the contributing 
valleys. Calculations made by Owens (1969) on tentative but not 
unreasonable grounds, suggest that the volume of the material in 
the smaller fans - e.g. the Chilton Valley fan - roughly equals 
the volume of the valleys from which they are derived. The 
inference is that many of the smaller valleys leading to the Cass 
basin are of strictly post-glacial origin, and thus very new 
features in the landscape. Larger valleys, such as that of the 
Cass River,·must have presented a very different appearance during 
the Poulter Advance from that of today. They were probably not so 
deeply cut, and may have been left hanging above the basin floor 
when the ice retreated. The present sharply-cut valleys 
immediately upstream of the modern alluvial fans may well be 
entirely post-glacial in origin. In the case of the Cass River 
it is possible to recognise a wedge-shaped cut, extending 
approximately 2 km upstream of the apex of the fan, and measuring 
some 50 m deep and 2 .- 300 m wide at its downstream end, which 
appears to be the post-glacial river cut. Above it the valley 
sides flare out at a gentler angle, and mark the modified slopes 
of the Poulter and pre-Poulter valley. Similar cuts may be more 
or less readily recognised in other valleys in the area, and 
testify to the rapidity and effectiveness of post-glacial eros_ion. 

The time available for such erosion is subject to varying 
estimates, but has a maximum length of 11,000 - 15,000 yrs, 
depending on when it is assumed that ice vacated the adjacent part 
of the Waimakariri Valley. It is unlikely that the erosion was 
evenly spread throughout this period. During and immediately 
after the retreat of the Poulter ice the combination of a climate 
which was still relatively severe, probably with a rainfall higher 
than that of today, and of a limited or non-existent vegetation 
cover, plus the presence of hanging valleys and other 
irregularities in valley profiles left by the retieating ice, 
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must have meant that for some time stream, frost and wind erosion 
were intense. Much of the valley cutting and fan formation may 
have taken place within a few hundred years of the disappearance 
of glacier ice. Improving climatic conditions and vegetation 
cover would result in a gradual reduction in erosive effective
ness, until a tempo not greatly different from the present day was 
established. 

Present Erosion Processes 

Following the disappearance of ice from the area, a variety 
of subaerial processes of denudation have become dominant in the 
modelling of the basin. These fall into three main groups -
mass-movement, fluvial, and small scale slope processes - but the 
dividing line between them is by no means as clear as it may seem 
in principle. The evidence of fluvial activity is very obvious 
as soon as the basin is entered, the large alluvial fans, by 
which it is floored and margined, impressing the observer almost 
as much as the surrounding mountains. Streams in the basin are 
typical of those throughout the Southern Alps, with braided 
channels winding across extensive gravel beds, which may be dry 
in summer and muddy torrents after heavy rain and snowmelt. 
In times of flood these streams, heavily laden as they are with 
fine silt and moving sizeable boulders along their beds, resemble 
the debris flows which occur in the steep, narrow gullies on the 
mountain sides. Both streams and debris flows owe much of the 
debris that they transport to the activities of a number of less 
spectacular processes operating over the slopes, particularly 
those which are controlled by frost action. 

Analysis of the slopes of the Cass Basin (McArthur 1964) has 
shown that they are very uniform, with a median value of 28.5°. 
A plot of the distribution of slope values in a large sample taken 
from the whole basin shows two peaks, at 2° and 32°, which appear 
to represent the sharp distinction between the low slope angles of 
the large valley floor fans, and the steep mountain sides. Some 
of these mountain sides McArthur identified as 'Richter slopes', 
i.e. rock cut with only a thin veneer of weathered material. 
Such slopes have an average value of about 35°. Others, however, 
are mantled with a slope deposit, usually a stabilised and 
stratified scree, ,increasing in thickness from below rocky out
crops on the upper parts of the slope. These are only a little 
less steep, on average, than the Richter slopes. The narrow 
gullies found on the mountain sides are usually incised into this 
mantle, and may be 5 - 10 m deep as they approach the valley floor. 
The material forming the deposit is usually angular, and variable 
in particle size (McArthur 1964) and has been attributed to frost 
action under periglacial climatic conditions (Soens and Rayner 
1968). A recent analysis of similar deposits in the Porter's 
Pass area has shown an important admixture of weathered silts 
apparently of windblown origin (Harris 1975), and this finding 
may well be applicable to deposits in the Cass area also. 

The development,high on mountains,of rock debris prised from 
bedrock by frost and its gradual mqvement downhill under the 
impetus of vigorous freeze and thaw was most active in glacial 
times but continues to the present. It has resulted in the convex 
profiles of some mountain tops (Baldy, Purple Hill). Associated 
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with the frost processes are areas of patterned ground on the 
mountain tops - stone stripes, polygons, stone-banked and 
vegetation-banked terraces. In the high cirques of the district 
(Fig. 6•1) are small moraines formed at intervals during the 
Holocene (Chinn 1976). It may be inferred that frost processes 
were more active during these periods of minor glacial activity 
than they are at present. 

Modern scree slopes are well-developed in the basin, and 
occur on all of the slopes rising above the bush line. They are 
acti ve.ly forming, and in some cases are extending downslope on to 
adjacent vegetated areas. Fisher (1948) described the Baldy Hill 
screes and there is more about them in section 12. Not always 
developed below significant rock outcrops, it must be assumed that 
the fragments contributing to the scree are derived either from 
the underlying, readily shattered greywacke near the top of the 
slope, or from reactivation of the formerly stabilised stratified 
screes. A relatively recent origin for some of the screes seems 
probable, since at their lateral margins isolated clumps of snow 
tussock or mountain beech may occur, suggesting a former more 
extensive cover of these plants. Destruction of this cover was, 
in many instances, related to the period of extensive vegetation 
destruction marked by the widespread occurrence of charcoal in the 
upper soil layers in the high country, dated at 500-800 yr B.P. 
(Molloy 1969). Further extension of screes may well have been 
associated with the policy of burning which accompanied European 
sett.lement of the area. McArthur (1964) notes that these modern 
(unstabilised) screes are on average slightly less steep than the 
older slope deposits, with slopes of 31.5°. Other screes are 
ancient. Screes must always have been a feature of the greywacke 
mountains, being especially prominent in glacial times and less so 
in interglacial. 

Mass-movement Processes 

Landforms resulting from mass-movement do not occupy a large 
proportion of the surface of the Cass Basin, but mass-movement 
processes on a medium to small scale are common, and contribute 
significantly to the overall character of the area. Mass-movement 
implies a downslope movement of rock and weathered material, in 
which gravity is the dominant factor, and discrete transporting 
agencies such as wind, or running water, are not involved. Water 
may be, and usually is, involved as a lubricating agent, and is 
important in adding weight to a mass of material which is other
wise in equilibrium with its environment. Landslides are among 
the better known examples of mass-movement phenomena, and one 
major example in this general category is known in the Cass Basin. 
This is strictly a rockfall/ debris avalanche, and occurs at the 
base of the northeastern face of Baldy Hill, having moved from the 
broad scree running from the summit of the hill, to end as a 
formless mass of debris on top of the Poulter moraine (Fig. 6•1). 
Levees run alongside the lower part of the track of the slide, but 
the general form is not easily recognised at close quarters, and 
is best seen from the opposite side of the valley where the 
avalanche debris can be easily distinguished from the moraine. 
The slide may have occurred in the immediately post-glacial period, 
as a result of the disappearance of the support offered to the 
slope by the ice of the Poulter Advance (McArthur 1964). 
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Other landslides occur in Broad Stream, Rivendell Creek, up 
the Rawdon River in a valley emerging from the Savannah Range and 
in the cirque-like basin beneath Mt Binser on its south side 
(Chinn 1976, Fig. 6•1). Some of the landslides almost certainly 
have a seismic origin and many small landslides and rockfalls in 
the upper Rawdon - Poulter River areas occurred during the Arthurs 
Pass earthquake of 1929 (section 4). 

/ / A form of mass movement which marks a transition between the 
(broad group of mass-wasting processes and those associated with 
· .. flowing water is of some importance in the Cass area. Already 

ment1oned, this is the debris flow. Most of the gullies scoring 
the flanks of the hills surrounding Cass show signs of use and 
development by such flows, and the more steeply-sloping alluvial 
fans, such as those around Lake Pearson, are commonly decorated 
by the levees and lobes of flows which have moved down their 
parent valleys. It is probably only the largest streams, such as 
the Cass River, with correspondingly lower angle fans, which are 
not at times replaced by a flow in which the volume of water is 
exceeded by that of the solids being transported. A number of 
fans are compo·site, such as that with its apex in Chilton Valley. 
Here the upper part of the fan is crossed by levees and boulders 
which can only have been transported by mass-movement, while the 
lower parts of the fan are more typical of a normal alluvial fan . 

. Studied in some detail by Brundall (1966) the debris flows 
of the Cass Basin conform fairly closely to a common pattern. 
Observations of their actual occurrence are rare, but they have 
been described as moving at about walking pace, with a convex 
upper surface. Bushes in their path may be pushed aside, but 
unless completely buried are not usually so damaged that they 
cannot survive, albeit in a position other than that of natural 
growtlf~:;;?".'." Particle size is highly varied, ranging from silts and 
sands to substantial boulders, 1 - 2 m in diameter. These last 
may be rafted on the surface of the moving mass. Little or no 
stratification can be observed in the deposit although some 
streamlining of debris at the surface has been observed on a 
recent flow. This was destroyed during the succeeding winter. 
Rate of movement appears to diminish as the flow moves out of its 
parent gully on to a more gently sloping surface, and the 
deposition of coarser elements begins. Levees are formed, as a 
result of friction at the margins of the flow, while the central 
part continues downslope. The lobate front of the flow eventually 
halts, as a result of friction and reducing slope, and may be 
overtaken by more liquid material from behind with a smaller grain 
size. A series of lobes, margined by low levees, may thus be 
formed at the lower end of a large flow, each composed of finer 
mat~rial than the next upstream. A fine, large example of a 
lobate, steep-fronted flow was formed during one storm in the 
early 1970s, at Shingly Creek, near Broad Stream. The front is 
composed almost entirely of angular pebbles and cobbles. 

Brundall (1966) calculated the volume of material that has 
been moved by some of these flows,. and it is clear that they can 
be most effective, if localised, in moving material downslope. 
The long, straight gully running down the south-west face of 
Sugarloaf to Lake Sarah has carried an estimated 3500 m3 of rock 
waste, while other gullies in the basin have moved an average of 



85 

almost 1000 m3 • The significance of these figures is of course 
dependent on the frequency with which flows occur, and the period 
of time over which they have been occurring. Brundall notes that 
a number around Cass formed between 1948 and 1960, while others 
are older, appearing after 1870. 

Many appear to be more ancient. Some of those along the 
west shore of Lake Pearson post-date Polynesian fires there. 
Exposed in the road-cuts is evidence that flows buried soils and 
charcoal and it is likely that they occurred very soon after 
forest destruction. Others, forming hummocky fan surfaces such 
as that from Purple Hill to the east shore of Lal<.e Pearson, may 
date from retreat of ice from the area. 

Frequency of debris flow occurrence within the gullies aiso 
varies, some showing no recognisable change over a long period of, 
time (i.e. during a period for which photographic records are 
available) while others, such as the larger of the two gullies of 
the west face of Sugarloaf leading into Chilton Valley, seem to 
carry flows at intervals of a few years. 

The precise conditions under which debris flows will occur 
are not well-known, and as with so many processes in the natural 
environment, it seems probable that a complex interaction of 
variables is involved. Unusuall-y--hea.lz:¥_ rain will initiate 
movement. ___ iJJ. most, if not all, of the gullies in an area that it 
affects. Thusl.n February 1966, the area around Flock Hill 
homestead experienced a storm of 75 nun of rain in one half hour. 
Debris flows occurred in virtually every gully on the flanks of 
Purple and Constitution Hills. On other occasions, observations 
in Chilton Valley established the rainfall amounts associated 
with small debris flows, and demonstrated that these amounts had 
(and have since) been exceeded without other flows occurring. 
It is therefore probable that, as Brundall (1966) suggested, the 
occurrence of flows depends not-only on a certain level of 
precipitation, possibly concentrated in a limited period, 

\ resulting in the saturati-on__of the ma~l ~--a'-:[19.w-,---but 
\ also in t:h~_:er_l?._~1:nce _ i_i:t __ ~_g_y].._tx_~f a sui tabie __ ~_gJi_an-t-i1:y of_ JSUch 
\Jmaterial. This niay-ne provided by-a~·vari~ry-of agencies, such as 
)thetactTon of needle ice on the gully walls, or by snow 
avalanches, which not infrequently follow gullies, and may leave 
piles of rock debris in the channel if they fail to reach the 
valley floor. · 

While the association of deep, narrow gul!J_e.Et._with d~,s 
;, f J..Qwe is clear ,--a-n-d--frequently-demonstra:·t:ed, £he way in which the 
'gullies are formed has not yet been established. - Breaching of 

the vegetation cover seems a necessary first step, and Brundall 
has described how many of £he gullies in the Cass area developed 
following the early history of burning and overgrazing. Whether 
the first breaks in the cover,result from cutting of the turf by 
the hooves of stock, frost action, or by surface runoff or the 
sloughing of the turf cover in unusually heavy rainstorms, has not 
yet been demonstrated. 

Small-scale Processes 

On a much less spectacular scale, but at the same time 
,probably affecting a much wider area, is the slow, steady movement 
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known as soil creep. This is the movement of a soil cover down 
the direction of steepest slope, and is not detectable by direct 
observation. It may be indicated by tilting of fenceposts and 
telegraph poles, or by the deformation of woody plants. Measure
ment over a period of weeks or months is possible using 
appropriate techniques, and these have been employed in Chilton 
Valley, a small valley on the western flank of Sugarloaf. In 
this study Owens (1969) was able to demonstrate that the upper 
5 cm of soil moved slowly downslope., the most important control 
of movement at sites which vary in slope and aspect being the 
winter freezing of the soil. This contrasts with studies made in 
other environments outside New Zealand, where the main control of 
movement has been shown to be alternate wetting and drying. 
In both cases, however, the real control of movement appears to 
be the e~pansion of the upper layers of soil caused either by 
freezing or by the addition of moisture, and the settling of this 
layer downslope of its original position, under the influence of 
gravity, when conditions are reversed. Amounts of movement 
measured by Owens averaged 1.1 cm/yr. While not in itself a 
large value, over a period of time of the order of 10 3 years, 
movement at this rate would give a significant down-valley 
transport of the soil cover. The measurements, taken on slopes 
ranging from 16° to 34°, may be regarded as representative of 
values to be found over most of the valley-side slopes of the 
Cass Basin, where tussock and related subalpine herb vegetation 
occur. 

Another process dependent on the freeze-thaw mechanism, and 
resulting in downslope movement under gravity, is that of needle 
ice formation. In the frequent high country winter conditions 
of strong radiative cooling under a clear night sky, asbestos
like ice crystals develop immediately under the surface layer of 
soil on any unvegetated patch of ground. The precise conditions 
under which development takes place, and the consequence of this, 
have been fully discussed in the literature by a number of writers 
(see Soens and Greenland 1970, for a discussion). Essentially, 
soil moisture is drawn towards the freezing front formed as the 
uppermost layer of soil particles, 0.5 - 1.0 cm deep, is cooled 
below o0 c. Freezing of this water releases latent heat and 
maintains the freezing front at the upper surface of the soil, 
which is raised as the ice-needles grow by accretion at the base. 
After a night of freezing, the needles may be between 1.0 and 
15 cm long, depending on local conditions of water supply, and 
the surface soil particles and small rock fragments will be raised 
by this amount. Melting of the needles occurs with a temperature 
rise at the soil surface, usually as soon as sunlight falls on 
them, and the raised soil particles fall downslope. Movements of 
as much as 80 cm over a two week period have been recorded on 
experimental plots in Chilton Valley. As well as the falling and 
rolling of larger stones, the general downslope movement is 
increased by the sludging of the\ soil surface, saturated as it is 
by the water released by the mel~ing ice needles. Like soil 
creep, the effect of needle ice is widespread, and will occur on 
any unvegetated surface other than those of rock, whether the 
surface is horizontal, vertical, or at any intermediate angle. 
Moreover, it will occur frequently, whenever freezing temperatures 
are associated with a clear night sky in the winter season. It is 
thus particularly important in providing loose material which may 
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later be involved in other denudational processes, and in 
preparing surfaces for the operation of other processes. 
Revegetation of surfaces affected by needle ice is difficult, 
since few seedlings can withstand the amount of lift resulting 
from the ice crystal gr,owth. Natural revegetation occurs by 
invasion from the sides of bare patches, provided that these are 
not steep, vertical banks. Otherwise it occurs when the surface 
is reduced to a lag pavement of pebbles. Artificial revegetation 
programmes must therefore aim at establishing a cover during the 
spring and summer which is so continuous that needle ice 
development under it is completely inhibited. 

Frost action is also demonstrated in the presence of 
patterned ground, particularly of stone stripes, at various places 
in and around the Cass Basin. A good and relatively easily 
accessible example is to be found on the slopes near the summit of 
Sugarloaf. The stripes are formed of alternating bands of coarse 
and fine angular rock fragments, with a spacing of about 10 - 15 cm. 
A close examination shows that these stripes are set into 
corrugations in an unsorted matrix of fine and coarse r9ck 
fragments and silt. Individual fragments are angular, not usually 
more than 15 cm long, and in the coarse bands frequently set on 
edge and lying with their long axes pointing along the line of the 
stripe. In turn this runs more or less directly downslope, and 
vanishes as the slope steepens. A number of hypotheses have been 
proposed to explain the formation of such stripes, and these are 
probably best summarised by Washburn (1973). Some form of frost 
action is certainly involved, such as the differential amounts of 
expansion resulting from the freezing of fine and coarse materials. 
Under favourable conditions needle ice can be observed in the fine 
bands, and absent in the coarse, but it is not clear whether this 
is associated with a causative mechanism, or merely reflects the 
difference in the waterholding properties of the stripes after 
formation. On horizontal surfaces the stripes may be replaced by 
stone nets or polygons, and very temporary areas of such nets may 
be found in winter on suitable surfaces in the basin, such as 
riverbeds and unvegetated flats. On the higher mountain slopes 
stone-banked and vegetation-banked terraces are found where sheets 
of debris, creeping downhill under the impetus of freeze and thaw 
are impeded, forming a terrace with a tread of angular debris and 
a riser of cobbles and boulders or soil with vegetation. 

There is an important element of aspect control on the 
effects of erosion by frost. At times when a sunny face is 
experiencing freeze-thaw cycles and needle ice growth, almost every 
night over a three month period in mid-winter, the opposite, shady 
valley side may have soil surface temperatures which remain more 
or less continuously below freezing point. Here soil creep may 
be a more significant process in downslope movement than needle 
ice. The importance of frost in the high country environment is 
a reflection of the climatic conditions associated with a 
relatively high level of the winter snowline. Snow can be a very 
effective protective covering, preserving the soil and vegetation 
which it covers from the worst extremes of the winter frosts. 
The Cass Basin, in common with wide areas of the high country, is 
largely below the winter snowline, which lies at about 1500 m, 
and is thus exposed to severe winter conditions. Low temperatures 
are intensified by the topography, which favours the development 
of a temperature inversion in the lower parts of the basin. 
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The Effects of Rain and Running Water 

Although casual observation suggests the importance of land
forms resulting from the action of running water in the Cass area 
and elsewhere in the high country, when detailed studies of 
specific forms are undertaken the picture is less gE:!rtain, as was 
demonstrated in the discussion of alluvial faris and gullies. 
Intense rainstorms can undoubtedly cause severe damage to hill 
slopes, stripping off patches of turf which may become the site of 
incipient gullies, or which may remain for many years as unhealed 
and extending scars. At intervals they shift enormous amounts of 
rock debris in gullies and cause major modifications to river and 
stream-beds. A very severe storm and consequent exceptional 
flood in December 1957 was one such cause of major changes to 
portions of the Cass landscape and another occurred in 1947. 
E.C. Percival (in The Flora of Cass, Philipson & Brownlie 1958) 
records that, in the spring of 19 34, a II cloudburst" on the Baldy 
Range caused violent erosion.f'#-The.bouldery bed of the gorge of 
Ribbonwood Creek was covered 'I5y- a layer of gravel so that only the 
top of one boulder was exposed. The debris flows near Lake 
Pearson ~re activated at the same time, blocking the road in 
places;;rjj1):['he relationship of changes caused in such brief and 
widely-i~parated instances of intense erosion and deposition to 
the more gradual changes caused by processes such as frost action 
and soil creep has yet to be quantified. They may set a pattern 
which is then developed and modified by. other, slower-acting 
agencies, or they may be aberrations superimposed on a more basic 
rhythm which re-establishes itself after each interruption. We 
have not enough information yet to readily permit us to decide 
which of these two alternatives more closely approaches reality. 
The purpose of this section and the next is therefore to examine 
the role of rain, running water and wind in the small and medium 
scale, ignoring the unusual event. Some effects of very heavy 
intensive rainstorms have been discussed in the paragraphs about 
debris flows, others are considered briefly in section 14, on 
riverbeds. 

Under what may be described as "normal" conditions - i.e. 
those which prevail for periods of several years - rainfall in the 
Cass area does not appear as a very powerful erosive agent. 
Intensities of rainfall measured in Chilton Valley are not high, 
and during a two-year period of study did not exceed 3 mm/hr for 
97% of the time that rain was falling .. Higher intensities 
remained substantially below those considered to be significant 
in causing soil loss (Soons 1971). However, some downslope 
movement of soil takes place outside the winter frost season, and 
can be attributed to rainfall intensity and amount (Soons 1970). 
Steep and relatively poorly vegetated slopes are most affected, 
and it should be noted that the amounts of soil moved are small 
compared with those moved during the winter season, and attributed 
to the action of frost (Table 6A). Surface runoff, widely cited 
as an agency in the erosion of slopes, has never been directly 
observed by the writer or by other workers known to her in the 
high country, and attempts to measure it suggest that it accounts 
for a very small proportion only of the water balance in the high 
country. Estimates based on Chilton Valley studies suggest that 
surface runoff accounts for not more than 1-3% of precipitation. 
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'rABLE 6A. SOIL LOSS FROM EXPERIMENTAL PLOTS IN CHILTON VALLEY 

Plot 1 2 3 4 5 

Soil loss (gm) winter 
530 76 12 2380 21 

(May-Oct.) 

summer 
310 22 13 409 14 

(Nov. -Apr.) 

Values are totals for six month periods from run-off plots of 
4 m area. 

6 

4 

6 

Plots 1-3 were on a S.E. facing slope, and 4-6 on a N.W. facing 
slope. Plot 4 had no vegetation cover, and Plot 1 was on a 
steep slope with a poorer vegetation cover than those of Plots 
2-3 and 5-6. 

The small importance of surface runoff in "normal" 
circumstances is undoubtedly related to a very significant 
property of the soils in the high country, including those of the 
Cass area. This is their ability to absorb large amounts of 
water, delivered to them at a relatively rapid rate. Measurements 
made by Greenland (1971) and Prestidge (1972) showed that soils in 
Chilton Valley can absorb up to 60 mm of rainfall before field 
capacity is reached. These measurements were intended only to 
establish the water holding capacity of the soils, and did not 
attempt to establish a true infiltration rate. They compare well, 
however, with studies made by Gillingham (1964) of similar soils 
at Porter's Pass, where an infiltration rate of between 9.6 cm/hr 
and 10.6 cm/hr was measured. Ongoing studies of infiltration in 
Chilton Valley indicate that most of the rainfall reaching the 
ground surface moves rapidly through the soil once field capacity 
has been reached, and suggest that much of the flow in stream 
channels is delivered, not by overland flow, but by percolation 
through the soils, slope deposits and alluvial fans. If this is 
the case, little in the way of linear erosional forms produced by 
running water can be expected in the areas away from the larger 
streams. 

Fluvial Processes 

In common with others in the high country, the streams of the 
Cass area have wide, gravel-choked beds, which they occupy fully 
only in times of flood. The Waimakariri is a superb example of 
the braided stream, breaking into multiple channels which tend to 
change pattern with each major flood, although certain dominant 
channels may re-establish themselves in much the same position as 
they occupied prior to the flood. Lesser streams, such as the 
Cass, Hawdon and Andrews, show similar characteristics although on 
a smaller scale, and may largely dry up during the summer. 

All are turbulent and fast-flowing, with steep gradients 
which both restµt from their coarse bedload, and permit them to 
carry it at times of high water. No records have been kept of any 
of the streams, but it is safe to say that flow is very variable, 
with a very wide range between low and high flows. After heavy 
and prolonged rain, especially if it occurs in spring and is 
supplemented by snowme~t:v,even small streams such as the normally 
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innocuous Ribbonwood Stream can become a hazard to the main road. 
At other times the streams are dry (notably during the winter 
freeze or during summer drought). 

fThe alluvial fans of the Cass Basin all carry a good 
vegetation cover, and in the case of those of the Cass River and 
the Craigieburn, a sufficiently developed soil over most of their 
area for arable cultivation. The current channel of most streams 
is, however, little separated in height from adjacent parts of the 
fans, particularly in their lower sectors, so that an abrupt 
change of course to a new channel is by no means impossible in 
future floods. Past changes of course are evident in the network 

_of abandoned channels on most fans, a particularly clear example 
being that of the Cass River, which has in the past flowed south 
of Romulus to Lake Sarah, instead of its present more direct route 
to the WaimaJcariri. Most streams are apparently aggrading, and 
construction of the fans is thus continuing, even if not at the 
same rate as in the past. 

The Influence of Wind 

Soils in the high country, such as those developed on the 
alluvial fans around Cass, do not depend solely on weathering 
of the parent gravels for their composition. A significant 
proportion of the finer constituents of many soils is wind 
derived, and is also likely to be susceptible to wind erosion. 
During strong winds, and particularly in the drying and gusty 
nor'wester, clouds of dust may be whipped away from any surface 
unprotected by vegetation, whether it be river bed, gully, or 
ploughed land. The part played by wind in the pattern of 
high country erosion is a good example of the interaction of 
denudational processes in a natural environment. Butterfield 
(pers. comm. 1971) has been able to show that the effectiveness 
of wind erosion depends on the preparation of an unvegetated 
surface by the action of needle ice. The frost-lifted soil is 
easily blown away by the strong winds in spring, but the process 
is gradually ended as the frequency of frost action decreases, and 
the fines are removed to leave a pavement of fragments too coarse 
to be picked up by the wind. Compaction of the surface by rain
drops also assists in the development of a surface which does not 
offer any great possibility for wind erosion, and which will 
persist through the summer. Renewed wind erosion occurs in 
autumn, when cold nights again permit the growth of needle ice, 
the flattened surface is broken up, and a period of strong 
nor'westers marks the change from summer to winter climatic 
conditions. Obviously, these natural changes may be exacerbated 
by biotic factors. Trampling of the soil by animals will break 
protective crusts and permit active wind erosion. 

Accumulations of windblown silt may be found with diminishing 
thickness on the downward side of obviously wind-scoured patches, 
where tussock and scrub vegetation has served to trap the coarser 
material removed from the scar. Less obvious accumulation of 
finer material probably contributes to soil development throughout 
the high country. 

No long association with the area is necessary to appreciate 
that the erosion processes described are still active, and 
currently contributing to the modification of the landforms. 
Needle ice can be readily observed on almost any fine winter's 
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day, while in dry periods the effect of the nor'wester in sweeping 
up loose material, removing it from one area, and depositing it in 
another, can frequently be seen. To travel through the basin in a 
heavy rainstorm, and see the rapid response of the streams, is a 
good object lesson on the power of running water, and of the 
rapidity with which landforming events may sometimes occur. There 
is some evidence that winter is the more important period of the 
year for most of the erosive processes, but at any season the 
observant visitor cannot but be impressed by the highly dynamic 
nature of the landscape, and become aware that constant change and 
adjustment is a fact of life amongst these 'Everlasting Hills'. 
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7. WEATHER AND CLIMATE AT CASS 

D.E. Greenland 

No small part of the beauty of the Cass Basin lies in the 
ever changing pageant of the skies cons.ti tu ting the day to day 
weather and its long term corollary, the climate. The clarity 
of air following a frontal passage, the crystal quality of a 
cold winter morning, a blanket of silent snow over the basin 
floor and hill side, the balmy quietness of a warm summer 
evening, all make it difficult to point to any one weather 
situation as being most agreeable. Excitement is a further 
quality of the weather at Cass, as witness the power of a 
northwesterly storm or the vigour of a fast moving, southerly 
frontal system. Above all it is the changeability and variety 
of mountain weather experienced at Cass that is one of its most 
engaging qualities. 

It is impossible to describe the feeling of the beauty, 
excitement and variety of Cass weather and climate in the 
printed page. These things must be experienced by a stay in the 
area itself. Rather, it is intended in the following account to 
dissect the weather and climate much as the zoologist would 
dis~ect an animal. First, some elements of the climate of the 
Southern Alps will be examined. These provide the setting for a 
description of the long-term expression of the atmosphere at 
Cass - the macro-climate. ,-Attention is then turned to the 
finer fabric of Cass climate, features such as inversions and 
local wind which go to make up the micro-climat~. Finally, the 
subject of the energy exchanges between the atrn.9sphere and the 
ground in this mountain environment are described since these 
exchang~s add another dimension to our understanding of the 
alpine atmosphere. Throughout this account the limitations of 
our knowledge are painfully apparent. It is possible to dissect 
but not enough to allow a synthesis to be made afterwards. The 
only climatic synthesis so far achieved in this environment has 
been made by the individual plants of the vegetation itself. 
They are more eloquent than all of our statistics (but, 
unfortunately they are influenced, also, by other factors, such 
as fire, soil• and grazing, so they cannot be used as absolute 
indicators, except in a broad fashion, on undisturbed sites). 

The Climate of the Southern Alps 
I 

(IT'he climate experienced at Cass is partially produced by 
the characteristics of the location itself and partially a 
result of the multitude of day to day weather variations of the 
Southern Alps1 The latter are affected by two factors. Namely, 
in the first instance, the geographical location of the mountains 
and, in the second, the climatic peculiarities associated with 
high altitudes and complex topography ,,l Various. writers provide 
accounts of aspects of the mountain weather and climate (Watts 
1950, Kidson 1950, Garnier 1958, De Lisle 1966, 1969, Coulter 
1967, Cherry 1970, Morris 1965, Morris & O'Loughlin 1965). 
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/Located outside the half-way mark between the equator and 
the pole of the Southern Hemisphere, the New Zealand Southern 
Alps are south of the subtropical high pressure zone and north 
of the major core of disturbed westerly winds of the mid and high 
latitudes. Seasonal latitudinal shifts of both these major 
global phenomena bring the Alps more under the influence of the 
westerlies in winter and the high pressure zone in summer•. 
These competing influences manifest themselves in reality in the 
form of an almost regular procession of eastward-moving anti
cyclones/'/ Between each pair of anticyclones there is a trough 
of low pressure which often contains a cold front. The time 
between successive high pressure systems is commonly regarded as 
being about a week (De Lisle 1969) .;,(studies at Cass suggest 
repetitions of certain similar atmospheric events with a 
periodicity of about 4.2 days (Greenland 1971),;i The South 
Island mountain chain influences the large-scale weather pattern 
by sometimes retarding the passage of a front, and often 
creating a low pressure area to the leeward over the Canterbury 
Plains (Bevelle 1969). 

/Wherever they are, mountains always form their own climatic 
characteristics. Mountainoui;:; areas show large variations of 
temperature with altitude~ .. 0,<They are usually subjected to higher 
wind speeds than lowland areas. When cloud cover is absent, 
higher values of solar radiation are received, with those 
radiation wavelengths in the ultraviolet range being especially 
noteworthy.< Air flowing over mountains is quickly cooled on the 
windward side. This leads to condensation and orographic 
precipitation. The dry air travelling down the lee side of 
mountains is warmed to form the chinook or fohn-like winds known 
as no.r-'Wi:J.sters in Canterbury. Cass, in the- heart of the 
Southern Alps, experiences all these peculiarities of mountain 
climates. 

The Macro-climate at Cass 

A good idea of the air temperatures in the area near Cass 
may be gained by comparing monthly mean temperature records at 
the University Field Station itself, in the Chilton Valley, 
and at the Forest Station at Craigieburn (Table 7A). Despite 
certain inconsistencies in the manner of collection of these 
data (see Greenland 1971), the comparison shows a general 
similarity both in annual means and ranges. As expected, all 
the annual means are lower than the 10.7°c mean value recorded 
at Christchurch Airport during 1964-66. Changing temperature 
with altitude is manifested in these records by a decrease of 
annual mean temperature with height between the three stations. 
Table 7B shows the average monthly maximum and minimum air 
temperatures experienced in the Chilton Valley. These are 
indicative of hot summer days and winter nights when frosts are 
frequently experiencedv 

!The high mean and maximum temperatures of the summer months 
are due to the large amount of solar energy absorbed by the soil 
and made available to warm the air. This is especially so when 
there is little soil moisture present in summer to utilize some 
of the solar energy in the evaporation process. The horizontal 
(advective) inflow of warm air has also been shown to be a cause 
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TABLE 7A: COMPARISON OF MEAN AIR TEMPERATURES IN °c IN THE CASS DISTRICT 

Station 

Altitude (m) 

Approx. distance from 
Chilton Valley (km) 

Years of Record 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Year 

Chilton Valley 

780 

1964-68 

14. 3 

16.0 

12.5 

10 .5 

5.5 

2.5 

1. 7 

4.0 

6.5 

8.0 

8.2 

13.5 

8.6 

Field Station 

566 

1 

1961-1964 

14.6 

15. 7 

13.2 

8.8 

5.8 

2.7 

1.6 

3.7 

5.7 

9.8 

11.5 

15.5 

9.0 

Craigieburn 
(Forest) 

808 

13 

1961-63 

14.5 

14.5 

11.2 

8.8 

5.6 

1.7 

1.1 

2.2 

5.0 

9.4 

9.4 

13.9 

8.3 
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TABLE 7B: MAXIMUM AND MINIMUM AIR TEMPERATURES IN °c 
FOR THE CHILTON VALLEY 1964-68 

Month Maximum Minimum 

January 18.5 8.8 

February 20.2 10 .5 

March 19.5 10. 2 

April 14.5 5.5 

May 9.0 1.7 

June 6.5 -1.0 

July 5.7 -2.7 

August 8.0 0.5 

September 10.2 2.2 

October 13.5 4.4 

November 14.0 4.8 

December 18.0 9.5 
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,·"'fJf high summer air temperatures at times when north-westerly 
airflow prevails. The mean and minimum, June, July and August 
air temperatures are not as low as might be expected at this 
altitude and l~titude.X Morris (1965), with reference to the 
Craigieburn site, shows that winter temperatures are markedly 
dissimilar from those of otherwise comparable mountain climates 
in Western Europe and North America. ·0/One reason for this is the 
large amount of heat gained by the air in its passage over the 
Tasman Sea. Another is the possibility that more radiant heat 
arrives at, than is lost from the surface, during the winter 
months (Greenland 1973a) ;v· Defining a frost-free period as one 
in which the screen temperature does not fall below o0 c, Morris 
(1965) found the period to vary from 115 days at 900 m to 
37 days at 1500 mat Broken River in the Craigieburn Range. 
High summer temperatures, and relatively mild winter temperatures 
are therefore characteristic of the macro-climate of Cass. The 
absolute maximum and minimum air temperatures which have been 
recorded in the Chilton Valley are 40°c and -8.5°c respectively, 
but the absolute minima at the Field Station sometimes fall to 
-16°C and the maxima rise to about 37°c. 

Precipitation records have been kept at the Field 
Station since 1918. Up to and including 1965 the average annual 
precipitation was 130 cm (51.2 ins). The variability, as 
defined by Seelye (1941), of 14.91% is relatively high, and 
emphasises the fact that Cass is located in an area of steep 
annual rainfall gradient, between high values in the west and 
low values in the east. Arthurs Pass has more than three times 
the annual rainfall received at Cass and it is often possible to 
see rain clouds west of the Cass Basin while the latter is bathed in 
sunshine (Fig. 7•1). There is only a small variation in rainfall 
at Cass throughout the year (see Table 7C) ranging from 8.9 cm 
in February to 13.0 cm in October. Spring shows a tendency to 
be wettest, while late summer is the driest time. 

Wet and dry periods tend to occur in groups of two days or 
longer with fewer than one third of the wet and dry periods 
occurring as single days. This persistence, largely due to 
synoptic conditions, is important in the complex process of 
wetting the soils and also, to a certain extent, in their drying. 
The wet periods, however, do not have high rainfalls, half of 
them being less than 1.5 cm in total. Rainfall intensities are 
also low. Maximum 24 hour intensities for two and twenty year 
return periods are 8.1 and 16.5 cm respectively. 

Little is known of precipitation in forms other than rain. 
Soans and Rayner (1968) report that snow may be at low levels 
in the Cass Basin for a day or two on a few occasions in most 
winters, but it is unusual for it to persist for any length of 
time. At high levels snow is persistent enough to allow viable 
ski areas in several of the basins of the Craigieburn Range 
(cf. Morris & O'Loughlin 1965). 

From time to time, however, very heavy snowfalls occur in 
the mountains and valleys and the snow may persist for weeks 
on end (cf. Burrows 1976 for documentation of the dates of 
these falls). Not all of the falls affected the Cass area badly 
and David McLeod (pers. comm.) points out _that snowfalls corning 
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TABLE 7C: MONTHLY MEAN GLOBAL SOLAR RADIATION IN LANGLEYS PER DAY AT 
THE CHILTON VALLEY, AND AVERAGE PRECIPITATION 

AT THE FIELD STATION 

Max. poss. Av. rainfall 
at recorder 3 Year % of max. (1918 - 1965) 

Month site 1965 1966 1967 average poss. mm 

Jan. 696 446 485 402 444 63.8 111 

Feb. 586 439 378 500 439 74.9 89 

Mar. 424 316 352 286 318 75 .0 96 

Apr. 252 188 183 193 188 74.5 104 

May 135 107 105 115 109 80.8 124 

June 74 55 44 55 51 68.9 103 

July 115 83 87 78 83 72.l 102 

Aug. 251 150 180 134 155 61.7 105 

Sept. 429 275 266 248 263 61.2 llO 

Oct. 558 348 364 364 358 64.2 130 

Nov. 684 433 399 343 392 57.2 ll5 

Dec. 730 574 453 497 508 69.4 111 
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from southerly directions deposit snow evenly over hills and 
valleys, while those from westerly directions are deepest on the 
mountains and decrease in thickness, progressively, with descent 
onto the valley floors. 

'Wind velocities, from approximately two years data at the 
Field Station (C.J. Burrows, pers. comm.), indicate an 
average annual windspeed of 4.9 m per sec (10.9 miles per hour). 
This may be rather a high value. Three years of data at Camp 
Stream and Nursery Hill stations at Craigieburn (Morris 1965) 
give annual average windspeeds of 2.3 m per sec (5.1 miles per 
hour) and 0.6 m per sec (1.4 m.p.h.}, but the recorders at these 
stations were near the ground where velocities are always lower. 
Observations of wind directions at the Field Station show 

,4::hat winds from the north-westerly quarter are most frequent, 
<, occurring 51 % of the time'~ Percentage frequencies in the other 

directions are:- south-eastto . nort.h-east 16 % , south to south
west 13%, while 20% -of the observations (mainly taken in the 
morning) indicate calm conditions. Clearly, winds from the west 
are most predominant, but, as will be described below, the hills 
may alter the dominant wind flow patterns. 

Only sporadic humidity data have been recorded in the Cass 
Basin. At Craigieburn the average relative humidity between 1964 
and 1966 was 74%, and at this location values of 20% to 30% were 
often recorded during north-westerly air flow. Simila~ humidity 
conditions are expected to occur in the Cass Basin and have been 
recorded, but for short intervals only. 

Sunshine values are .also. unavailable for the Cass Basin 
but considerable information has been obtained on the amount of 
global solar radiation occurring at the Chilton Valley site 

,(Greenland and Clothier 1975). A seasonal analysis (Table 7C) 
\shqws autumn (fe:P~:-May) to have the highest amount of radiation 
within the years 1965-1967. In contrast, spring, and November 
in particular, receives the lowest percentage of radiation. 
If it is assumed that there is an association between cloud 
cover and precipitation, and, in turn, an inverse relation with 
the percentage of possible radiation received/ then there is 
general agreement with the seasonal rainfall distribution, .May 
being the only exception. This would indicate that the 
relatively shprt data period may be representative of 'normal' 
conditions. ,,,For much of the year the Chilton Valley receives 
a similar amount of radiafion to that recorded in Christchurch, 
although during the spring and a large part of the summer, cloud 
and/or increased atmospheric water vapour, give rise to lower 
radiatior1 values in-the mountain location. This result is in 
accord with maps of monthly solar radiation constructed by 
de Lisle (1966) using data in which over half the stations had 
a sunshine record o'f between 20 and 24 years in length. All 
other factors being equal, solar radiati-on values should increase 
w.ith al tituae. · Altho-U~Jeh·such· anc.alti,tudinal ·increase in solar 
ra,_qiation is noted. for Cass in the winter, there appears to be 
a decrease in. the summer- 0·and this is presumably due to high 
cloudiness at this time; relative to Christchurch. 
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The Micro-climate at Cass 

'The wide variety of topography and surface cover existing 
in the Cass Basin lead to a large variety of micro-climates and 
micro-climatic effects within the Basin itself. Among these 
are effects on the wind, humidity and temperature fields, and 
the varia.£Jgn.s. in.J::adiation receipt due to .. topography. The soil 
also produces· its own climate. 

~>flkvid McLeod of Grasmere once said there were only two 
wind directions at Cass, north:=-WeJlt-w,and."s.o,uth:.::J!.g,,S,;!;,.! This may 
be a true generalization £Or-the main basin, but in the 
surrounding hills and valleys it is not the case. Each valley 
tends to channel airflow in the direction of the long axis of 
the valley. This has been shown in the Ch.iJ..±..o.n,ff~lley, for 
example, where the predominant wind directions ax;:e :PQJ;,;i;4,;:;~a$t 
and south-west fqJlowing the alignment of the valley. It is 
also l::cr~oe··expected that isolated hills like Suga;i::-lqc1.£: J::i.a.ve a 
disturbing effect on airflow. The deposition of airborne·· 
materials in the lower wind velocities to the lee of such hills 
may have important implications, e.g. for the accumulation of 
pollen in such areas. Rainfall values also are affected by the 
wind field. Prestidge (1972) reported a tendency for higher 
rainfall values on the south-eastern side pf the Chilton Valley 
under the most common, nor-westerly, rain. '(J:'he wind speeds around 
the Basin are likely to be greatest in the ·Basin itself and high 
on the surrounding hills, and least in sheltered valleys and 
forest areas~ Even the small gully, 200 m to the east of the 
Field Station has its own wind field. Fig. 7.2 shows the 
results of seven sets of wind velocity measurements taken in 
this gully while a north-easterly wind prevailed across the 
surrounding alluvial fan. The sheltering effect of the gully 
is well marked. This gully is also noteworthy for its inertial 
effects on temperature and humidity values. Within the lower 
7 metres of the wind flow across the fan itself, preliminary 
investigations suggest that Deacon's power law best describes 
the increase of windspeed with height. The law states that the 
ratio of the windspeeds at two heights is equal to the ratio of 
the two heights themselves raised to a power which depends on 
the temperature and stability conditions of the air (Sellers 
1965, p.152). Other studies to determine the height above the 
surface at which the wind speed becomes zero, i.e. the so called 
roughness length, suggests that the height or length is about 
9 cm above vegetation of the kind found at the floor of the 
Chilton Valley and is probably rather less out in the Basin 
proper. 

On all slopes around the Basin, local mountain and valley 
and slope winds.occur when the large scale wind does not 
override them. (J)n calm days anabatic winds may be detected, 
blowing upslope at velocities of up to about 2 m per sec. These 
are due to the greater heat,;i:ng of the valley sides compared with 
the valley 'basin floor 'j ipn calm nights katabatic winds of 
cold air draining down the slopes are a regular feature. The 
katabatic cold air drainage leads to frequent inversions 
(temperature increasing with height) occurring in the Cass Basin 
itself. 
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Fig. 7•2 Wind velocities (m/sec) at different times on June 15, 1974 
in the gully east of the Field Station. (After M.A. Kearsley). 
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A study of inversions was made in 1967. In January of that 
year a comparison of temperature over the altitude difference 
(214 m) between the Chilton Valley recording site and the Field 
Station showed·that inversions in the main basin occurred 40% of 
the time with the greatest temperature difference being 6.1°c. 
The development of one of these inversions is shown in Fig. 7•3. 
In winter it is common for inversions to occur with a 10°c 
temperature difference between the two sites~,( Within the 
Chilton Valley itself, over the whole year, temperature 
differences between the top and bottom of the valley showed 
inversions to occur 31% of the time.· Furthermore, air 
temperatures between 12 m, at the top of the recording mast at 
the site, and screen height, showed local free air inversions 
to occur on 57% o:I;, the days between 15 August 1969 and 
14 August 1970. ,During this_period inversions along the valley 
were most frquertt in November (a period of anticyclonic weather) 
and the winter months of May and June, but the cold air drainage 
can occur at any time of the year.\ ~-

The accumulations of cold air in the floor of the Cass 
Basin often leads to the condensation of water vapour which 
then proceeds to fill the Basin with low cloud. This cloud, 
which persists in the morning, is often noted in the Field 
Station weather log when the day is otherwise clear. The sight 
of the cloud in the Basin viewed from the surrounding hillsides, 
and the gradual dissipation of the cloud on a clear morning are 
one of the most beautiful scenes the Cass area can offer. In 
the days of steam trains it was an eerie experience to sit on 
the hillside at night listening to the train pass through but 
seeing only a tunnel of cloud thrown up by an apparently ghostly 
mole. 

Very little work has been done to investigate the micro
climates of the forest areas within the Cass Basin. Many 
studies have been made at Craigieburn, but the results are 
mainly in th. form of internal Forest Service reports which may 
be examined on request. Based oh work in other forest areas 
the following characteristics might be expected to b~ found 
(cf. Geiger 1965). Wind velocities would be greatly reduced. 
Studies in European forests show that 30 m of penetration 
reduces wind velocities by 60 to 80%. Precipitation is likely 
to be reduced within the forest because of interception of 
rainfall on the canopy. Rowe (1975), studying rainfall 
interception by mountain beech (Nothofagus soZandri) trees in the 
Craigieburn Range over a period of six years, found that, of the 
gross rainfall (175 cm per year), some 60% was throughfall, 
about 2% was stem flow and 38% interception loss. It was 
inferred that there was a high rate of evaporation from the 
canopy. However, the study did not take into account 
interception and use of water by cryptogamic plants on tree 
trunks. On the other hand, however, trees are particularly good 
at intercepting cloud or fog particles and in extreme cases 
more precipitation can be gained in this manner, inside, than 
outside the forest. Relative and absolute humdi'!=,ies are usually 
higher inside the forest area. Values of relative humidity 
between 3 and 10% higher are commonly recorded, the largest 
differences being noted in the summer months. The thermal 
environment within the forest is such that extremes are dampened. 
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Daily maximum temperatures tend to be lower, while minimum 
temperatures are higher than those outside the woods. This is 
most marked during the summer months. Distinct variations of 
temperature with height may often be noted and there are 
some local differences according to slope and aspect. The 
distribution of red beech (Nothofagus fusca) on mid and foot-slopes 
at Woolshed Hill, for example, may well result from milder 
temperature conditions there (as well as relatively more fertile 
soil conditions) than on surrounding sites. 

Finally, forest canopies, compared with grassland or scrub, 
are responsible for presenting a different reflectivity value to 
incoming radiation, and absorbing much of the radiation before 
it reaches the ground. Reflectivity (albedo) contrasts are 
particularly noticeable between beech forest and tussock grass
land. They are at their most extreme when the latter is snow 
covered. No measurements of radiation absorption have been made 
in the Cass Basin, but measurements in northern hemisphere beech 
(Fagus syZ-vatica) indicate that up to 80% of incoming radiation can 
be intercepted by the tree tops with only 5% reaching the forest 
floor. 

Great contrasts in solar radiation receipt are noted 
outside the forest areas due to the large variation in slope 
angles and orientation in the area. /{It has been shown for the 
Chilton Valley (Greenland 1971) that in winter months some slopes 
receive no direction radiation while in summer months other 
slopes receive radiation values typical of much lower latitudes 
Within this valley, the vegetation contrast between the 
predominantly manuka (Leptospermum)- covered eastern side and the 
tussock and £orb-covered western side are eloquent of this and 
other climatic contrasts due to varying aspect. 

The distribution of kowhai (Sophora microphyUa), kohuhu 
(Pittosporum tenuifoUum) and pohuehue (MuehZenbeckia austraZis) on 
steep slopes on the north and north-west sides of Goldney Hill 
and Mt Horrible are also likely to result from their very 
favourable disposition toward solar radiation, especially in 
winter. 

Of interest to many studies of the vegetation is the 
microclimate of the soil in the Cass district. Naturally this 
microclimate varies greatly with the aspect, drainage qualities 
and vegetation cover of any particular location. Properties 
which have been found of consequence are soil temperature 
variations and the natural rate of soil drying. 

-/ Soil temperatures are remarkable in that although they may 
reach high values in summer, they seldom fall very low in winter. 
At the recording site in the Chilton Valley, sub-zero 
temperatures are rarely experienced below 50 cm. The typical 
progression of soil temperatures at this site in summer is 
illustrated in Fig. 7•4. This shows soil temperature profiles 
and time or depth sections for the 13 February, the end of a 
long dry spell, and the 15 February, a day of rain. The effect 
of the rain is to lower the extremes of temperature, especially 
at the surface and to decrease the penetration of the daily 
heating wave. ~rn winter, a long dry spell may leave the soil 
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at or near freezing point down to 20 cm (Fig. 7•5) and the 
effect of rain in this case is to progressively heat the soil 
at all levels and allow a return of a normal heating wave 
(Greenland 1969). 

Investigations of moisture in the soil show that rainwater 
may usually be quickly absorbed. In fact, Soons (1970) found 
that it was unusual for runoff to exceed 3% of rainfall in any 
particular storm, and that the figure frequently remained below 
1%. The speed with which a dry soil in the area may be wetted 
is seen in Fig. 7•6. Of most interest in this diagram, however, 
is the rate at which the moist soil dries in summer. Measure
ments using gypsum blocks, both inside and outside lysimeters, 

J,in the Chilton Valley, show that high values of soil moisture 
may be maintained for about ten days but then a rapid loss is 
experienced in the following five or six days. Th~ r2J~ of the 
plants in this process will be mentioneci in the next secfT6fL 
In winter, soil moisture is drawn fo the surface to form ice 
needles on unvegetated sites./ High values of soil moisture, 
and outgoing radiation and low wind speeds promote the growth 
of needle ice from the soil (Soons and Greenland 1970). The 
amount of moisture in the soil at any particular location has 
been found by Owens to be dependent on aspect and vegetation 
cover (Greenland and Owens 1967). Other variations in soil: 
moisture, related to soil organic content and water viscosity 
associated with soil temperature, have been identified 
(Prestidge 1972). 

Energy Exchange at the Surface 

/Both the macro-climate and the micro-climate in the Cass 
Basin are determined by the various flows of energy to and from 
the earth's surface. None of the flows can be seen but it is 
a useful exe.rcise to sit on the hillside and imagine them in 
operation. (The major energy flows are those of radiant heat, 
sensible he~t, latent heat created in the evaporation process, 
and the flow of heat into and from the soil . 

. The resultant of upward and downward flows of both long-
and short-wave radiant energy, to and from the surface, is 
called the net radiation. Net radiation is one of the most 
important parameters for botanical studies since it represents 
the energy that is actually available to plants. ;A high day to 
day variability of both net radiation and its component flows 
has been found for the Cass area in a study in the Chilton 
Valley (Greenland and Clothier 1975). Monthly mean values of 
net radiation during the period 15 August 1969 to 14 August 1970 
varied from 9 langleys (ly) per day in June to 269 ly per day in 
November. The average for the year was 136 ly per day. One 
langley is one calorie per square centimetre (1 ly/min = 0.6975 
KW/m2 ) •.. Net radiation and the amount of solar radiation able to 
be absor&id by any particular surface is partially determined by 
the reflectivity or albedo of the surface -,i (Measurements of 
albedo at noon at Cass for various vegetation types and surface 
covers ranged from 10.2% to 19.0% under normal conditions, with 
the value for tussock cover being 13% to 18% .) During the winter, 
with snow cover or partial snow cover, albedo values proved to 
exceed 50%. Estimates of long wave. radiation (in the order of 
about 5 microns and larger) indicated that the flow of radiant 
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energy emanating from the earth's surface itself, valley floor 
and hillside, and from cloud cover in the atmosphere, is 
relatively large in this location. The downward long wave 
radiation may help to explain the relatively mild temperatures 
in winte). 

Net radiation usually represents a gain of heat to the 
surface during daylight hours, with the exception of certain 
winter days. }(At Cass the largest proportions of the heat gain 
is lost in e~aporation (or evapotranspiration where plants are 
involved)•' Evaporative heat loss, in the same period as above, 
averaged 82 ly per day and varied from 9 ly per day in June 
(the total net radiation) to 151 ly per day in January. Larger 
values might well be experienced, given more adequate soil 
moisture conditions. It is most probable, however, that soil 
moisture deficits are experienced for periods of varying lengths. 
during the summers of most years. The nature of the soil drying 
curve (Fig. 7•6), certain aspects of the application of Penman's 
formula for evapotranspiration, and the physiology of many of 
the plants themselves, with their sunken and hidden stomata, all 
suggest plant resistance to evapotranspiration. This leads to 
evaporative heat loss rates below their potential value, and 
this may well be a natural and normal occurrence in the Cass 
area. Data on evapotranspiration for one year, with slightly 
below average rainfall,(indicated that about half the amount of 
incoming precipitation at Cass is lost by evaporation) Because 
there is little runoff, most of the remainder must tfavel as 
subsurface flow through the porous soils and any porous rocks 
which might exist. 

Although values of sensible heat flow have never been 
directly measured at Cass, estimates suggest that for most of 
the year they are slightly smaller than those of evaporative 
heat loss. They can, however, be the largest source of heat 
loss at times of soil moisture deficit. The possibility of 
transfer of sensible heat from the air towards the surface in 
winter has also been noted 

~Soil heat flow is quantitatively the smallest of the energy 
exchanges at the surface. It has been shown to follow the 
expected annual variation of net flow from the surface down 
into the soil in summer and the reverse in the winter months. 
Moran (1971~ demonstrated that the variability in soil heat flow 
within a given area is largely a function of the differential 
shading of that area by taller vegetation, the differences in 
magnitude of the soil heat flow at different locations tending 
to be amplified as the heat flux intensity increases. 

Overall, the energy exchanges at the surface in the Cass 
area show the following important features. A high day to day 
variability is noted in both .. the energy flows and parameters 
associated with the flows. tbi urnal and annual cy~,les are well 
marked and evidence exists for other periodici tie'~-. .Synoptic 
weather systems affect the values of the energy flows (Greenland 
1973b) ·) ;,Similarities of energy flow response ~re seen in anti
cyclon:i:'c and north-westerly airflow conditions), but the passage 
of a southerly front, and the air flow that follows, can give 
rise to a variety of energy flow situations. A comparison with 
the annual energy exchanges of other world stations in broadly 
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/similar geographic locations shows that the energy exchanges 
"'"near Cass {Fig. 7•7) are generally similar. However, the 
possibility of a surplus net radiation balance in winter, and 
of high values of sensible heat flow away from the surface in 
summer, are characteristic of the surface energy regime of this 
location 

Future Work 

... An outline has been given above of the bare features of the 
climate of Cass. Compared with many mountain locations in New 
Zealand a large amount is known of the climate here. Yet what 
is known is only a small proportion of what is necessaJ'.'.Y to 
discover, even for the most rudimentary of practical purposes 
(Greenland 1974). In the hydrological parts of climatology, 
high priority should be given to the establishment of the rates 
of infiltration and subsequent water paths. An examination of 
plant resistance to evapotranspiration processes is required. 
So also is the specification of the role of advective heat, the 
direct measurement of net radiation in winter, the role of long 
wave radiation and an investigation of methods of retardation 
of needle ice growth. Longer climatic records are required for 
studies of climatic change and other factors. In addition, 
almost every study so far completed has listed the requirements 
for further work. It is to be hoped that some of the persons 
reading this book will be moved to make such inVestigations. 
In such a case not only will a climatic synthesis be brought 
closer to realization but the individuals involved may be 
assured of the experience of atmospheric beauty which is just 
part of the beauty that is Cass. 
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APPENDIX: CLIMATE RECORDS FROM THE CASS FIELD STATION 

Rainfall records for the Field Station have been kept since 
1917. Visits to the Station, and thus recording times, are 
irregular and often overlap the beginnings and ends of months. 
The intervening amounts of rainfall have been allotted to months 
on a proportional basis, so that monthly averages lack precision. 
They are indications of trenqs in rainfall, however, and the 
annual totals are accurate. The gauge, until 1964, was a copper 
one with standard funnel set at about 30 cm above ground level. 
It was noted that the annual totals from 1961-1964 showed 
marked deviations from values for Grasmere Station and it was 
found that the gauge had had a leak at the top which allowed 
entry of excess water. The values for this period must be 
discarded. The gauge was replaced in 1965 with one made of 
galvanised iron. The Station was shifted some 30 m, in 1975, 
to make way for the new building. Unfortunately, all of the 
climate records from 1965 to 1975 have been misplaced (hopefully 
temporarily). Values for rainfall for the Grasmere gauge are 
inserted for the period 1961-1974. 

Temperatures have been recorded at the Station since 1960 
and the records suffer from similar deficiencies, on a monthly 
basis, to those for rainfall. The maximum and minimum 
thermometer - a six's pattern - is set vertically in a shelter 
which screens it from direct radiation, with the bulbs about 
30 cm above ground. The shelter is not a standard pattern 
but tests have shown that records do not differ appreciably 
from those taken in a screen, in the windy climate at Cass. 

Wind direction and cloud cover are noted when other 
records are being made, but they are not truly indicative of 
overall conditions which often change rapidly. From time to time 
an anemometer has been set up, some 2.5 m above ground level, to 
record the wind run. 

The Station altitude is 666 m above sea level. 
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Rainfall Records (cm) 

(Rain days are noted fr<,>m 1961) 
Annual 

Year J F M A M J J .A s 0 N D total 

1917 7.35 9.14 14.73 14.73 14.73 14. 73 12.19 9.40 98.37 
1918 12.90 9.65 9.65 9.65 9.65 8.13 7.62 15.24 17. 78 17.78 17. 78 17.78 151.99 

1919 6.48 6.60 6.60 8.03 10.24 10.24 10.24 10.24 10.24 10.24 9.25 4.83 103.25 

1920 10.16 10.16 7.26 8.05 10.16 9.·75 8.79 8.79 8.79 9.22 8.99 8.99 109.17 

1921 9.14 9.14 9.14 10.39 11.79 13.21 14.63 21.06 7.29 7.29 7.29 7.29 127.66 

1922 B.79 8.79 8.79 10.13 8.56 4.06 4.06 4.65 6.35 6.35 6.65 6.82 84.07 
1923 6.86 6.86 6.86 6. 73 6.73 6.73 6.73 7.32 8.48 8.48 8.48 8.48 88.67 

1924 9.47 3.68 3.68 9. 75 14.91 14.91 14.91 13.36 9.80 9.80 9.80 3.25 117.22 
1925 3.05 9.93 12.47 12.47 11.94 9.27 9.27 9.63 13.97 13.97 13.97 13.97 133 .91 
1926 10.11 18.03 13. 72 12.19 1:i.. 73 8,89 8.89 8.89 15.16 15 .49 15.49 15.49 154.10 
1927 5.08 9.14 21.92 14.07 13.21 11.07 10.16 10.16 6.63 6.60 6.60 6.60 120.57 
1928 6.60 6.60 6.60 7. 70 8.13 8.13 8.13 8.13 12.67 19.30 19.56 19.56 131.11 
1929 8.89 8.46 8.46 8.46 8.46 8.46 8.46 8.46 8.46 8.46 13.94 20.32 119.28 
1930 19.76 2.97 2.79 3.68 7.24 4.55 4.06 4.42 7.11 7.95 10.16 5.84 80.54 
Decadal Mean 8.78 8. 36 9.44 9.56 10.27 8.93 8.93 9.61 9.59 10.37 11.19 10.76 115.71 

1931 20.09 10.92 10.92 6. 78 9.65 12 ,19 12.19 12.19 12.19 9.93 4.67 3. 71 125 .45 
1932 11.30 5.03 3.15 10.41 10.41 6.35 6.35 6.35 6.86 9.73 10.87 9.63 96.44 
1933 5.56 10.16 10.16 13.82 16.33 8.89 8.89 8.89 8.89 9.02 5,26 10.41 116.28 
1934 16.05 4.80 6.22 11.02 11.30 12.45 6,27 19,81 14.45 11.99 4.06 4.83 125 .Bl 
1935 6.71 10.41 12.01 11.38 16.26 14.07 6.96 6.20 7.47 7.21 10.67 6.86 116.21 
1936 5.49 9.91 10 .92 13.44 16.23 16.26 16.26 16.26 16.26 15.04 11,68 10.64 158.37 
1937 21.64 9.96 12 .62 13.21 12 .27 7.11 7.11 7.29 12.45 9.22 7.62 7.16 127 .66 
1938 19.15 13.51 17.53 14.91 8.89 10.92 10.92 11.02 13.97 8.99 8.10 21.01 158.93 
1939 4.06 4.06 4.06 5.59 7.26 10,80 10.80 10,80 10.80 13.08 14.45 11.61 107. 37 
1940 13.87 20.17 19.94 13.46 15.14 4.83 4.83 5.03 9.42 20.09 9.47 6.02 142 .27 
Decadal Mean 12. 39 9.89 10. 75 11.40 12. 37 10. 39 9.06 10. 38 11.28 11.43 8.69 9.19 127 .48 

1941 11.38 10.36 10.57 8.18 5.51 8. 71 9.14 9,14 9.14 7.98 13.72 17.50 121.34 
1942 12.45 12.45 12.19 18.82 12. 70 12. 70 12. 70 12. 70 13.72 15 .65 17.02 22.50 175.59 
1943 12.88 14,96 6.60 8.86 3.53 2.54 2.54 10.62 31.50 13.11 5.33 5.08 116.79 
1944 8.92 18.03 16.23 8.28 9.47 13.34 13.34 11.94 11.18 19.58 19.05 18.75 168.10 
1945 14.45 15 .24 15, 19 10.41 10. 77 14.22 14.22 14.22 14.22 9.14 15.01 16.18 163.30 
1946 8.81 9.68 6.35 6.35 8.66 12.19 12.19 12.14 13.51 24.94 13.18 12.85 142.14 
1947 5.59 5.64 0,89 3.61 2.67 16.64 13.72 11.33 14 .22 13.67 7,95 8.99 104.90 
1948 4. 70 2. 74 10.97 7.29 12.34 12.19 6.99 3.91 17.42 27.33 11.94 8.26 126.95 
1949 8.36 12. 75 11,81 6.99 9.42 11.46 13.77 8.48 8.00 10. 39 6,15 12.14 122. 76 
1950 10.01 6.22 2.92 6.40 22.68 10.57 11.33 10. 77 6 .63 6.69 4.93 16. 79 116.15 
Decaaal Mean 9. 76 10.81 9.37 8.52 9.78 11 •. 46 10.99 10.53 13.95 14.85 11.43 13.90 134.00 

1951 6, 15 7.80 9,86 11.81 12 .22 11.81 12.22 9. 78 9.73 15 .04 28.96 8.61 144.09 
1952 11.07 6.07 6.27 7.59 13.41 11.81 6. 71 2.79 8.36 11.91 8.33 6.60 100.94 
1953 42.09 4.06 12.93 14. 71 15 .52 9.27 9.58 9.58 9.14 9.09 9.27 15 .01 134 .14 
1954 9.65 8.46 9.58 8. 71 5.92 13.39 13.82 13.03 8.59 4.55 5.03 10.64 111.46 
1955 39.24 1.42 1,57 15.80 19.81 10.82 11.61 12.50 10.57 9.37 8.05 3.00 143 .00 
1956 12.27 1. 78 6,73 16.38 10.67 16.46 12 .95 8.33 8.51 12.17 15.62 12.34 134.09 
1957 2.77 5.33 12. 75 20.55 22.25 8.00 2.87 6,Sa 8.00 31.39 28.60 38.00 184.56 
1958 13.44 9. 80 11.89 18.31 13.28 8. 71 12. 73 21.13 2 .84 9. 75 7.95 16 .00 145. 85 
1959 3,68 8.81 11.15 12.88 10.13 9,63 9.93 11.89 9,88 16.21 8.64 8.33 124.41 
1960 5,80 7 .20 7. 75 1.65 5.03 11.46 6.02 5.05 13.51 7.57 7,95 2.87 181. 86 
Decadal Mean 14.62 6.07 9.05 12.84 12 .84 11.14 9.84 10.07 8.91 12. 71 12.84 12.14 130 .44 

1961 5.00 9.58 12.42 8. 76 5.11 17.22 10. 24 5 ,26 12.98 4.04 9.80 3.02 103 .40 
6 9 9 7 10 11 13 6 7 5 11 5 99 

1962 12.88 5.41 6.07 9.27 18.44 9,37 11.81 9.98 8,89 21.03 10.49 2.82 126.46 
7 8 9 9 13 9 12 11 10 21 11 5 125 

1963 5.11 9.55 6.55 11.38 19. 79 17.06 8.05 9.27 7.54 5.23 6.25 8.59 115.46-
10 13 9 6 10 11 10 11 14 6 10 7 117 

1964 19,00 2.41 16.64 3.89 17.91 1.32 13.89 17.35 12.90 8.31 11.89 5. 72 131.22 
14 5 14 9 12 4 14 14 11 10 14 14 135 

1965 16,84 5 .82 5.89 8,53 7.42 13. 72 5 .16 8.76 5 .97 7.90 21.06 5. 36 112 .43 
17 9 10 9 11 13 6 9 

1966 6.17 10.11 3.33 10.44 2 .54 7.29 7.11 6,63 4.50 5.31 14.05 5.94 83.41 
10 10 5 9 5 10 9 6 7 8 15 8 102 

1967 7.44 4.67 5,94 9.73 4.52 8,95 3.28 12 ,67 4. 85 6.50 34.44 8.92 111.91 
9 6 8 6 5 5 5 12 9 11 21 10 107 

1968 6.96 9,32 9.58 9.96 12.01 16.51 9.09 11.61 13.64 31.88 13.56 7.39 151.51 

7 8 7 14 12 14 8 13 13 19 14 5 120 
1969 8.38 4,88 3.71 11.48 7.32 8.00 4.65 7.04 14.07 5.66 2.21 15.82 93, 22 

8 3 6 12 10 10 10 11 16 10 4 9 109 
1970 12 .04 3.00 5.11 3,23 3.40 9. 70 9.98 23.88 30.63 5.99 3.28 7.85 118.09 

10 6 10 6 3 8 11 11 14 9 3 10 101 

Decadal Mean 9.98 6.48 7 .52 8,67 9,85 10.90 8,33 11.25 11.60 10. 19 12. 70 7.14 114. 70 

1971, 3.00 2.13 1.02 5.46 5.33 9.22 28.20 7.65 12.83 25 .53 11.40 6,02 92.41 
7 2 l 6 7 9 6 11 11 17 13 8 98 

1972 4.04 1.46 6.97 14.22 18.89 6.09 13.25 8.93 13. 70 22.89 8.49 11.47 130.40 
10 4 12 10 16 10 15 9 13 9 12 11 131 

1973 2.87 0.87 2.96 9,50 9.89 10.53 1.83 13.12 6.97 5.01 14.73 1.97 80.25 

3 3 7 12 19 9 4 18 9 9 12 3 108 
1974 2.68 13.83 10.09 23.01 5. 70 11.04 14. 31 4.44 4.74 9. 34 11. 72 7,60 118.50 

5 8 9 9 5 8 10 10 8 11 7 6 96 

Mean 1921-19 70 124.47 
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1/63 
2/63 
3/63 
4/63 
5/63 
6/63 
7/63 
8/63 
9/63 

10/63 
11/63 
12/63 

1/64 
2/64 
3/64 
4/64 
5/64 
6/64 
7/64 
8/64 
9/64 

10/64 
11/64 
12/64 

N-NW-W 

223 

Mean miniml.Ull 

1.9 
6.5 

7.1 
8.3 
1..9 

-2.0 
-0.06 
-8.5 

-11.l 
-4.9 
4.2 
2.2 
7.5 

8.6 
5.6 
8.4 
1.8 
0.3 

-1.6 
-9.6 
-2.9 
-3.4 
1.9 
5.0 
7.0 

6.4 
6.5 
4.2 

-5.0 
-4.3 

-10.0 
-12 .8 
-6. l 
-0.9 

2.7 
3.3 
5.1 

5.9 
1.6 
0.6 
0.0 

-1.8 
-4.7 
-4.2 
-3.9 
-1.5 
-0.6 

4.4 
5.0 
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Wind Directions etc. 1918-1964 

s-sw 
58 

SE-E-NE 

68 

Te!!2!':rature 

Mean maximum 

19.8 
24.1 

25.3 
25. 3 
21.5 
18.6 
12.0 
13.5 

14.5 
16.5 
11. 7 
19.2 
25.7 

25.1 
23.2 
23.5 
18.0 
14. 7 
14 .3 
13.0 
15. 3 
19.5 
19.5 
21. 3 
23.2 

24.9 
25.0 
20.3 
20.2 
13.5 
9.0 

10.6 
12 .1 
11.5 
21.2 
20.6 
22.l 

18.8 
28.5 
22.2 
18.8 
11.5 
6.8 
7.2 

10. 3 
13.00 
17.2 
15. 6 
27 .9 

Calm(+ Fog) 

89 15 

Records 1960-1964 (OC) 

Mean 
max. + min. 

2 

10.8 
15.3 

16.2 
16.8 
11.7 
8.3 
6.0 
2.5 

l. 7 
5.8 
7.8 

10.7 
16.6 

16.9 
14.4 
16.0 
9.9 
7.5 
6.4 
l. 7 
6.2 
8.1 

10. 7 
11.4 
15. l 

15. 7 
15.8 
12. 3 

7.6 
4.6 

-0.5 
-1.l 

3.0 
5.3 

12.0 
12.0 
13;6 

12 .4 
15.l 
11.4 
9.8 
4.8 
1.1 
1.5 
3.2 
5.6 
8.3 

10.0 
16 .5 

Snow 

14 

Range 

-5.6 - 25.6 
-2.2 - 28.9 

-0.6 - 32 .2 
2 .0 - 32.2 

-3. 3 - 26.1 
-6.1 - 25.6 
-6.7 - 17.8 

-12.2 - 15.6 

-11.1 - 14.4 
-10.0 - 18.3 
-1.5 - 25.6 
-5.0 - 29.4 
-1.l - 30 .o 
0.6 - 30.0 

-1. l - 29.4 
-1.l - 26. 7 
-5.6 - 26.7 
-2.2 - 20.0 

~10.6 - 16.l 
-11.l - 14.4 
-10.0 - 18.9 
-8.3 - 22.2 
-4.4 - 23.9 
-2.2 - 26.7 
-1.l - 31.1 

-1.7-33.9 
-2 .2 - 33.9 
-5.0 - 26.l 
~-1 - 21. 7 

-11. l - 17.8 
-11.l - 12 .2 
-12 .8 - 10.6 
-13.9 - 16 .1 
-6. l - 18.3 
-5.0 - 23.3 
~-7 - 24.4 
0.6 - 24.4 

-1.l - 30.0 
0.0 - 31. l 
0.6 - 22.2 

-7.2 - 23.9 
-9.4 - 16. 7 

-11.l - 8.9 
-8.9 - 13.3 

-11.l - 14.4 
-7.8 - 21.7 

3.9 - 26.1 
4.4 - 15 .6 

-0.6 - 31.l 

Total 

467 

No. of 
observations 

12 
17 

10 
10 
10 

7 
22 

3 

l 
6 
5 

14 
17 

16 
23 
21 
20 
15 

5 
3 
4 
6 
8 

16 
19 

16 
14 
14 

3 
15 

7 
1 

12 
12 
12 
15 
18 

23 
6 
l 
8 

16 
4 
4 

16 
15 
10 

1 
4 
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8. SOILS OF THE CASS DISTRICT 

E.J.B. Cutler 

Although, at first inspection, many of the soils in the 
middle Waimakariri basin appear rather similar in morphology, 
close inspection reveals a surprising variety of profiles at 
both high and low levels of classification. The reasons for 
these variations are mainly that there is much variation (in 
detail) of the soil-forming factors. Published information 
enables a broad. picture to be drawn of the main soil sequences 
(chronosequences) but many gaps exist in pedology of this region. 
The broad pattern of soils as shown by compound mapping units 
(soil sets) is published in the General Survey of Soils of 
South Island (Soil Bureau Staff 1967). Further description of 
the soils is given by Vucetich (1969). Soil maps, such as that 
of the General Survey of South Island at a scale of 1:253,440 
are a guide to the principal kinds of soils found there, but can 
only give a simplified picture of the regional soil pattern. 
Fig. 8•1 is adapted from the 1:253,440 soil map. Each mapping 
unit may contain numerous variations or inclusions, most of which 
are ·not described. The user of a general map must therefore 
take particular care in identifying or interpreting the soil at 
any particular spot. However, the keen observer who is aware of 
the significance of landforms, parent materials, vegetation etc. 
as $pil-forming factors can start to unravel the more detailed 
soil pattern himself, provided he carefully describes the soil 
morphology and site. He then must relate the soil morphology 
to known soil chemical and mineralogical and other properties 
in order to understand the relationship of the soils to the 
soil-forming factors on the one hand and the land use on the 
other. Therefore an understanding of the local soil-forming 
factors and how they interact to produce different soils, with 
particular sets of morphological, chemical and physical 
properties, is necessary before one can interpret the relation
ships of soil to vegetation, land use, hydrology, erosion, and 
man. 

Parent Material 

Soil parent materials in the middle Waimakariri basin are 
derived almost exclusively from greywacke of the Torlesse group. 
It is rare to find soils formed in situ from the greywackes even 
where the regolith is thin. Variations in the lithology of the 
greywackes do exist, but because most soil parent materials are 
sedimentary deposits some mixing has occurred before deposition. 
Consequently, mineralogical variation in soil parent material is 
likely to be significantly less than in the parent rocks (Furkert 
et aZ. 1975). Physical variation in soil parent material is, 
however, very important and a great diversity of form can be 
found. The physical characteristics of the parent material are 
closely related to landforms and the geomorphic processes which 
formed them. For example, most morainic deposits are relatively 
poorly sorted, containing particles of sizes from fine silt to 
large boulders. Such material readily packs and becomes hard 
and relatively impermeable, leading to perching of water in the 
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soil. On the other hand, glacio-fluvial outwash gravels are 
usually well sorted and contain a narrower particle size range 
from sand to gravel. Such a material often remains permeable 
until weathering of the gravel itself takes place. The time for 
such weathering is of the order of many tens of thousands of 
years. Thus a very wide range of particle size, shape, sorting 
etc. can be found. One of the very important characteristics 
with respect to soil formation is the content of fine earth 
(< 2 mm fraction) because it is the fine material which weathers 
first and provides the clays in soil. Variations of parent 
material may often be found within the soil section itself. In 
many soils the upper part may consist of fine material derived 
from loess or alluvium, whereas the lower part is commonly 
coarse outwash gravel, colluvium, moraine or scree. Thus soil 
texture profiles are most commonly gradational from fine to 
coarse texture, down the profile. Even wher~ loess is of minor 
importance a similar texture profile is found (Furkert et al. 
1975). Variation in degree of chemical weathering of parent 
material is also important. Some soils are formed from freshly 
comminuted greywacke, whereas others may be derived locally from 
older soils or weathered sediments. Even in apparently weakly
weathered material, as for example the subsoils of high country 
yellow-brown earths, the loss of, or unavailability of, essential 
elements such as phosphorus, sulphur and calcium may be quite 
large. This is one of the reasons why success in re-vegetation 
of eroded high country yellow-brown earths requires a substantial 
fertilizer input. Buried soils and truncated soils are also 
quite commonly found in the high country. 

Variations in the physical nature of parent materials 
influences the amount of water held and which can pass through 
the soil and hence influences the processes of weathering, 
leaching and gleying. Physical properties of parent material 
also influence soil stability and engineering characteristics. 

Relief 

The wide range of relief, from flat terrace land to very 
steep mountain slopes, and different aspects, shape and length 
of slopes, all contribute to the soil pattern. Relief influences 
soil formation in two major ways. Firstly it influences the soil 
moisture regime, so that even though the climate is humid, soils 
on steep northerly slopes may in fact become dry for short 
periods. Accumulation of water, on the other hand, may occur on 
shaded aspects or footslopes or concave relief, as on moraines 
east of Cass. The second influence of relief is that soils on 
steep slopes may erode readily if the cover is disturbed. Thus 
periodic erosion and deposition (in an analogous manner to 
Butler's K-Cycle concept) occurs, especially at higher altitudes. 
The effect of the drift regime on soils has been studied in 
detail by Molloy (1969) on Mt Torlesse and the same principles 
apply in the middle Wairnakariri. Landforms, parent material and 
soils are often closely associated, consequently the mapping of 
soils is dependent on a detailed knowledge of the landforms and 
their origins. The broad soil sets of the General Soil Map of 
South Island are in fact soil-landscape associations. A more 
detailed soil survey would necessitate analysis of the elements 
of the landforms in relation to smaller variations in soils. 
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However, different soils may be found on the same landforms - as 
for ex'ample where beech forest has caused podzolisation in 
contrast to yellow-brown earth under grasslands - and, conversely, 
the same kind of soil may occur on different landforms. Thus, 
where thick loess accumulates over terraces and fans, soils are 
mapped as Mesopotamia series, moderately leached yellow-brown 
earths. 

Time 

Apart from the work of Molloy (cf. Section 11), little has 
been done to establish the age of soils and soil landscapes in 
the Waimakariri basin. Buried soils, some containing charcoal, 
exist in many places and need to be studied in detail if it is 
desired to establish reliable chronosequences. Sequences of 
soils of increasing age can be found on post-glacial fan and 
terrace systems as well as on steep mountain sides. Older soils 
may occur in the eastern part of the basin on Woodstock and Avoca 
surfaces (Section 5). However, the chances of finding intact 
pre-Otiran soils still in the process of development is extremely 
remote because of the effects of glacial and periglacial action 
and the fallout of loess in the long period of intervening time. 

The detailed study of a chronosequence of soil at Reefton 
by Campbell (1975), under somewhat comparable climate, can be 
considered a useful guide to the probable sequence of soil 
formation of the middle Waimakariri. His study included only 
three sites of pre-Otiran age. The extensive terrace and fan 
systems of the Waimakariri should enable a larger number of 
post-Otiran stages to be found and studied than was the case at 
Reefton. The main problem is to find sequences of soils with 
similar parent material that have not been excessively modified 
by man. 

Vegetation 

There are several aspects of soil-vegetation interrelation
ships of interest in the Waimakariri basin. In the early stages 
of soil formation, pioneer species include those such as Coriaria 
spp. and later Discaria, which depend on supply of calcium-bound 
phosphorus. Sulphur may also be necessary. Such plants enable 
a rapid build up of soil organic matter and soil nitrogen. 
Other pioneer species such as Raoulia spp., EpiZobiwn spp. etc. 
establish on riverbeds and act as traps for accumulation of wind 
and water-borne silt. Eventually, as the fine earth content is 
raised, other species become established. Discaria also grows on 
some of the more leached and weathered yellow-brown earths, but 
usually such soils contain much relatively fresh, coarse gravel 
or rock. It also occurs on slopes where the drift regime is 
relatively active, and on relatively shallow soils where roots 
may penetrate fresh, unweathered material. 

Vegetation, in some cases, has a marked effect on soil 
formation. Thus, mountain beech forest (Nothofagus sofond:t>i), 
growing on strongly-leached yellow-brown earths, produces an 
acid, moroid litter which induces low pH in topsoil and aids in 
the mobilisation and movement of aluminium and iron oxides, 
eventually producing podzols. The process is similar to that 
described by Campbell ( 1975) under red beech (N. fusca) in the 
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Reefton district. On the other hand, where forest grows· on 
exposed sites, periodic windthrow causes soil disturbance and 
the development of pit and mound microtopography. This mixing 
process retards the formation of podzols. On Bealey Spur, both 
effects of beech forest can be seen. 

One of the most interesting soil-vegetation relationships 
of Canterbury high country is that between forms of soil 
phosphorus (related to age of soil and activity of soil drift 
regime) and the growth of. various species of Chionoahloa (Mugambi 
1971). No doubt there are many other aspects of soil and 
vegetation still to be elucidated. 

Climate 

Many aspects of climate influence soil formation, but 
perhaps one of the most important is the amount of moisture 
available for weathering and leaching. Precipitation data 
(Hayward 1967) indicate that, in the middle Waimakariri basin, 
rainfall exceeds evapotranspiration, on average. However, in 
the drier eastern areas, on steep northerly slopes where runoff 
is significant, there may be a soil-water deficit for short 
periods in summer. Also, on some very stony, shallow soils of 
fans and lower terraces, with very low water storage capacity, 
water deficits may occur in summer. However, most soils will 
be moist for most of the year and all soils will be under a 
leaching regime for most of the year. Effective leaching 
rainfall (total rainfall, less evapotranspiration and runoff). 
increases very markedly from east to west. It is probably of 
the order of 30 cm at Mt. White, 60 cm at Cass (yellow-brown 

_ earth) and 90-100 cm at Bealey (podzolized yellow-brown earth) , 
on sites with minimal runoff. Leaching rainfall increases also 
with increasing altitude because of increasing total rainfall 
and lower evapotranspiration. Other aspects of climate, of 
importance in soil formation and erosion, are the incidence of 
wind, frost and rainfall intensity. 

Interaction of Soil-forming Factors 

Interaction of the five soil-forming factors is a wide
spread occurrence. For example, in beech forest, the rainfall 
is intercepted and much is channelled down the trunks of trees, 
thus producing an uneven infiltration of water - a modification 
of the climatic soil-forming factor - leaching and weathering 
will consequently be more intense around the tree base. This is 
one of the reasons why podzols initially occur as pockets under 
each tree, although after several generations these may join up 
to give a continuous profile. There are many other interactions 
of the soil-forming factors. Therefore, when investigating soils 
it is necessary to consider each site carefully and assess the 
factors of soil formation both independently and collectively. 

Soil Formation in the Middle Waimakariri 

The soil-forming factors determine the particular soil
forming processes at any point and these processes determine 
the soil profile characteristics. To understand soil it is 
convenient to arrange soils as sequences of soil formation with 
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particular emphasis on one soil-forming factor. The most 
commonly used soil sequence is the chronosequence - an arrange
ment of soils according to age - keeping the other four soil
forming factors as constant as possible. Such monosequences are 
rather subjective models because in fact it is not true that 
other soil-forming factors can be kept constant. Soils of the 
Waimakariri can be arranged into several sequences. 

The Normal Sequence of Soil 

The normal development of soil on fine textured, free
draining sites on valley floors and walls is not a simple 
chronosequence because of marked changes in the vegetation 
factor of soil formation. Development of soils follows 
analogous patterns with respect to time and climate (dry - wet). 
Thus the normal sequence encompasses most of the main kinds of 
soils shown in Fig. 8 • 2, Table 8A. 

Stage 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

Stage 5 

Stage 6 

Stage 7 

TABLE BA: PRINCIPAL SOILS OF THE NORMAL SEQUENCE 

New Zealand Classification* 

Recent soils ) 

Intergrade between recent soil and~ 
high country yellow-brown earth ) 

Moderately to strongly leached high 
country yellow-brown earth 

Strongly to very strongly leached 
high country yellow-brown earth. 

Weakly podzolised high country 
yellow-brown earth 

High country podzols 

High country gley-podzol 

Map Unit 

Tasman Set 

Mesopotamia 
Set 

Craigieburn, 
Cass Sets 

Bealey Set 

Katrine Set 

Lewis Set 

* The classification and terminology are basically after 
Taylor & Pohlen (1962) 

Each of the mapping units may include areas of other stages 
and some soils not listed here. Detailed descriptions and 
analytical data for the ideal sequence of soils on fine-textured 
greywacke detritus do not exist. However, by using what data 
there is in the literature and the results of West Coast 
chronosequence studies (Stevens 1968, Campbell 1975) a picture 
of the normal sequence can be built up. 

The time scale for development of the various stages can 
only be guessed, but comparison with soils in lowland Canterbury 
and Westland enables the stages to be assigned the following 
estimates of total time of soil formation:-
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C 
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STAGE I STAGE 2 

Recent soil 

-<--(Tosmans~)---> 

~}. .... 
E • • • • • 
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Bfe------1 Bfe-----1 

83 
._....,.__.____._--L----t 

STAGE 5 STAGE 6 

Podzolized y.b.e. Podzol 

< Katrine set---> 
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. ·:. .. .. . . . . 

STAGE 7 

Gley podzol 

Fig. 8•2 Diagrammatic profiles of soils of the Cass district. 



Stage 1 
Stage 2 
Stage 3 
Stage 4 
Stages 5-7 
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up to 300 years 
300 - 1000 years 
1000 to 3000 years (or more) 
3000 to 10,000 years 
7000 + years 

Stages 5, 6, 7 represent the influence of beech forest on 
soil formation after initial weathering and development of 
yellow-brown earth. Time scales for these stages will obviously 
vary greatly, according to soil, parent material, site, climate 
etc. On coarse-textured parent materials and in wetter, cooler 
districts the time required for podzolisation will probably be 
shorter. 

Profile Morphology 

Initial soil formation is evident only as the accumulation 
of organic matter in Stage 1 with its A/C soil profiles. Refer 
to Taylor & Pohlen (1962) for the basic terminology, and to Soil 
Survey Staff ( 19 75) for taxonomic terms for horizon .types. 
As weathering penetrates below the A horizon, a colour (incipient 
B) horizon develops and the soil profile A/(B)/C reaches staqe 2. 
Many soils of stages 1-2 have textural variations within the~ 
solum and upper C horizon because of their position on accumulat
ing sites on floodplains and fan margins. Structure of these 
soils is very weakly-developed because the only significant 
factor contributing to structure is organic matter. Soil 
colours are dominated by organic matter in A horizons and the 
mineral skeleton in (B) and C horizons. Many soils have colour 
hues (in the Munsell notation) of 2.5Y or SY, a few of 10YR. 
Colour values and chromas can vary according to the amount of 
organic matter present and the percentage of silt and clay. 
Values may range from 2 to 5 but chromas are usually less than 3. 

Stage 3 profiles (A/B/C profiles) on older fan and terrace 
surfaces have a true (cambic) B horizon. Weathering has 
proceeded to a stage where oxides of iron coat mineral grains, 
giving B horizons a brownish colour. Colour hues are therefore 
redder than in comparable stage 1 soils. Values are usually less 
than 4 and chromas less than 4.' A horizons reach their optimum 
depths in stage 3 and may be as thick as 24 cm, with indistinct 
boundaries to the B horizon. Soil structure is moderately
developed, fine to medium, nutty to granular, in both A and B 
horizons because of both organic matter and iron and aluminium 
oxides. 

Stage 4 profiles occur on high fans, terraces and moraines 
where soil formation has proceeded for long periods. Soils such 
as Cass and Craigieburn, included in this stage, probably 
carried forest for a significant part of soil-forming time. 
Soil profiles may show presence of sub-horizons of the master 
horizons and their profile form is therefore Ax/By/C. Horizon 
bormdaries are rather more distinct than in stage 3 profiles. 
Soil colours are mostly of 10 YR hue but 2.SY hues may be formd 
in a few places in lower B sub-horizons. At maximum development 
hues may be 1 7.5 YR in B2 sub-horizons because of the accumulation 
of iron oxide from weathering and illuviation. At this stage 
cambic horizons give way to spodic horizons. Colour values 
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(3 - 5) and especially chromas (4 - 6) are higher than in 
stage 3 soils. Structure of these soils is usually moderately 
developed, composite, crumb-granular, often of very fine size. 

·Crushed peds often have a redder hue or a higher chroma than ped 
faces. These characteristics of colour and structure are a 
reflection of the abundant hydrous oxides of aluminium and iron 
in the soil. Comparable soils on the West Coast (the Ahaura 
soil of Campbell 1975) have the highest content of oxalate
extractible iron and aluminium for his sequence. Analyses of 
Puketeraki soil from Porter's Pass (Soils of New Zealand 1968) 
show similar features. 

Stage 5 represents the beginning of podzolisation. The 
horizon sequence is LFH/Ae/Bfe/C. B horizons at this stage 
are usually of 7.5 YR hue and are likely to be spodic horizons. 
A horizons are thin and have colours of 10 YR - 2.5 Y hue, with 
higher values and lower chromas than A horizons of stage 4. 
Bleaching of peds and sand grains is evidence of removal of 
surface iron and aluminium oxides. Structure of A horizons is 
weak crumb to weak nutty and B horizons have firm, moderately 
developed, nutty structure. The soil surface of this stage is 
covered by a moroid organic horizon. 

Stage 6 represents the full expression of podzol formation. 
The horizon sequence is LFH/E/Bfe/B 3/c. E horizons (A2 of older 
nomenclature) are usually pale yellowish to white in colour 
(2.5 Y - 5 Y hue) and have high colour values (5 - 7) and low 
chromas (< 4) because of the loss of organic matter and 
sesquioxides, which have been eluviated. The E horizon 
corresponds to the albic horizon. Some profiles, especially 
those on flat or gently-sloping sites may have some colour 
mottles in the lower E and upper B horizon indicating periodic 
perching of water over the spodic horizon. Soils of stage 5 
and 6 are both included in the Katrine map unit of the General 
Soil Survey. 

Stage 7 is fairly rare in the middle Waimakariri and is 
found mainly on high terraces and benches in the Andrews Stream 
area. It is commoner near Arthurs Pass. Soils are gley-podzols, 
but are not as strongly developed nor as wet as those on the 
West Coast, described by Campbell (1975). Horizon sequences are 
commonly LFH/Aeg/Eg/Bfe/C. Profiles are distinguished by having 
strong gleying in A and E horizons with hues often ranging to 
5 Y or 7.5 Y and sometimes N-, or with local greenish hues. 
Colour values are medium to high depending on content of organic 
matter, and chromas low to very low. B horizons are similar, 
in many respects, to those of stage 6 except that they have a 
very firm to extremely firm consistence due to cementation by 
iron oxides. Some have thin (< 1 cm) wavy, iron pans. (Placic 
horizon). Hues are usually 7.5 YR or 5 YR with low values and 
medium to high chromas. Water perches on the iron pan and 
profile pits may fill with water soon after digging. 

Chemical Properties 

Organic matter accumulates rapidly in early stages of soil 
formation (Stevens and Walker 1970) to reach a peak by stage 3 
or 4. There is some evidence that although soil organic matter, 



TABLE 8B: CHEMICAL ANALYSES OF SOILS 

Lab. Depth I Cation Exchange 
Soil Set No. (cm) Horizon pH c% N% CEC BS% ca Mg K Na 

me% me% me% me% me% 

Tasman 1517 0.1_0 A 5.9 2.7 0.19 9.9 58 4.6 0.8 

{Stage 1) 12.25 C 6.2 0.06 4.9 47 1.9 0.3 

Mesopotamia 2079 0.12 A 6.0 4.6 0.37 18.2 64 9.7 1.8 1.1 

12-18 AB 6.0 14.6 45 5.2 1.2 0.5 

(Stage 2-3) 18-28 BC 5.8 10.7 30 2.6 0.6 0.5 

Craigieburn 7870 0.8 All 5.6 3.3 0.24 17 .2 31 3.6 0.8 1.05 0.1 

(Stage 3-4) 8.15 Al2 5.4 2.1 0.16 14.9 11 1.0 0.4 0 .25· 0.1 ~ 

tv 
15.28 B 5.4 0.8 0.08 9.5 5 0.2 0.3 0.05 0.1 O'I 

28-35 C 5.9 0.2 0.06 5.3 4 o.o 0.2 0.05 0.1 

Avoca 7784 0.12 A 4.4 3.8 0.26 15 .2 24 2.1 0.5 0. 75 0.1 

(Stage 4) 12-30 Bl 5.2 1.3 0.11 9.1 2 0.2 0.0 0.20 0.1 

30-40 B2 5.5 0.5 0.11 9.7 3 0.1 0.1 0.20 0.1 

40-50 C 5.7 0.3 0.03 8.0 1 o.o 0.0 0.10 0.0 

Katrine 8623 0.8 Al 4.3 10.1 0.47 25.4 18 3.0 1.1 0.10 0.1 

(Stage 6) 8-13 E 4.3 2.5 0.13 14.9 9 0.4 0.4 0 .15 0.0 

13-23 B 4.7 4.9 0.22 15.8 a 0.4 0.4 0.4 0.1 

30-37 C 4.9 2.4 0.15 10.0 4 0.1 0.2 0.2 0.0 
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as a percentage, may continue to increase in A horizons to 
stage 6, the total soil tessera weight may actually decline. 
If litter organic matter is included, however, there may not be 
any significant decline. The weakly-weathered sequence of Walker 
and Adams (1959) can be considered as analagous to this sequence. 
They show a steady increase in tessera weight of organic carbon 
from weakly-leached to very strongly-leached members, an overall 
threefold increase, but soil nitrogen, on the other hand, shows 
a peak at the middle of the sequence. The accumulation of 
organic matter and nitrogen in the early stages of soil formation 
in the Waimakariri is associated with Coria:r,ia spp., Disca:r,ia and 
possibly Carmichaelia. Soils initially have an adequate supply of 
inorganic phosphorus (apatite), sulphur (sulphides) and bases 
(calcium etc.) which are necessary for nitrogen accumulation. 
Soil Bureau analyses of stages 3 to 6 show a steady widening of 
the carbon/nitrogen ratio, suggesting a fall in total tessera 
weights of nitrogen. With the beginning of podzolisation 
(stage 5) organic matter accumulates as litter over the mineral 
soil and decreases in the E horizon, then increases slightly 
again in the B horizon (see Katrine soil, Table BB). 

Soils at stages 1 - 2 have pH of about 6. 0, falling to 
5. 0 - 5. 5 in stages 3 - 4 and falling again to less than 5 at 
stage 5. A pH of about 4.8 is near the critical level at which 
iron and aluminium oxides become mobilised during podzolisation. 
pHs are usually higher in subsoils. Acidity increases with age 
because of the effect of the acid litter. Thus leaching of 
cations occurs and base saturation falls rapidly (Table BC). The 
acidity is enhanced by increasing content of exchangeable 
aluminium and hydroxy-alumina as well as the increase in 
exchangeable hydrogen. The significance of soil acidity and 
aluminium to growth of grasses and legumes in soils (stages 2, 
4, 6) of the Waimakariri basin has been studied by Ali (1974). 
He demonstrated the high tolerance of browntop to the prevailing 
acid soil conditions as compared with the adverse effect on 
lucerne. 

Base status and base saturation of soils are higher in the 
early stages of soil formation and generally decrease with age, 
although exchangeable aluminium increases with age and leaching 
(Table BC). Exchangeable bases and base saturation show 
decreases down profiles throughout the sequence. 

Little is known about phosphorus content and forms for the 
soils of the Waimakariri basin, but it is considered likely that 
trends would follow patterns similar to those described by 
Walker and Adams (1959). Thus it is probable that most of the 
apatite in the soil is converted to organic and iron- and 
aluminium-bound phosphorus by the beginning of Stage 3 and that 
total phosphorus levels probably decline thereafter. Mugambi 
(1971), in a study of the relationship of forms of phosphorus to 
growth of several species of Chionochloa, shows that small changes 
in the proportions of organic, calcium-bound and iron- and 
aluminium-bound phosphorus, relate well to their growth. This 
work also indicates that some soils, which apparently are 
strongly-leached, yellow-brown earths and might be expected to 
be deficient in calcium-bound phosphorus, may in fact have 
received small and significant additions of unweathered parent 
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material by way of the soil drift regime. These relatively 
small differences in chemistry are, in fact, reflected in small 
differences in soil morphology and it should be possible to 
identify morphological (and site) criteria for field use. 

Thus, careful field observation and correlation of soil 
morphology with soil chemistry can be a useful guide to the 
soil-vegetation relationships, and enable predictions to be made 
in the field regarding nutrient status. Molloy (1964) showed the 
significance of soil morphology and genesis in relation to plant 
succession on Torlesse Range. 

Soil Mineralogy 

The Waimakariri sequence is probably very similar in 
mineralogy to that described by Campbell (1975) for the Reefton 
district except that his sequence is of soil from granite, formed 
mainly under red beech, under a somewhat more humid clim~te. 
However the few data that are available from the Waimakariri 
suggest a very similar sequence of soil mineralogy, weathering 
and leaching. The primary minerals of this sequence are mainly 
quartz, chlorite, feldspars and micas. In the initial stage 
of soil formation, soil clays will be principally primary 
mineral clays, formed by comminution of rocks in transport and 
deposition. However, because most sediments contain some soil 
material derived from soils of the catchment areas and because of 
windblowing of loess near riverbeds, soils in their initial stage 
may contain some pedogenic clays. 

In the early stages of weathering there is rapid hydrolysis 
of feldspars of clay size, yielding silica (lost mainly in 
solution); hydroxy-alumina which forms surface coatings on, 
and eventually precipitates within the interlayers of, expanding 
micas and chlorites. If the interlayers become filled, some 
gibbsite may be formed, and some recombination may occur of 
alumina and silica to give small quantities of allophanic clays. 
Micas expand to illite. Cations are either adsorbed as 
exchangeable cations or lost to plant growth or leached from the 
soil. The weak weathering of stages 1 and 2 correlates with the 
yellowish hues of low chroma, and the weak soil structure. 

As weathering proceeds to stages 3 and 4 (yellow-brown 
earth) primary clays are transformed into pedogenic clays. 
The most important of these are vermiculite, pedogenic chlorite 
and interstratifications involving these and mica. Hydrolysis 
of feldspars continues to supply alumina and silica and probably 
some chlorite decomposes to give hydrous oxides of Al and Fe 
and silica. Hydrous aluminium and iron oxides (mainly 
amorphous) increase to stage 4 and may reach several per cent 
(as extracted by Tamm's oxalate reagent). The iron oxides give 
the soil their brown colours, which at stages 4- 5 give 
B horizons hues of 7.5 YR with values >4 and chromas of 6 - 8. 
These oxides, although contributing only 1-2% of the soil, are 
of clay size and therefore have a large surface area. They are 
a major factor contributing to the relatively iow bulk density 
of high-country yellow-brown earths (less than about 0.8 gm/cc 
in all horizons); the high porosity and water-holding capacity, 
and the fine, water-stable structure. These oxides are also 



Soil pH 

Mesopotamia 5.3 
Stage 2 - 3 

Craigieburn 5.0 
Stage 4 

Katrine 3.6 
Stage 6 

* KCI-extract 

TABLE SC: MINERALOGY AND SOIL CHEMISTRY 

Org.C Tot. 
Clay minerals % N % 

Mica and 5.4 
0.40 

Pedogenic chlorite 

Pedogenic chlorite 5.6 0.44 

Montmorillonite 7.9 0 .35 

Bray P 
(ppm)* 

9 

3 

14 

CEC 
m.eq.% 

18.3 

16.4 

22.7 

B.S. 
% 

61 

33 

25 

Exchangeable cations (m.eq.%) 

Ca Mg K Na Al* Mn* 

9.6 1. 7 1.0 0.2 0.2 0.03 

..... 
3.7 0.6 0.6 0.2 1.9 0.03 I\J 

1,0 

4.2 1.1 0.7 0.4 6.6 0.09 
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responsible for the high phosphate retention capacity of high 
country yellow-brown earths. 

The onset of podzolisation, associated with the 
accumulation of the moroid organic laye-rs on the soil surface 
and the fall in pH to below 4.8, reverse the trend of weathering 
and clay formation. Weathering under these conditions is such 
that aluminium and iron oxides become mobilised and are leached 
from the surface to the B horizon where they accumulate to form 
spodic horizons. The loss of sesquioxides (and the. consequent 
relative increase in silica) in the A horizon l.eads to the 
transformation of pedogenic chlorite clays to montmoriilonite 
clays. At the same time the A horizon of stage 4 changes to the 
E horizon of stage 6 with its pale colours, weak structure and 
lower content of organic matter. 

Physical Properties 

Little work has been done on soil physical properties 
relating to this sequence. The few data available for high
country yellow-brown earths of the Waimakariri catchment refer 
to soils of steep mountain lands. 

Some generalisations are, however, possible. Bulk density 
probably decreases from stage 1 to stage 4 and then increases to 
stage 7 and follows the accumulation and then the redistribution 
of iron and aluminium oxides. Bulk density of most soils will 
be below 1.0 g/cc perhaps below 0.8 g/cc at stage 4 and may be 
greater than 1.2 at stage 7 where structure is weak and 
B horizons are cemented. Total porosity and microporosity will 
follow an opp.osi te trend to bulk density. Thus the highest 
porosity will be at stage 4 and the lowest at stage 7. Water
holding capacity follows simi1ar trends to that of porosity. 
In stages 3 - 4 soil structure probably has high stability ( is 
not readily dispersed in water), but structure can readily be 
damaged by frost action, making the soil more susceptible to 
water and wind erosion once the surface is bare of vegetation. 
Also, structure stability probably decreases down profiles 
(Gradwell 1962). The few published figures support this 
contention. The more readily-dispersible subsoils are subject 
to more rapid erosion than A horizons. 

One can assume that infiltration is very rapid in high
country yellow-brown earths (stages 2 - 9) because of their 
relatively high macroporosity. Gillingham (1964) found 
infiltration r-ates of 9.6 to 10.6 cm/hr in a steepland yellow
brown earth at Porters Pass. Most of the soils appear to be 
highly permeable, but sometimes they overly C or D horizons 
of low permeability such as compact till, sandstone and rock. 
Permeability of profiles will decrease from stage 5 to 6 and 
is probably very low in stage 7, because of the poor structure, 
low macroporosity of upper horizons and the cemented B horizons 
in subsoils. On the other hand, soils with coarse texture, 
especially stony soils on young fans and terraces, have very 
high permeability associated with low water-holding capacity and 
may dry out very rapidly after reaching field capacity. 
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Other Soil Sequences 

Catenary sequences occur on some of the rolling moraines 
and lower hilly country. These sequences occur over short 
distances and cover ranges in soils from free-draining to poorly 
drained. One such catena (A.W. Young, pers. comm.), in the 
Katrine soil set ( in part Bealey Set in Fig. 8• 1) , covers a 
range of soils from very strongly leached yellow-brown earths 
(stage 4) through podzols (stages 5 and 6) on upper mid-slopes. 
Further down slopes, drainage conditions become poorer and 
modify the processes of podzolisation towards the humus podzol, 
which is locally very well-developed. In the bottom of the 
hollows, peat over gley is found. Young's research (still in 
progress) indicates that this caci:ena is similar to some 
described from Northern Europe. ,! The humus podzol should not be 
confused with gley-podzol. Humus podzols are catenary 
associates of iron or iron-humus podzols and always occur on 
lower slopes, positions where groundwater influences soil 
genesis and where aluminium oxides and humus accumulate, 
eluviated from upslope podzols. Gley-podzols, on the other 
hand, usually form in upland situations as a consequence of 
perching of water over spodic horizons of podzols. Fig. 8•3 
illustrates the main features of Young's catena. Other catenary 
sequences will no doubt be found and described in the 
Waimakariri catchment. 

~fto-climo Sequences 

Within each of the main climatic zones of the Waimakariri 
basin there are altitudinal sequences of soils determined by 
changing moisture temperature and vegetation cover with 
increasing altitude. The general soil map shows these only 
as different combinations of soil sets as shown in Table 8D. 
Below timberline (1280 m) the soils are beneath beech forest, 
above it, beneath alpine grassland or on barren sites. 

TABLE SD: ALTITUDINAL SEQUENCES OF SOIL SETS IN WAIMAKARIRI BASIN 

Altitude (m) 

600-1280 1280-1500 ( ±) 1500 ( ±) upward 

Torlesse Range 
Tekoa Kaikoura 

Alpine 
"Dry" Barren 

Craigieburn Range 
Bealey Kaikoura 

Alpine 
"Wet" Barren 

Main Divide 
Lewis Spenser 

Alpine 
Very wet Barren 

This table represents a gross simplification of the soils 
of the mountains because, within each sequence, there are many 
variations in the combinations of soil-forming factors. In 
addition, the soils of the hills and steeplands are liable to 
periodic disturbance by small changes in climate, local climatic 
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accidents, tectonic disturbance, and the activity of man. Molloy 
(1964) has described such a sequence from the Porter's Pass -
Foggy Peak area of Torlesse range and shown how the pattern and 
succession of vegetation is related to the soil sequence and the 
drift regime. The same principles apply to the other sequences 
shown in Table 8D which as yet have been little studied. Wilde 
(1974) and Furkert et al. (1974) described soil patterns from a 
small catchment of the Craigieburn Range, but their study shows 
only part of the variation found on that range. Kelland (1974) 
discussed the chemical analyses of an altitudinal sequence of 
four soils under beech forest and four soils under alpine and 
subalpine grassland from the Craigieburn Range. Unfortunately, 
pedological data are not given for this sequence. 

Other Soils of the Middle Waimakariri 

A number of other kinds of soil occur in the Waimakariri 
basin but have not been described or studied. These include the 
various kinds of gley soils on different aged surfaces and 
topographic positions, organic soils and soils of bogs. 
Burrows (1969) discusses the vegetation, distribution and site 
characteristics of bogs, and Dobson (1975) and in section 17, 
describes mires in more detail. There. is considerable potential 
for soil-vegetation studies of the mires, but ideally they 
should be studied within the framework of catenary systems so 
that the pedologic-hydrologic conditions can be assessed. The 
nature of the mires is determined partly by the local vegetation 
but also partly by the local soil pattern and the kind of 
weathering and leaching conditions of the adjacent soils. 
Similar principles apply to the study of the chemistry of tarns 
and lakes because that is also determined to a large degree by 
the nature of the soils of the catchment areas. 

Soils and Land Use 

A considerable amount of research has been done on the 
problem of establishment and maintenance of more productive 
pastures in the Waimakariri basin (Hayward 1967). The two main 
limitations to more intensive agriculture are climate and soils. 
Soil limitations are severe. Most soils have high requirements 
of phosphorus, sulphur and minor requirements of other plant 
nutrients. These deficiencies can be corrected, but the cost is 
high. The results may not be very profitable because of the 
short growing season and the problems of feeding stock throughout 
the long dormant season. Locally, however, intensive use is being 
made of some of the less weathered and leached soils (stages 1 
and 2), because their nutrient requirements are lower than 
average, to provide winter feed and to permit reduction in stock 
numbers on the erodible mountain lands. 

Soil erosion is a widespread feature of the Waimakariri 
catchment. Even in their natural state, soils were subject to 
periodic disturbance and erosion (Molloy 1964 and section 11). 
The impact of Polynesian and European settlers intensified 
erosion which continues to be a major problem today. Soil 
conservation practices have reduced the risk greatly by the 
elimination of burning of vegetation and by destocking much 
of the steep, erodible land. Revegetation, however, will be a 
very slow process, partly because of the severe climate but also 
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because, in most cases, the eroded soils have lost their upper 
horizons and most of the available nutrients capable of 
sustaining vegetation. Studies by the Tussock Grasslands 
Institute and N.Z. Forest Research Institute show clearly that 
soil physical and soil nutrient condition are severe limitations 
to revegetation. Consequently the cost of reclothing bare 
hillsides is very high. 

The technology for stabilizing much of the eroded land 
is available, but the cost may be so great that only limited 
areas of revegetation can be justified. Research is needed now 
on the relationship of soil erosion within the catchment to the 
hydrology and geomorphology of the lower Waimakariri and the 
adjacent coastline of Pegasus Bay. The whole system has had 
a very dynamic history during the Pleistocene and to a lesser 
degree in the Holocene. Study of present and past soils and 
landscapes will aid in the understanding of the system and the 
trends which are occurring now. 

GLOSSARY 

Albie horizon* - a horizon from which clay and free iron oxides 
have been removed so that the colour of the horizon is 
determined by the colour of the sand and silt particles; 
usually overlies an argillic or spodic horizon. 

Cambic horizon* - a subsurface (B) horizon of alteration, 
showing colour change from parent material due to weather
ing or pedogenic organisation but without significant 
accumulation of clays or sesquioxides by illuviation. 

Spodic horizon* - a subsurface (B) horizon with illuvial 
accumulation of amorphous materials composed of organic 
matter and aluminium with or without iron oxides. 
It usually lies below an albic horizon. 

Placic horizon* - a thin, cemented iron pan, usually less than 
10 mm thick, dark reddish or sometimes black in colour. 
It is commonly found in soils of humid to perhumid, 
cool temperate regions where surface horizons are 
saturated with water for considerable periods. 

Moroid organic layers - surface accumulation of partly decomposed 
organic matter over mineral soil, usually acid but not 
saturated with water. Commonly found under Nothofagus spp. 
and other trees producing acid litter. 

Sesquioxides - mixture of aluminium oxide and ferric oxide which 
commonly occur together as weathering products or as 
illuvial accumulations. 

Tessera - a small cell or column of the ecosystem which includes 
soil and organisms above it. A tessera includes both an 
eco-tessera and a soil tessera. A convenient unit of 
operational size usually less than 1 m2 • 

Drift regime - the processes which effect the mechanical 
disturbance of the soil system by inorganic agencies. 

* 

It includes the processes of erosion, accumulation and 
mixing of soil materials, which slow down or modify soil 
formation. 

For complete definition of these terms see Soil Survey Staff 
(1975). -
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APPENDIX: REPRESENTATIVE PROFILE DESCRIPTIONS OF SOILS 

OF THE WAIMAKARIRI BASIN 

1. Young Soils of the Valley Flats 

TASMAN sandy (stony) loam and silt loam. 

Parent Material. Alluvium from greywacke. 

Native Vegetation. Fescue tussock, matagouri scrub. 

Topography. Flat flood plains, low terraces, fans. 

Representative Profile. 
25 cm very dark brown (10 YR 2/2) silt loam, granular/crumb 
structure, very friable, abundant plant roots. 
25 cm sand and gravel with dark brown staining and very 
faint indications of weathering of sand, loose. 
On unconsolidated grey gravel. 

Deeper silty and sandy soils occur in this set. 

2. Young Gley Soils of the Valley Flats 

DOBSON sandy loam. 

Parent Material. Alluvium from greywacke. 

Native Vegetation. Swamp and marsh vegetation. 
Rushes, sedges, red tussock. 

Topography. Flat, low-lying land on valley floors. 

Representative Profile. 
15 cm very dark grey (10 YR 3/1) fine silt loam, slightly 
peaty, abundant plant roots, structureless. 
20 cm blueish-grey (SB 5/1) sandy silt loam, with a few 
stones, mottled red-brown, slightly sticky and plastic, 
massive. 
On blueish-grey gravel. 

Some deeper silty and sandy soils occur and the Dobson soils 
may grade into brown, fibrous peats on older sites. 

3. Soils of Terraces, Older Fans and Moraines in the Valleys 

A. (High Country Yellow-Brown Earths) 

(i) CRAIGIEBURN silt loam and sandy loam. 

Parent Material. Greywacke loess over alluvium. 

Native Vegetation. Fescue tussock, scrub, small patches of 
beech forest; originally beech forest. 

Topography. Flat and undulating terraces. 

Rainfall. 100-150 cm. 

Representative Profil~. 
12 cm very dark greyish-brown (10 YR 3/2) silt loam, very 
friable, fine crumb/granular structure, abundant grass roots. 
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30 cm yellowish brown (10 YR 5/4) silt loam, paler at base, 
weak medium nutty structure. 
On weakly weathered gravel. 

(ii) CASS silt loam, sandy loam and stony loam. 

Parent Material. Greywacke loess on greywacke till, alluvium. 

Native Vegetation. Fescue tussock, scrub, patches of beech 
forest; originally beech forest. 

Topography. Rolling moraines, fans. 

Rainfall. 100-175 cm. 

Representative Profile. 
20 cm very dark greyish-brown (10 YR 3/2) silt loam with 
stones, granular/crumb structure, friable.' 
25 cm yellowish-brown (10 YR 5/6) silt loam, 
nutty/crumb structure, friable. 
On pale yellow-brown (10 YR 6/4) to olive (5 YR 6/4) 
massive stones in fine silt loam matrix. 

Deeper silty soils occur in this set. Cass Hill soils 
are usually shallower variants on steeper slopes. 

4. Soils of.the Steeper Valley Slopes 

A. (High Country Yellow-Brown Earths) 

(i) TEKOA stony loam and silt loam. 

Parent Material. Greywacke colluvium, some alluvium, loess. 

Native Vegetation. Fescue tussock, snowgrass, scrub, 
beech forest; formerly beech forest. 

Topography. Steep valley .slopes. 

Rainfall. 100-135 cm. 

Representative Profile. 
2.5 cm loose beech litter. 
5 cm dark-brown humus •. ·. 
35 cm yellowish-brown (10 YR 5/4) stony silt loam, 
nutty/granular structure, friable. 
25 cm yellowish-brown (10 YR 5/6) stony silt loam, 
blocky structure, firm. 
On angular greywacke debris. 

Shallower variants occur (some eroded) and intergrades to 
immature soils of steep slopes. There is a variant on 
gentler slopes. 

(ii) BEALEY stony silt loam. 

Parent Material. Greywacke colluvium, some loess. 

Native Vegetation. Beech forest, some scrub, fescue tussock; 
formerly beech forest. 

Topography. Steep valley slopes with screes, rock outcrops. 

Rainfall. 120-200 cm. 
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Representative Profile. 
1.5 cm dark brown beech litter. 
3 cm brown partly humified litter. 
5 cm paler humified litter with fungal hyphae and 
many tree rootlets. 
5 cm pale brown (10 YR 6/3) silt loam, crumb structure, 
friable. 
30 cm yellowish-brown (10 YR 5/6-5/8) stony silt loam, 
blocky structure, friable-firm. Stones are noticeably 
weathered. 
On angular greywacke debris. 

Shallower variants occur (some eroded), and intergrades to 
immature soils of steep slopes. There is a variant on 
gentler slopes. 

B. (High Country Gleyed and Podzolised Yellow-Brown Earths) 

(i) KATRINE sandy loam, stony loam. 

Parent Material. Greywacke alluvium, till, with thin cover of 
loess. 

Native Vegetation. Fescue tussock, scrub, beech forest; 
formerly beech forest. 

Topography. Rolling terrain and hills. 

Rainfall. 175-250 cm. 

Representative Profile. 
10 cm dark greyish-brown (10 YR 4/2) silt loam, 
granular/blocky structure, friable. 
36 cm yellowish-brown (10 YR 5/8) to reddish-yellow 
(7.5 YR 6/6) silt loam, granular/blocky structure, 
friable. Stones are moderately strongly weathered. 
On gravel in matrix of olive (5 Y 4/3) sand. 

Katrine Hill soils are variants on steeper slopes. 

(ii) LEWIS silt loam, stony loam. 

Parent Material. Greywacke colluvium, some loess. 

Native Vegetation. Beech forest, subalpine scrub. 

Topography. Steep valley slopes with rock outcrops. 

Rainfall. 175-375 cm. 

Representative Profile. 
2 cm dark brown beech litter. 
5 cm very dark brown humus, matted, granular, spongy. 
7.5 cm pale brownish-grey (10 YR 6/2) stony silt loam, 
crumb/single grain structure, friable. 
25 cm brownish yellow (10 YR 6/6) silt loam, with some 
stones, mottled red-brown, nutty structure, firm, stones 
well-weathered. 
On angular greywacke debris with yellowish-brown silty matrix. 

Intergrades occur to immature soils of steep slopes. 
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5. Soils of the Mountains Above Timberline 

A. (High Country Yellow-Brown Earths). 

KAIKOURA silt loam, sandy loam, stony loam. 

Parent Material. Greywacke colluvium, some loess. 

Native Vegetation. Snowgrass. 

Topography. Steep slopes, with rock outcrops, broad to narrow 
ridges, cirques, cols. 

Rainfall. 100-175 cm. 

Representative Profile. 
3 cm snowgrass litter. 
12.5 cm dark brown (10 YR 3/3) silt loam, crumb/nutty 
structure, very friable. 
30 cm yellowish-brown (10 YR 5/4) stony silt loam, 
nutty/crumb structure, friable. 
On angular greywacke debris in olive-brown (2.5 Y 4/4) 
sandy and silty matrix. 

Extensive eroded areas occur and intergrades to immature 
soils of steep slopes and high altitudes. 

B. (High Country Gleyed and Podzolized Yellow-Brown Earths) 

SPENSER loam, stony loam, sandy loam. 

Parent Material. Greywacke colluvium, some loess. 

Native Vegetation. Snowgrass. 

Topography. Steep slopes with rock outcrops, rolling ridge
tops, cirques. 

Rainfall. 200-400 cm. 

Representative Profile. 
2.5 cm snowgrass litter. 
6 cm dark greyish-brown (10 YR 4/2) weak crumb/granular 
structure, friable. 
10 cm pale brownish-grey (10 YR 6/2) silt loam, mottled 
red-brown, blocky structure, moderately firm. 
10 cm pale olive (5 Y 6/4) brown stony silt loam, weak 
nutty-crumb structure, moderately firm, stones moderately 
strongly weathered. 
On angular greywacke debris with silty matrix. 

Variants include some deeper and shallower soils and 
intergrades to immature soils of steep slopes and high 
altitudes. 

C. (Immature Soils of the Alpine Zone) 

ALPINE BARREN 

A wide range of rock debris materials are included in this 
set. Some small areas of incipient soils in the form of shallow 
organic/inorganic accumulations are present under the limited 
amounts of vegetation present. Some sites are of long standing, 
and lack of soil development is merely due to the stringency 
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of the environment. Some sites once carried soils and vegetation 
but these have been removed by erosion. 
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9. PLANT SYSTEMATICS 

D .. G. Lloyd 

Systematics is defined nowadays as the science of the 
diversity of organisms. Thus it includes not only traditional 
taxonomy - the subject of classifying the diverse plants and 
animals - but also ail other aspects of their evolutionary 
interrelationships. At Cass, systematic studies have dealt with 
the taxonomy, morphology, cytology, evolution, and reproductive 
biology of plants, as well as the vegetative ecology studies 
considered in sections 9ff. 

The various species or subspecies of any plant taxon have 
their separate geographical ranges and ecological relationships. 
Taxonomic studies therefore must be extensive and can rarely be 
completed in a single area. Hence the most frequent role of the 
Field Station at Cass in systematic studies has been as a 
study-collecting area during a limited stay. Students of all 
ages arid degrees of expertise have learned something of the 
native flora and its interaction with adventive plants. Such 
studies may well be the most important scientific contribution 
of the Field Station, although they usually leave no record 
except an item in a list of localities or a specimen in a 
herbarium. But from Leonard Cockayne on, botany students have 
gained intangible but nonetheless real insights into the New 
Zealand vegetation during their stay at Cass. 

Intensive Cytological, Evolutionary, and Taxonomic Studies 

The Cass area has provided the materials for a n~'Ilber of more 
specialised and intensive studies of plant systematics. In 1934, 
when the modern theory of evolution was still in its formative 
stages, J.B. Hair began his lifelong studies of chromosome 
numbers in New Zealand plants by examining Hebe species around 
Cass. Hebe and Parahebe (then part of Veronica) together 
constitute the largest evolutionary radiation of plants which has 
occurred in New Zealand. The basic chromosome numbers, 20 and 21, 
in Hebe and Parahebe emphasized the separation of these genera 
from the largely northern hemisphere genus, Veronica. At that 
time, Hebe had recently been removed from Veronica; Parahebe was 
subsequently removed, largely on the basis of the chromosome 
numbers. During the same period, J.W. Calder established the 
chromosome numbers of several snowgrass (then Danthonia, now 
ChionochZoa) species in the vicinity of Cass. The publications of 
Frankel and Hair (1937) and Calder (1937) introduced the new 
field of cytogenetics to New Zealand. 

Similarly, Cass played a prominent part in the first 
systematic study of a group of New Zealand plants using the 
biosystematic techniques derived from modern evolutionary theory, 
that of the alpine RanwicuZus species, by Fisher. After a paper ori 
the ecology of Canterbury screes (Fisher 1952) and experimental 
work on the developmental and environmental basis of leaf shape, 
the study was completed by an elegant monograph of the group 
(Fisher 1965) which provides an excellent model for future work of 
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this nature. 

Biosystematic studies of the introduced plants Anthoxanthum 
odoratum (sweet vernal) by N. Lambrechtsen (1968) and Rumex 
aaetoseUa (sheep sorrel) by W. Harris (19~8) were, in part, based 
on collections and studies made at Cass. Lambrechtsen's study 
was important in showing the wide range of variation present in 
Anthoxanthum from different localities and habitats throughout New 
Zealand. This includes its ability to abstract nutrients from 
soils and the study was important in demonstrating that local 
populations of a widespread species cannot be used in a simple 
bioassay for the potential of·soils for supplying nutrients to 
plants. Harris's (1968, 1969, 1970) work on Rumex from localities 
throughout New Zealand, aswell as some other areas round the 
world, similarly showed its inherent genetic variability and that 
female plants were at a disadvantage compared with male plants in 
the more rigorous environments - sex ratios in these varied 
significantly from a 1:1 ratio. He also studied flowering and 
vegetative reproduction by cultivation of many different 
provenances in a uniform environment (Harris 1970). Various 
races differ in photoperiodic and thermoperiodic responses. 
Natural selection has occurred of genotypes suited to living in 
open native habitats in New Zealand. 

Other important evolutionary and taxonomic studies on native 
plant groups which have depended, to some extent, on collections 
from the Cass area are Lloyd's (1972) revision of the genus CotuZa, 
the monograph of Raven & Raven ( 1976) on Epitobium and Garnock-Jones' 
study of Parahebe. 

Hyb~idization and Breeding Systems 
A widely recognised feature of the New· Zealand flora· is the 

frequency of widespread hybridization between species - not just 
isolated sterile individuals, but often spectacular hybrid swarms 
of hundreds of plants combining the characters of their parents 
in all combinations. Several factors contribute to the high 
frequency of hybridization, including the recent rapid evolution 
of our mountain flora, the longevity of most spe9ies, a lack of 
specialised pollinators and a complex topography, bringing many 
species into close proximity. The hybrid· swarms in Gaultheria and 
Pemettya, Dr>acophyUum and Pimelea have served for many student 
excursions and projects. A detailed study of the Pimelea hybrids 
at Cass by C.J. Burrows {1961, 1962) led to considerable 
improvement in our knowledge of variation in the genus and the 
recognition of one new species and an improved circumscription 
of another species. 

An unusually high proportion of New Zealand plants have 
unisexual flowers. This may provide the progeny of sexual 
reproduction with the advantages of greater heterozygosity 
through enforced outbreeding. One form of unisexuality is 
gynodioecy, the occurrence of separate hermaphrodite and female 
plants. Frankel (1940) examined gynodioecy in Hebe species at 
Cass, Arthurs Pass and elsewhere, and presented one of the 
earliest genetical interpretations of gynodioecious populations. 
Later, Burrows' ( 1960) study of the Cass F'imelea species provided 
the first joint data for gynodioecious species anywhere of the 
natural sex r_atios and the comparative seed set of the sexes. 
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The influence of flower morphology on outcrossing and the 
insect pollinators: were also investigated •. D.M. Calder (19,58) 
investigated the life history of the grass Paa Undsayi and found 
that under conditions which are marginal for flowering, the 
spikelets often produce vegetative propagules rather than flowers. 
The numerical preponderance of males in the sexually dimorphic 
Umbelliferae of New Zealand, including AaiphyUa subftabeUata on 
Remus, is thought to be due to females requiring greater resources 
for sexual reproduction (to mature their seed) and hence surviving 
and growing less well than males after flowering (Lloyd 1973). 
In Gingidia montana, a second kind of female plant, in which petals 
are partially transformed into abnormal stamens, is sometimes 
present in the Cass area. These are present for example, in the 
population near the mouth of the Cass River, but not in a 
population on Cass Hill directly above the Field Station (Webb 
19 75) • The introduced, creeping thistle, Cirsiwn arvense, also has 
two sex forms which are virtually identical in their morphology 
and seed set to those described in 1916 for European populations 
by Carl Correns, one of the rediscoverers of Mendel's Laws 
(Lloyd and Myall 1976). 

A relatively dry climate, a diversity of habitats, and the 
mixture of native and adventive plants around Cass make the area 
an ideal locality for studies of the reproductive biology of 
plants. It is therefore regrettable that so little work on these 
subjects has been conducted there. There are many opportunities 
here for projects on pollination and seed biology, two badly 
neglected aspects of New Zealand plants which are· currently being 
studied at Cass by Dr R. Primack. Hopefully, the life history 
strategies of native and adventive plants at Cass will be 
investigated more fully in the future; these would furnish 
interesting comparisons of island and continental species. 
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10. POST-GLACIAL HISTORY OF VEGETATION AT CASS 

N.T. Moar and W.H. Lintott 

Pollen analysis and the identification of plant fragments 
from several mire sites (Fig. 1•3) have contributed most to our 
knowledge of post-glacial vegetation in the Cass area. The most 
detailed studies have been made of Kettlehole bog (Lintott 1963, 
Moar 1971, Lintott and Burrows 1973), but well known sites are 
located at Mt Horrible, Woolshed Hill and Lake Rawdon (Moar 1971), 
Rem~s mire (C.J. Burrows and H. Drake unpublished data) and at 
Lagoon Saddle and the Bealey River (Burrows, Lintott and Mitchell, 
in preparation). Other sites important to an understanding of 
the Cass data are near Lake Brunner in Westland (Moar 1971); at 
Rubicon River in the Kawai River catchment 26 km to the east of 
Cass (Moar, unpublished data); in the upper Waimakariri valley 
and Bealey valley (C.J. Burrows unpublished data), at Hamilton 
Creek and near Lake Henrietta, Harper River catchment 15 km to 
the south-west (Molloy and Cox 1972, Moar 1973); and at several 
localities in the Hurunui catchment to the north and Rakaia and 
Ashburton catchments to the south (J.B. Russell unpublished data). 

Mire Sites at Cass 

With the exception of Woolshed Hill mire and Lagoon Saddle, 
the Cass sites lie at about 600 m above sea-level, and are now 
surrounded by grassland, scrub and scattered beech forest (as 
described in sections 13, 16 and Fig. 12•1). On the mountain 
slopes north and east of the Waimakariri River there are more 
extensive beech forests and the Woolshed Hill site, on the 
southern flanks of the Savannah Range, lies within the forest 
zone at about 1000 m elevation. The Lagoon Saddle site lies 
just at timberline, with alpine grasslands above it (section 16, 
Fig. 12•1). This patchwork of vegetation, much influenced by 
fire, has a long history of human interference, spanning some 
600 years or more (Molloy et al. 196 3, Molloy 1969 and section 11) . 

The vegetation presently occupying mire sites is dominated 
by sedges (Carex spp., Sahoenus pauaifZorus) and mosses, including 
Sphagnwn aristatwn, but at Lake Rawdon there a:r;-e dense marginal 
communities of Phormiwn tenax and Typha orientaUs with some Carex 
seata and these species also dominate the Remus swamp. On the 
Woolshed Hill mire there are also shrubs, clumps of Daarydium 
bidwiZUi, DraaophyUwn ZongifoZiwn and Hebe odora as well as stunted 
Nothofagus solandri var. aliffortioides. At Lagoon Saddle the mire 
contains extensive stands of Chionoahloa rubra, the cushion plants 
Oreobolus peatinatus and Donatia novae-zelandiae and a variety of other 
mire species. More detailed accounts of mire vegetation in the 
Cass area appear in section 17. 

Vegetation Development and Sedimentation at Mire Sites 

The mire sites in the Cass basin were originally lakes or 
tarns lying within moraines of the last major advance (Poulter) 
of the last glaciation (Otiran), and were slowly transformed 
into swamps or bogs as sediment accumulated in them during the 
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post-glacial period (Aranuian). The older, water-laid sediments 
are characterised by a high silt content derived mainly from 
loess or inwashed material from land surfaces which lacked a 
close vegetation cover. 

Kettlehole bog, originally a steep-sided tarn, is now filled 
with silt, organic mud and peat, and lies within moraine 
deposited, during the Poulter advance, on the south side of 
Sugarloaf (Fig. i.3); between the Cass lobe of the great 
Waimakariri Glacier and a bulge of ice from the main glacier 
(see section 5). In the earliest phases of development of 
vegetation and sedimentation in the tarn the aquatic plants, 
Isoetes and Potamogeton were present and they persisted until the 
transition to mire conditions late in the history of the site, 
when sedges, including Ca:11ex spp. and Schoenus paucifforus, and 
Sphagnum were important in the closed vegetation of the mires 
(Fig. 10•1). A similar history of development is known for the 
other sites although during the open water phase, there were, 
in addition to Potamogeton and Isoetes, varying amounts of MyriophyUum 
and Cha:11a. 

Later there is evidence for the presence of woody plants 
around some mires and, in some instances, on their surfaces. 
A layer of wood occurs in the Mt Horrible and Kettlehole bog 
sites and is especially dense in the latter. According to 
Lintott (1963) a tangled mat of gnarled branches about 8 cm in 
diameter is located in Kettlehole bog at a depth of 1.40 m and 
at Mt Horrible wood remains are frequent at depths between 
0.80 - 1.50 m. It is clear that shrubs once flourished on the 
surface of these two mires and on Kettlehole bog, in particular, 
the wood layer is so dense that it is sometimes difficult to 
penetrate with a peat auger. According to Lintott.and Burrows 
(1973) evidence from macrofossils suggests that, when the mire 
was surrounded by forest, there was a marginal band of Leptospe'Pl1TUlfl 
and Dacrydium bidwiUii, behind which Liboce@us bid.uiUii, Elaeocarpus 
hookerianus, PhyUocZadus aZpinus and others formed a zone bordering 
forest. The sediment types vary from silts and sands to organic 
lake deposits and peats. The latter appeared when closed 
vegetation finally covered the sites. 

At Lake Rawdon (Moar 1971) and Kettlehole bog (Moar 1971, 
Lintott and Burrows 1973), charcoal fragments were found in the 
upper peat layers, evidence of fire, which was a major factor in 
vegetation history during at least the last 1000 years. 

The Pollen and Macrofossil Information and Regional Vegetation 
Change 

Available pollen diagrams indicate that the trend of 
vegetatiop development after the end of the Otira Glaciation was 
from open grassland-shrubland through shrubland to forest. This 
trend is illustrated by the schematic pollen diagram (Fig. 10•2) 
which is divided into five zones coinciding with major changes in 
vegetation. In considering these trends it is important to 
understand that pollen identification is often not possible below 
the generic level and that representation of a pollen type in a 
sediment is generally dependent upon the pollination mechanism of 
the source plant. Thus pollen of wind-poliinated plants will be 
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better represented in a pollen analysis than pollen of insect
pollinated plants, and failure to recognise this could lead to 
misinterpretation of the data. Similar constraints apply to any 
climatic inferences which may be based upon pollen diagrams and 
for this reason it is important to record and identify any 
macrofossils found in the sampling sites. 

The earliest vegetation recorded is visualised as being open, 
with grasses, sedges, and other herbs, together with areas of 
scrub containing woody plants such as Coprosma, DY'acophyUwn and 
Myrsine. In the Kettlehole Bog and Mount Horrible diagrams, 
Coprosma gradually increased in frequency to reach a peak before 
being replaced by podocarp shrubland. The open character of the• 
vegetation is emphasised by the recovery of leaves of DY'acophyUwn 
pronum from the deeper layers of Kettlehole Bog, and of Racomitriwn 
7,,anuginoswn stems from both Kettlehole Bog and Wools·hed Hill. 
There is no evidence that forest was growing locally, but the 
occurrence of small quantities of Nothofagus pollen at all sites 
suggests that stands of Nothofagus survived the glaciation some
where outside the ice limits. Lintott and Burrows (1973) suggest 
that the trees may have occurred on the ranges fronting the 
Canterbury Plains, but survival must have been restricted to only 
the most sheltered and warm situations, for at Rubicon Creek, 
Kowai Catchment, there are only occasional records of beech pollen 
until the main spread of Nothofagus, thousands of years later. 

The open grasslands and scrub mosaics were replaced by 
shrub land, dominated first by Dacrydiwn bidwiUii and then by 
PhyUocZadus aZpinus, which contained a variety of other shrubs 
including Hebe and Pseudopanax. The occurrence of the tree 
Podocarpus haUii indicates the presence of some mountain totara 
forest. This sequence of changes is well documented in the 
mountains of inland Canterbury and it is clear that such shrub
land or low forest, characterised by dominance of P. a7,pinus and 
P. haUii, was once characteristic of the whole region. The 
position of D. bidwiUii in the sequence is puzzling, since 
PhyUocZadus aZpinus now ascends to higher altitudes, and it also 
prefers younger, more fertile soils than does D. bidwiUii. An 
explanation for the apparent anomaly is provided by work by 
Wardle & Campbell (1976) and outlined later in this account. 

The spread of podocarp forest follows the trend common to 
most parts of New Zealand. The recovery of macrofossils (leaves, 
seeds or wood) of Podocarpus dacrydioicies, P. spicatus, P. ferrugineus, 
Libocedrus bidwi7,7,ii, EZaeocarpus hookerianus and Pseudowintera coZorata, 
together with the pollen record, establishes the general 
character of the forest. It was almost certainly much richer in 
species than is indicated by either the pollen or the macrofossil 
records. However, the pollen data suggest that PhyUocfodus 
shrubland was not replaced, but rather, that podocarp forest 
occurred as enclaves within the·shrubland and, judged by available 
pollen diagrams, it is concluded that the. tree podocarps were 
restricted to the warmer sites in the valleys of 
the district. In this context it is interesting to note that, 
apparently, podocarp forest completely replaced PhyUocfodus 
shrubland at Rubicon Creek (c. 450 m) and at Lake Henrietta, 
Rakaia catchment (c. 600 m; Moar 1973), thus emphasising the 
complexity of the pattern of forests which developed at that time. 
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Plants present during vegetation development 
and sedimentation in Kettlehole bog. 
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However, PhyUocZadus persists in the Cass area to the present day 
and is found within beech forest, around the margins of mires 
within forest, and occasionally, as stands outside forest. 

Later, Nothofagus forest replaced the podocarp vegetation and 
became dominant throughout the region, although recovery of 
Podocarpus dacrydioides macrofossils from Kettlehole bog shows that 
podocarps 1 ingered on in the are a. P. dacrydioides, P. spicatus and 
other podocarps are still present in the Waimakariri Gorge, 
P. haUii is sc.;attered in forests of the Waimakariri catchment, 
and there is at least one larger stand, near Anticrow Creek, in 
the upper Waimakariri Valley (Burrows, pers. comm.). In the 
sediments of Remus Swamp, studied only for macrofossils 
(C.J. Burrows & H. Drake pers. comm.), Nothofagus leaves occur in 
the soft, yellow lake sediments (probably derived from Typha) 
almost to the bottom of the deposit, at 350 cm. Fossils of other 
species present include PhyUocZadus ·aipinus, Podocarpus nivaUs and 
various other shrubs and some herbs. With the establishment of 
Nothofagus forest the sequence of natural change was complete, and 
the general disposition of forest and grassland before the 
arrival of man is indicated by maps and transects prepared by 
Burrows (1954, 1960), Molloy (1969) and in section 11. 

The most important recent event in the post-glacial history 
of New Zealand was the arrival of man. His impact upon the 
vegetation in eastern South Island, and in the Cass area in 
particular, is well documented, and was certainly catastrophic 
(Molloy et al. 1963, Molloy 1969). The devastating effect of fire, 
recorded by the frequent, and often abunqant, presence of 
charcoal in the soil and sometimes in peat, is discussed in 
detail in section 11. The pollen record of this event has not 
been studied in great detail in New Zealand (but see Thorburn 
(1974)), although it can be detected in pollen diagrams by a 
marked decline in the Nothofagus pollen curve and by a complementary 
rise in the curves for grass and sedge pollen. At Kettlehole bog 
an increase in the frequency of Leptospermum pollen is another 
indication of forest clearance, and the presence of Pinus and 
Salix pollen in the uppermost peat layers is evidence of European 
settlement. 

Inferred Environmental Changes 

The changes in vegetation discussed above lead to a 
consideration of climate history. It is a reasonable inference 
that the sequence of plant communities represents a response to 
increasing temperature after the rigours of the last glaciation. 
The nature of the increase is difficult to assess, and must remain 
so until we have data from many more sites throughout the country. 
However, Moar (1971) suggested that the climate represented by the 
early post-glacial grassland-shrubland was subalpine in character 
and Lintott and Burrows (1973) believe that the recovery of 
D!>aaophyUwn pronwn leaves from the deepest layers of Kettlehole bog 
provides evidence of cold climatic conditions. 

The change to shrubland implies a response to a progressive 
improvement in climate although, as noted earlier, the sequence, 
Dacrydiwn bidiuiZUi - PhyUocZadus aZpinus apparently does not accord with 
the modern ecology of the two species, with respect to soil 

• 
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conditions and altitude range. 

A recent paper by Wardle & Campbell (1976) provides a 
plausible explanation. In tests of low temperature tolerance 
of the three species, D. bidwiUii withstood temperatures about 
3°c lower than could P. a7,,pinus and 5-10 °c lower than could 

- --.. ~ 

N'othofagus so?,,andri var. cUffortioides. The inference is that, 
1 

during late-glacial times, when small glaciers and snowfields 11 

occupied cirques and valley heads, the mountain sites were subject 
to sharp night temperature inversions and very low minimum 
temperatures. . D. bidzviUii, by its tolerance of frost, was 
predominant and P. a7,,pinus could not spread until the temperatures 
improved. 

Continuing climatic improvement resulted in the remarkable 
spread of tree podocarps including P@docarpus dacrydioides., P. spicatus 
and P. ferrugineus into the Cass Basin, which invaded, but did not 
replace, the PhyUoc?,,adus shrubland. The presence of Podocarpus 
ferrugineus and P. spicatus at Cass imply a more equable climate 
than obtains today, i.e. a higher, more evenly distributed 
rainfall and a less extreme temperature range. In any event, the 
present climate at Cass is now not suitable for tree podocarps 
which occur at lower altitudes and in moister sites (Burrows 
1962, Lintott & Burrows 1973). 

It is known that the spread of Nothofagus torest was not a 
synchronous event in the South Island, so the rising Nothofagus 
pollen curve cannot be used to define New Zealand-wide change in 
climate. Nevertheless the change from podocarp to Nothofagus must 
imply a response to climate change during the forest period, 
although the threshold may have been crossed in different regions 
at different times. According to Moar (1971) climate change 
during this period was expressed by a drift towards the present 
less equable conditions which may have initiated, but because of 
local differences, did not directly control, the replacement of 
podocarps by Nothofagus in critical areas. The possible 
connection of fire with climatic change and the Nothofagus 
expansion is noted in section 11. 

The Time Scale 

It is important to know when the events discussed above 
occurred and radiocarbon assay provides the technique for this 
{Table 10A}. Unfortunately there are no radiocarbon dates from 
the C~ss Basin for the early post-glacial, which is generally 
·believed to have begun with the major retreat of glaciers about 
14,000 yea,rs ago ( Sugg ate 19 65) , at which time grassland was 
dominant at Rubicon Creek. A younger sample from Rubicon Creek, 
in which pollen is scarce, suggests that grassland was still 
persisting there a thousand years later, and in the Upper Rakaia 
Valley, 60 km to the south, grassland vegetation was dominant at 
least 12,000 years ago (J.B. Russell pers. comm.). In the upper 
Rakaia Valley, PhyUocfodus shrubland, along with some Podocarpus 
ha7,,7,,ii forest, began to spread about 10;000 years ago, at about 
which time, or slightly later, it was dominant in the upper 
Waimakariri Valley and apparently remained so until at least 
7,500 years ago {C.J. Burrows pers. comm.}. In other parts of 
the South Island, however, as in lowland Westland {Moar 1973) and 



TABLE lOA: RADIOCARBON DATES REPRESENTATIVE OF VARIOUS SOUTH·ISLAND SITES MENTIONED IN TEXT AND 
WHICH ILLUSTRATE THE TIMING OF VEGETATION CHANGES PARTICUIARLY !N THE CASS REGION. 

SITE 

Hamilton Creek, Rakaia Catchment c.760 m. 

Upper Waimakariri Valley c.760 m. 

Upper Bealey River c. 760 m. 

Rubicon Creek c.450 m. 

Kettlehole Bog c.600 m. 

Swampy Hill, Otago c.700 m. 

Upper Bealey River c. 760 m. 

cameron Valley, Arrowsmith Range c.620 m. 

Upper Waimakariri Valley c.760 m. 

Upper Rakaia Valley c.730 m. 

Gillespie's Beach Road, South Westland c.100 m. 

Swampy Hill, Otago c.700 m. 
J 

Upper Rakaia Valley c.730 m. 

Rubicon Creek c.450 m. 

Rubicon Creek c.450 m. 

RADIOCARBON AGE 

4,550 ± 80 

4,620 ± 80 

4,830 ± 90 

NZ-73 

NZ-72 

NZ-1594 

5,180 ± 90 NZ-1905 

6,330 ± 115 NZ-1390 

8,250 ± 450 NZ-1076 

9,400 ± 90 NZ-771 

7,600 ± 110 NZ-1904 

9,140 ± 150 NZ-1288 

9,500 ± 100 NZ-1910 

10,000 ± 150 NZ-1653 

ll,700 ± 140 NZ-1093 

ll,850 ± 110 NZ-773 

ll,900 ± 200 NZ-1652 

12,750 ± 210 NZ-1391 

14,100 ± 240 NZ-1392 

VEGETATICN 

N. solcuzd:t,i var. aLiffortioides leaves 

numerous (Molloy and Cox 1972) 

N. soZan.d:ri var. aLiffortioides leaves 
numerous (C.J. Burrows pers. comm.) 

N. fusaa type pollen dominant; leaves of N. soZandri 
var. aUffortioides recorded just above. 
(C.J. Burrows, pers. conun.) 

Nothofagua fusaa type pollen dominant. 

PhyZZoal,adus and Podoaarpus; P. daaeydioides, 
P. spiaatus, P. ferrugineus macrofossils (Moar 1971) • 

PodoaaPpUs pollen, including P. spicatus, dominant. 
!McIntyre and McKellar 1970). 

PhyUoaZadus shrubland; FhyZZoaZa.d.us pollen· dominant. 
(C.J. Burrows, pers. conun.) 

Podor:xzr,pus haZZii and PhyZZoaZadus, macrofossils 
dominant. (C .J. Burrows, pers. comm. l 

PhyUoal,adus ·shrubland; cladodes of P. aZpinus 
present and i;,ollen dominant. (C.J. Burrows, pers. comm.) 

Beginning of PhyZZoaZadus-Podoaa:t'pUS phase. 
(J.B. Russell, pers. conun.) 

Base of deposit; Myrsine and Coprosma dominant. 

Base of deposit; Coprosma shrubland dominant. 
(McIntyre and McKellar 1970). 

Early Aranuian grassland; minimum date for recession 
of last Otiran advance; shrub pollen present. 
(J.B. Russell, pers. conun.l 

Early Aranuian grassland; pollen very scarce. 

Late Otiran grassland; woody plants absent. 

} 

I 

Beech forest 

Podocarp forest 

Shrubland (and patches 
of mountain totara· 
forest and grassland) 

Grassland 

_, 
Ul 
+= 

,_,~ 
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at Swampy Hill, coastal Otago (McIntyre and McKellar 1970) shrub
land was dominant as early as 12,000 years ago and apparently 
remained so for a long period. The timing of the spread of 
podocarp forest at Cass is uncertain, but according to Moar (1971} 
it occurred there some time before 8,000 years ago, and elsewhere 
in the South Island this event began about 10,000 years ago. 
Nothofagus forest was dominant at Rubicon Creek before 6,000 years 
ago, in the neighbouring Rakaia catchment before 5,000 years ago 
(Molloy and Cox 1972} and was certainly dominant in the Upper 
Waimakariri by that time although not present in the Upper Bealey 
·River 7,600 years ago (C.J. Burrows pers. comm.}. On present 
evidence, therefore, Nothofagus began to spread in the Cass area 
some time between 5,000 and 8,000 years ago, an event which, at 
Cass, requires dating with greater precision. The available data, 
however, indicates clearly enough that the vegetation pattern was 
a complex one and that at any particular time its expression 
varied with altitude and other site factors. The timing of forest 
destruction by fire is known with more certainty, and available 
dates place this event at about 700 years B.P. although natural 
fires are known to have occurred earlier. These events are 
discussed in detail by Molloy in section 11. 

This account of post-glacial vegetation history in the Cass 
area is much more detailed than the account by Young and Moar in 
"The Flora of Cass" (Philipson & Brownlie 1958). The trends of 
a complex process involving climate, pedogenesis, migration 
rates and survival during the last glacial period are emerging 
and can be seen in relation to events in the broader context of 
the South Island. More data are required to understand these 
trends in detail and it is hoped that a more complete story can 
be presented in a ,subsequent edition of this book. 
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11. THE FIRE HISTORY 

B.P.J. Molloy 

Fire has been an important element in the Cass environment 
at intervals since deglaciation of the area. This is evident 
not only from written and photographic records covering European 
occupancy but from tell-tale charcoals in surface and old buried 
soils. Evidence of ancient fires. is also inferred from the 
ecology and distribution of plants, and from soil and erosion 
features. 

The history of fires affecting the Cass area can be divided 
into the following periods: 

1. Before c.1000 A.D. 
2. 1850-c.1000 A.D. 
3. present - 1850 A.D. 

Pre-settlement 
Polynesian settlement 
European settlement 

By the use of radiocarbon dating, and wi~h the aid of 
historical records, fires can now be assigned with confidence to 
each period. But it is well to remember that the effects of fire 
may extend from one period into the next. 

European Fires 

It is convenient to begin with fires in the period of 
European settlement, then work back in time. Since the first 
recorded European fire in 1857, the frequency of burning has 
increased (Table 11A, compiled by C.J. Burrows, and see sections 
13 and 15). Except for forest clearance in the lower Cass River 
valley and on the northern flanks of the Craigieburn, Black and 
Academia Ranges - Mt. Misery, European burning seems to have been 
less spectacular than earlier fires in its overall effects on the 
Cass landscape. This view is supported by comparing early maps 
and photographs with the present scene, and with reconstructions 
of the former vegetation (Fig. 11•1). Torlesse's map (1858, 
Fig. - 2 • 2) shows roughly the same distribution of fo:r§_st a.s _ _at 
present (see also Figs. 2.3, 2.4, 2.7, 2.8, 12.3, 12.5. 12.7 and 12.8• 

The effects of European fires may be summed up briefly as _ 
being the removal of some forest and its replacement by grasslandj 
accompanied in some places by severe soil erosion (mainly 1860s 
to 1890s); continued burning of grassland and scrub areas, which 
maintained these in the form of degraded grassland (up to 1920, 
with some later fires, accidental or otherwise, with the same 
effects, up to the 1960s). Areas which have remained unburnt 
and not too heavily grazed since the late 19th century have 
gradually reverted, through mixed scrub, or Leptospermum, towards 
beech forest. It seems clear that most of the area still has a 
forest climate and in the absence of further disturbance would 
eventually become forested again, given time of the order of a 
few centuries. In some places soil infertility (possibly itself 
a result of burning) would delay succession more than in others. 

l 



Date 

1857 

before 1870 

shortly before 1868 

1880s 

1895 

about 1895 

1895 

189.6 

after 1907 

shortly before 1914 

about 1914 

1914 

1919 

1920 

about 1933 

1935 or 36 

1940s 

about 1944 

1945 

1946 

1947 

1947 

about 1947 

1947 

about 1947 

1956 

1959 

1963 

1960s 

mid 1960s 

1972 

early 1970s 

1 58 

TABLE llA1 SOME FIRES IN THE CASS DISTRICT 
SINCE EUROPEAN SETTLEMENT 

Locality, Effects 

Probably near Craigieburn cutting, Lake Pearson, Slovens 
creek and Lake Sarah. Sane forest but probably mainly 
scrub, grassland 

East side of Betwixt, Mt Horrible and Mt Misery. 
North face of Baldy Hill. Forest. 

Craigieburn Cutting. scrub, forest. 

Bealey - Broad Stream - west side of Mt Misery. Forest 

Craigieburn. Forest. 

Mts Cloudesley, Izard, Cheeseman area. Forest; grassland. 

Bealey Spur - Burnt Face. Mainly forest. 

Mt White (Puketeraki Range). Forest. 

Anticrow Spur. Forest. 

Both sides of Cass River above Grasmere homestead. 
Forest, scrub. 

Chilton Valley. Scrub, grassland. 

Near Cass Field Station. Grassland. 

Near Cass Field Station. Scrub, grassland. 

Sugarloaf, Cass Hill. Scrub, grassland. 

Magog, east face. Grassland. 

East end of Sugarloaf. Scrub, grassland. 

South side of Mt Binser. Grassland, scrub. 

Slopes beneath Betwixt. Scrub, grassland. 

North-east face of Long Hill. Scrub, grassland. 

Kettlehole area. Scrub, grassland. 

Goldney Saddle. Scrub, grassland. 

Fan near Cass Field Station, lower slopes 
Cass Hill, Sugarloaf Fan. scrub, grassland. 

Bullock Hill, craigieburn. Grassland. 

Og - Gog. Grassland. 

Nomans Land, Flock Hill. Scrub, grassland. 

Slopes of Mt Baldy, Ribbonwood Fan (grassland) 
Ribbonwood Creek (some forest). 

Goldney Saddle - Corner Knob. Scrub, grassland. 

Cave Stream, West side of Highway 73 to 
near Parapet Rock. Scrub, grassland. 

Near Lake Blackwater, Craigieburn. 

Goldney Saddle. West side of Highway 73. 
Scrub, grassland. 

Mt White (Slopes of Mt White, Peveril Peak). 
Forest scrub. 

Slopes below Mt Binser near Poverty Stream. 
Forest, scrub, grassland. 

Reference 

Acland 1951 
(Pearson's fires) 

McLeod 1974, 
Barker photo 

Mundy photo 

McLeod 1974 

Dick 1956 

J. Stone 

Dick 1956 

Dick 1956 

D. McLeod 

McLeod 1974, 
Foweraker photo 

Foweraker photo 

Chilton letter 

Chilton letter 

Chilton letter 

D. McLeod 

D. McLeod 

D. McLeod 

Cumberland photo 1944 

Sheppard 1965 

Sheppard 1965 

Sheppard 1965 

Percival 1958 

J. Stone 

Sewell 1947 

J. Stone 

Dick 1956 

Sheppard 1965 

A. Nordmeyer 

D. McLeod 

C.J. Burrows 

A. Nordmeyer 

C .J. Burrows, 
B.P.J. Molloy 

There are certain to have been numerous grass and scrub fires, not recorded here, in the 19th Century and 
early 20th Century. Some forest in the lower Poulter Valley is likely to have been burnt in the 19th century, 
also and the area.on the south-west side of woolshed Hill. No dating of fires is available for these areas. 



VALLEY FLAT GRASSLAND 
ANO SCRUB 

:t:. _i MIRE 

SNOW TUSSOCKJ!ILPINE 
ROCK AND DEBN1S ABOVE 
TIMBERLINE 

Fig. 11• l 

159 

t 

A reconstruction of vegetation in the 
Cass district 1000 years ago. 

20 

10 

30 



160 

Little evidence is available to assess the effects of 
European fires on alpine grasslands. Some areas above timberline 
in the Craigieburn Range undoubtedly have been burnt. Other 
areas in Purple Hill, Constitution Hill, Mt. Binser and Woolshed 
Hill apparently have been burnt and the degraded grasslands which 
occupy such sites contain an abundance of species such as Celmisia 
lyaUii, C. spectabilis and Poa colensoi, which increase after fire, 
and an admixture of species found abundantly in the lower 
altitude grass lands (Cyathodes fraseri, Raoulia subsericea, Festuca 
novae-zelandiae). 

Polynesian Fires: Background Studies 

In a previous account, Burrows (1960) demonstrated a former, 
more continuous cover of forest and snow-tussock grassland, and 
showed that earlier writers (e.g. Cockayne and Foweraker 1916) 
had misinterpreted the status of present communities. Burrows's 
reconstruction was based on observations of remnant vegetation, 
former forest and relic snow-tussock soils, floristically-mixed 
communities, and widespread hybridisation in the local flora. 
From this evidence and charcoal remains in the adjoining Castle 
Hill basin, he concluded that catastrophic changes had taken 
place before European settlement. At that time there were no 14 C 
dates available to help pinpoint the catastrophe, and the time 
scale was underestimated, though Burrows implied that early Maori 
fires were responsible. 

Since then, charcoals from the Craigieburn Range and Porter's 
Pass have been aged by radiocarbon assay. The 14C dates obtained, 
together with those for other parts of the eastern South Isiand, 
point to widespread forest destruction by fires occurring between 
500 and 1000 years ago (Cumberland 1962, Molloy et al. 1963). It 
is generally believed that these fires were lit deliberately or 
accidentally by early Polynesian hunters in a manner similar to 
forest clearance by primitive cultures elsewhere. 

This information has been used to trace the history of 
plants and soils for Porter's Pass (Molloy 1964), for the 
Waimakariri catchment (Molloy 1967), and for Canterbury generally 
(Burrows 1961, Molloy' 1969). More recently 14C dates have been 
determined for charcoals from the Cass area itself (Grant-Taylor 
and Rafter 1971) and these have been used to help interpret the 
pollen diagram from Kettlehole Bog (Lintott and Burrows 1973). 
Additional dates are available from further work near Porter's 
Pass (Goh and Molloy 1972). Altogether these .dates make it 
possible to unravel the Polynesian fire history of Cass (in its 
setting in the Waimakariri catchment) with fresh confidence. 

Interpretation of Radiocarbon Dates 

Relevant charcoal dates are set out in Table 11B; further 
details are given in the publications listed below. The results 
for Cass and places nearby are separated in the main body of the 
table; the lowest part lists samples that were specially treated 
prior to radiocarbon analysis. Before considering the merit of 
these 14C dates a brief summary of procedures and systematic 
errors is desirable. 



Reference 
No. 
-

NZ 655 

NZ 658 

NZ 656 

NZ 657 

NZ 660 

NZ 659 

NZ 662 

NZ 391 

NZ 304 

H 1050 

H 1051 

--

S74/640 

S74/641 

S74/642 

TABLE llB: RADIOCARBON DATES FOR CHARCOAL DERIVED FROM POLYNESIAN FIRES 
AT CASS AND PLACES NEARBY 

Sheet and Age years 
Collector Grid Ref. LOcality & Altitude Species before 1950 

J.E.Cox/B.S.Kear/B.P.J.Molloy S59/236243 Woolshed Hill, 1113m mountain beech 392±37 

II " JI S59/224230 II 620m red beech 481±40 

" " JI S59/227233 II 701m JI 507±53 

" " II S59/228233 II 730m mountain beech 786±53 

JI " " S59/210231 Trig H, 823m red beech 488±52 

JI " " S59/216244 The Pyramid 970m JI 564±50 

A.Hooper/J.E.Cox/C.O'LOughlin S66/203055 Craigie Burn 1006m 465±33 

P. Wardle S66/180028 Broken River 945m 609±95 

B.P.J. Molloy S74/218857 Porters Pass 1067m mountain beech 510±50 

,II " " " " 950±105 

JI s74/214857 " 975m " 700±105 

B.P.J. Molloy S74/187863 Lake Lyndon 854m mountain beech <2 • 4 Onun} . 446 ± 70 sieve 
II II " II 11 2.40-4. 76mm open- 506±70 
II " JI " JI >4. 76mm ing 612±70 

....,. 
O'\ 
I-' 

- I 
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Laboratory procedure followed in New Zealand at the 
Institute of Nuclear Sciences is referred to by Grant-Taylor and 
Rafter (1971). In most publications the dates are reported - as 
in Table 11B - to a statistical accuracy of 1 sigma (i.e., a 1:3 
probability that the true age lies beyond the limits given) and 
are given in terms of radiocarbon years before 1950 A.D. (pre
nuclear detonations), using the conventional Libby half-life for 
radiocarbon of 5,568 years (old T½), and adding a correction for 
the Industrial Effect (release of "dead" carbon by burning fossil 
fuels) of 120 years for land-based material. When calculating 
these results, carbon-isotopic fractionation is monitored and 
standards are periodically checked. 

Recently it has been customary for the New Zealand laboratory 
to issue collectors with a second date using the physical half
life of 5,730 years (new T½), thereby increasing the 14C age by 
3%. If the sample dated proves to be no older than 8000 radio
carbon years, and is of terrestrial origin, a third date is 
supplied by correcting the new T½ result for secular variations, 
i.e. long-term changes in the contemporary concentration of 14 CO 2 
in the atmosphere. From dendroch~onological studies of the 
long-lived bristlecone pine (Pinus ariistata), it has been found 
that conventional 14C dates are not in exact agreement with 
tree-ring dates (assuming tree-ring years equal solar years). 
The deviations are thought to be real and of sufficient magnitude 
to affect conversion to calendar years by important amounts. 
Calibration scales have been proposed to correct these 
discrepancies and, briefly, these show that between 1800 and 
1400 A.D. 14C dates are too young by about 1,90 years; from 1400 
A.D. to 300 B.C. 14C results are too old by about 60 years; 
earlier than 600 B.C. 14C dates get progressively too young, with 
a maximum deviation of 800 years too young round 4500 B.C. 
(Rafter 1975). This correction is of particular interest to 
students of human cultures. 

Returning to Table 11B, there is a wide range of dates 
reported, leaving aside for the moment the treated samples f.rom 
Lake Lyndon. Two of the oldest - H 1050 and H 1051 - were 
determined by th~ Humble Oil and Refining Company, U.S.A., and 
are considered to be less reliable than the New Zealand dates 
(cf. NZ 304 and H 1050; both from exactly the same site). The 
Humble dates apart, there is still a potential difference of 
almost 400 years between the youngest and oldest sample listed. 
Re-calculation of these dates using the 5730 half-life would 
merely shift the range, but correction for secular variations 
should narrow it. Even then the difference between extreme dates 
would be large enough to suggest at least two fires at different 
times. However, this view is difficult to sustain with field 
evidence. Rather, it is postulated that only one fire occurred 
and the different 14C dates reflect other sources of error which 
might be termed "collectors' errors". 

The first concerns the wide age-range of wood that is 
exposed to a forest fire .. In this case the two main tree species 
involved, mountain beech (Nothofagus solandri var. cUffortiodes) and 
red beech (N. fusca), have estimated life spans of 300 and 400 
years respectively, with some trees exceeding these limits 
(Wardle 1970, Conway 1952). A standing forest can support up to 
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three generations of these trees, a few veterans of unknown age, 
and fallen logs which might be even older. Further, both 
species, especially red beech, tend to rot in the centre, leaving 
an outer cylinder of firm wood. As the fire in 1972 on Mt. White 
shows, these trees burn fiercely, yielding much charcoal from the 
older, inner part of the trunk as well as some from the outside .. 
Charcoals derived from all these sourcest in onlv one fire, could 
help to explain the range of 14C dates in Table 11B. 

Another important source of error concerns the contamination 
of buried charcoals by younger carbon in the form of humic 
substances translated through a soil profile. This is 
demonstrated by the trio of 14 C results from Lake Lyndon 
(Table 11B). In this study a large sample of pieces of stem 
charcoal of mainly mountain beech was cleaned, dry-sieved into 
three size-classes, and each analysed and dated separately. The 
results show that smaller pieces of charcoal give younger 14C 
dates than larger pieces, suggesting greater contamination with 
decreasing particle size. Chemical fractionation confirmed this 
trend and established that the main contaminants are the very 
mobile fulvic acids (Goh and Molloy 1972). Contamination of this 
sort is common in buried charcoal and is especially significant· 
in material derived from earlier fires and buried for longer 
periods. It can be removed largely by exhaustive treatment with 
a mixture of sodium hydroxide and sodium pyrophosphate and dating 
the acidified residue, usually leading to older 14 C results (Goh 
and Molloy 1972). 

Both these errors will vary, according to individual site 
circumstances, and systematic correction is unlikely to be 
possible. Analysis of most of the charcoals listed in Table 11B 
shows that all are contaminated to different degrees. However, 
current research suggests that the correction required for 
charcoals in this age-group will be small, and probably not as 
much as the adjustment needed to account for the age range of 
wood involved. 

Summarising, if allowance is made for secular corrections, 
age of wood burnt, and subsequent contamination, and assuming no 
further errors, then the true age of the fire that produced these 
charcoals lies between the extreme conventional dates in the 
cluster; probably between 500 and 600 years ago. This would 
still place the time of the fire within the known period of 
Polynesian settlement, and when hunting (presumably for rnoa) 
still prevailed in the South Island. 

Distribution and Composition of Charcoal 

Charcoal attributable to Polynesian burning is widespread in 
the Cass area under forest and other vegetation. The total area 
more or less affected by this fire is given by Molloy (1967, 
Fig. 7.9); the westernmost limits broadly coinciding with the 
180 cm (70 in.) rainfall isohyet, or along a N.E.-S.W. line from 
Bull Creek to the upper Waimakariri River valley near Anticrow. 

Several areas seemed to have escaped burning, however, and 
large tracts of forest on the Craigieburn and Academia ranges, in 
the Cass valley, were unfavourable to the expansion of forest 
fire. Nevertheless, the fire penetrated deeply even into these 
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areas and well inside nearly all existing forest boundaries. 
Indeed, all the 14C samples so far collected from Cass were found 
in forest stands that, outwardly, appear mature and undisturbed. 
This fact in itself is a useful indication of the minimum age of 
the fire. Some of these stands have been cleared again by 
European fires (Table 11A), leaving behind surface charcoal and 
charred stumps. Charcoal of probable Polynesian origin is also 
plentiful under scrub and grassland above and below the natural 
tree limit (about 1370 m) except on the Cass fan, the fan of the 
Craigie Burn, and in the tussock-covered alluvial flats of the 
Waimakariri River. 

Charcoal is more abundant on steep slopes and fans, mainly 
because of its rapid burial there and preservation by post-fire 
erosion and deposition. Normally it.is found just above a 
yellowisq-brown subsoil and overlain by varying amounts of soil 
or erosion materials. Under existing forest some of this 
charcoal lies immediately below the present litter layers. On 
easier-sloping surfaces, where post-fire erosion/deposition has 
been negligible, charcoal is less plentiful, though fragments 
can usually be seen in the transition zone between topsoils and 
subsoils of the present solum. 

Above the natural tree limit, shrub and grass charcoals 
predominate and can be readily identified as subalpine and alpine 
genera such as Hebe, DracophyUum, Coprosma and Chionoch"loa. Below the 
tree limit most of the charcoal found in ex-forest soils is 
derived from mountain beech, though smaller species such as snow 
totara (Podoca.rpus nivaUs), mountain totara (P. haUii), mountain toatoa · 
(PhyUocladus alpinus)., DracophyUum and Coprosma occasionally occur 
along with beech remains. North of the Waimakariri River, under 
existing red beech, much of the charcoal found is referable to 
this species. Samples from near Goldney Saddle and from Sugar-
loaf Bush also resemble red beech, but the beech species are not 
easy to separate anatomically and these identifications are 
tentative. All these remains indicate vegetation similar in 
composition to present primary communities. 

Post-fire Trends and Changes 

As Burrows (1960) implied, Polynesian burning is responsibl;! 
for profound modification of the Cass landscape, mainly in the 
form of forest clearance and reduction of snow-tussock grassland 
above tree limit. The replacement of this vegetation by scrub, ) 
grassland and bare shingle continues to the present day. Massive 
forest clearance in the centre of the basin at this time is also 
recorded in the pollen diagrams from Kettlehole Bog (Lintott & 1 

Burrows 1973) and Lake Hawdon (Moar 1971), and is further / 
supported by charcoal at the critical levels in both peats. The 
sudden change is barely recorded in the pollen diagram from 
Mt. Horrible, where, unfortunately, the upper 80 cm of peat was 
too wet to sample, and is not illustrated at all in the diagram 
from Woolshed Hill (cf. Moar 1971). The latter site, especially, 
reflects the close proximity of undisturbed forest before and 
since the time of the fire. 

Present evidence, based solely on the distribution of 
charcoal in former forest soils, supports the initial vegetation 
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reconstruction of Burrows (1960, Fig. 2) and recent amendments 
by Lintott and Burrows (1973, p.278). However, care must be 
exercised in interpreting vegetation history from major 
constructional landforms and reconnaissance soil maps. For 
example, some areas labelled "Recent soils" on the eastern side 
of Lake Pearson and on the Broad Stream Fan on the 1:250,000 soil 
map series (N.Z. Soil Bureau 1968, Sheet 6) are, in fact, old 
forest soils complete with beech charcoal. In section 8 they are 
mapped accordingly. Other areas mapped as recent soils, post
date Polynesian and later fires and now overlie former forest 
sites. Good examples occur on the complex fans of Ribbonwood 
Stream and the western slopes of Lake Pearson. On the other 
hand, much of the "older" recent soils of the Cass fan, the 
Craigie Burn fan, and the Waimakariri Valley seem 
to lack this forest evidence and are mapped as the recent Tasman 
soils, though some could be many thousand years old~ It seems 
tp.at the climate of these sites, notably temperature inversions, 
drought and other factors, is inimical to forest, which stops at 
the foot of surrounding slopes forming a sort of "inverted 
timberline" (Wardle 1971, and see Section 16). There is strong 
support for this argument in the abrupt forest margin at 
Ri versdale, but the argument is less convincing on .the Cass fan 
and at Craigie Burn and further study of other factors is needed. 

Other features of the Cass landscape which reflect Polynesian 
burning include the reduction in tree limit, widespread 
hybridisation in the flora, and accelerated erosion. An 
excellent example of all three can be seen near the upper forest 
margin on the western slope of Woolshed Hill near the mouth of 
the Hawdon River. Natural erosion gained impetus as a result of 
Polynesian burning, and it is quite clear that the most 
spectacular examples of accelerated erosion in the area are found 
east of the Bull Creek - Anticrow line where charcoal is abundant. 

I
-< Along Highway 7 3, on the west side of Lake Pearson, exposures of 

buried soils show that numerous debris flows occurred after the 
l_~deforestation. . · 

An interesting feature is the presence of red beech charcoal 
under existing stands of red beech in the Hawdon - Andrews region. 
Here, red beech occupies favourable midslope positions in 
otherwise mountain beech forest, and seldom ascends higher than 
about 900 m. When new growth begins each year, these red beech 
pockets stand out clearly. This type of distribution has been 
considered a relic feature and a direct response by red beech to 
recent (13th Century) climatic change generally unfavourable to 
it (Halloway 1954, Burrows 1960). However the 14C evidence and 
observations of the response (by quite vigorous regeneration) of 
red beech to other disturbances here, such as avalanches, wind
throw and partial felling, suggest that this pattern is of much 
longer standing. Red beech continues to be viable in these sites. 

Pre~settlement Fires: Background Studies 

Dated cultural remains indicate that Polynesian settlement 
in New Zealand began about 1000 A.D., though an earlier date, 
say 700-800 A.D., might be acceptable for initial landfalls. 
Unless evidence of even earlier arrivals is forthcoming, charcoal 
dates greater than 1500 radiocarbon years are assumed to age 
natural pre-settlement fires. In regions not known to be 
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affected by Late Quaternary volcanism, these fires are believed 
to arise from lightning strike. 

Cox and Mead (1963) discovered evidence for periodic fires 
and sedimentation on the Canterbury Plains extending back for 
6500 years. Among the buried and surface soils they studied, 
at least two natural fires were apparent; one about 3500 years 
ago, and one possibly about 6000 years ago. Additional material 
gathered by these workers suggests other fires between 2000 and 
6000 years ago (see Grant-Taylor and Rafter 1971). 

Since this initial work, other buried soils with charcoal 
in them have been discovered in various mountain districts 
throughout the South Island. Some· 1 '+c dates are available, 
though unpublished, and these generally support the Cox/Mead age 
series of natural fires. Several dates fall within the 2000-3500 
year range, with an even greater cluster of dates between 5000 
and 6500 years before the present (1950). With few exceptions 
most of these dates are not corrected for secular variations or 
possible sample contamination. Adjustments for these errors 
could narrow the apparent frequency of natural fires suggested 
by conventional results. 

Charcoals are also known to occur in deposits of Late 
Pleistocene age (e.g. Molloy 1964, p.175), but most of these are 
heavily contaminated and their true age lies beyond the limits of 
the radiocarbon method (Goh et ai. 1977). Thus fire as an 
occasional but persistent natural phenomenon in the South Island 
can now be fully accepted; the evidence for it at Cass and 
elsewhere is clear and compelling. 

Interpretation of Radiocarbon Dates 

So far there is only one l'+c date available for the Cass 
area which is certain to age a natural fire. This is the 
conventional date of 4610 years reported by Grant-Taylor and 
Rafter (1971) and Molloy and Cox (1972) for charcoal from the 
summit of Sugarloaf. At 1360 m this is one of the highest known 
examples of natural fire. The sample was collected from under 
snow-tussock vegetation and above a shallowly-buried podzol in a 
position similar to charcoals dating Polynesian fire in this 
district. The 1 '+c result was therefore surprising and 
unexpected, and emphasises the caution needed when interpreting 
relative ages of buried charcoals from stratigraphic evidence 
alone. 

The Sugarloaf sample later proved to be heavily contaminated 
with humic substances, and its true age is probably much older 
than the conventional date given. Just how much older is 
indicated by comparing this date with treated samples from 
possibly another natural fire at nearby Lake Lyndon (Table 11C). 
The results again demonstrate, perhaps even more clearly than 
Table 11B, the effect of charcoal size on 1 '+c age, and in 
particular the strong influence of soil humic contaminants. 
Removing these contaminants and dating the acidified residue, 
or humin, leads to a significant increase in 1 '+C age and, by 
inference, 1 '+C reliability (Goh and Molloy 1972). Without this 
kind of treatment it is not possible to say whether the Sugar 



Reference 
No. 

NZ 661 

S74/643 

S74/644 

S74/654 

S74/662 

S74/665 

TABLE llC: RADIOCARBON DATES FOR CHARCOAL DERIVED FROM NATURAL FIRES 

Collector 

J.E.Cox/C.G.Vucetich 

B.P.J.Molloy 

" 

B.P.J.Molloy/K.M.Goh 

II II 

II II 

Sheet and 
Grid Ref. 

S66/255168 

S74/187863 

II 

" 

II 

II 

AT CASS AND LAKE LYNDON 

Locality Species 

Sugarloaf, 1360m PhyZZo~lcxdus/PodocaY'J?us 

Lake Lyndon, 854m PhyZZocZadus etc., 120mm 

II " 120mm 

" II untreated 

II htnnic acid from S74/654 

II humin from S74/654 

Age years 
before 1950 

4610±50 

5620±110 

6890±110 

6720±100 

6810±140 

7450±70 

~ 

O"I 
-..J 



168 

Loaf sample was derived from the same or a different natural fire 
to the one recorded at Lake Lyndon. That definitely more than 
one natural fire ·occurred within the Cass basin is confirmed 
below. 

Distribution and Composition of Charcoal 

The Sugarloaf charcoal is derived from mountain toatoa and 
snow totara and is consistent with present, mainly subalpine, 
distributions of both these species. It is difficult to say how 
widespread this evidence is at these high altitudes because of 
possible confusion with charcoal derived from later burning 
during Polynesian times. The evidence for the Lake Lyndon fire 
is less confusing and apparently more widespread. It consists, 
as a rule, of a deeply-buried soil with charcoal, overlain first 
by erosion material, then by another soil, also with charcoal, 
which in turn is buried by further erosion material. Such 
multiple buried soils occur in the Kowai River catchment, and at 
Porter's Pass, Lake Lyndon (Goh and Molloy 1972, Fig. 1) and 
Cave Stream; all within constructional landforms such as alluvial
colluvial fans. These fans clearly contain much evidence 
concerning the recent history of the landscape. On all these 
sites the charcoal formed by the natural fire is derived mainly 
from mountain toatoa with minor amounts of Hebe., Coprosma., 
Pseudopanax and Nothofagus. · 

Recently, several buried soils, complete with charcoals, 
have been observed in an exposure in the fan below Mt. Misery, 
opposite Romulus. This sequence, which is being closely studied 
at present, is one of the most complex seen so far in mountain 
districts, providing clear-cut evidence of at least four fires, 
with a history extending probably from Late-glacial times to the 
first European fire on this site in the 1870s. Both the surface 
soil and the two upper buried soils contain beech charcoal, 
whereas the lowest buried soil contains only charcoal derived 
from mounta.im toatoa. Further information from this sequence is 
awaited with great interest, especially the 14C dates. 

Post-fire Trends and Changes 

As mentioned above, the Sugarloaf charcoal could easily be 
interpreted as being consistent with the present vegetation at 
timberline in the Cass area, notwithstanding its 14C age of 
4610 years. However, it is more likely to represent a greater 
abundance of mountain toatoa at the time of the fire, rather than 
the present snow-tussock grassland. 

The Lake Lyndon evidence, and now the Mt. Misery fan 
sequence, possibly indicate similar trends in vegetation 
succession. PhyUocladus shrubland appears to have been widely 
developed over the landscape, at least until 7000 years ago 
(see Section 10), after which time it must have been severely 
reduced by natural fire. Perhaps this clearance aided the 
expansion of Nothofagus forest from then onward. 

At present, the evidence for natural fires poses more 
questions than answers. It will be useful to establish the 
relationship between natural fire and the marked rise in beech 
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pollen recorded in local peats, bearing in mind that in the 
upper parts of the pollen diagrams the reverse trend - a rapid 
decline in beech pollen - is also seen as a direct response to 
fire. Likewise, it will be interesting to know the relationship 
between natural fires and possible trends in climate and 
landscape instability. The total area affected, and the 
frequency of natural fires, are also of interest in vegetation 
reconstructions. For example, it is assumed that Polynesian fire 
destroyed most of the forest in the Cass basin. On the other 
hand, it is possible that some sites were deforested earlier by 
natural fire and have remained in scrub or grassland ever since. 
Although this has happened in drier parts of the South Island, 
it has yet to be demonstrated in the forest climate of the Cass 
area. 

Concluding Remarks 

Since it was established in 1914, the Cass Field Station has 
been a focal point for studies of the environment in the 
Waimakariri catchment. From the viewpoint of fire history alone, 
th~ Cass district, as part of the Waimakariri Basin, has become 
a classic site. Many of the most important papers on European 
burning of forest and tussock grassland have arisen from studies 
centred on Cass and nearby, beginning with the inaugural papers 
of the Cockaynes, father and son. Subsequently much of the 
early definitive work on Polynesian fires has also been centred 
in this region. It appears that this trend will continue as Cass 
is now becoming important for studies of earlier natural fires. 
It is possible now to think in terms of integrated studies of the 
entire fire history. 

In one of the papers published to help launch the Cass Field 
Station, Speight (1915) drew attention to the excellent examples 
of shingle fans in the district and suggested that careful 
investigation of these would furnish worthwhile results. This 
suggestion can be strongly supported, as it is clear that much 
of the history of the Cass landscape is preserved within the fans. 
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12a. VEGETATION IN THE CASS DISTRICT AND ITS ECOLOGY 

No comprehensive floristic study of the vegetation of the 
Cass district has so far been attempted, but, from the many 
theses and other research projects and class exercises which have. 
examined aspects of the vegetation and its ecology, it is 
possible to draw together material for descriptions of some of 
the major types of vegetation. This account enlarges on the 
earlier outline of the vegetation by Cockayne & Foweraker (1916), 
published soon after the Cass Field Station was established, but 
nevertheless there is still a vast amount of research required 
before the,, vegetation yields all of its ecological secrets. 
The series of short essays on the different kinds of vegetation is 
a second approxi~ation which, it is hoped, may stimulate further 
study by new generations of botanists. The opening essays concern 
the barren mountain tops and alpine grasslands; then there is a 
progression to the valley floors through valley and mid-altitud~ 
grasslands, riverbed, scrub, forest and wetlands. In reference to 
earlier studies of the vegetation and flora, plant nomenclature 
has been got into accordance with modern usage. Fig. 12•1 is a 
map showing the present distribution of natural and semi-natural 
vegetation, Fig. 12·2 is a diagram showing the vegetation pattern 
in places undisturbed by fire, and Figs 12•3 - 12.8 are a 
selection of photographs taken at various times, showing aspects 
of the vegetation or terrain. 

12b. ALPINE - SUBALPINE ROCK, ROCK DEBRIS AND SCREE VEGETATION 

C.J. Burrows 

Many steep mountains, rising to between 1200 and 1900 m, 
form skylines in the Cass district. Although all are composed of 
the same bedrock materials, "greywacke", each has its own 
character. Some of the processes which formed the mountain 
landscape are described in section 6. The summits of Sugarloaf, 
Mts Baldy, St. Bernard and Binser are rounded because the process 
of weathering has shattered outcropping rock and masked bedrock
which might otherwise have been exposed. The processes of mass
wasting have moved much of the resulting angular debris downhill. 
Nevertheless, there are still some exposed bluffs on slopes below 
the summits. The Woolshed and Mt. Brown ridges are similar. 
The summit of Mt. Horrible, however, was scraped over by the 
Waimakariri Glacier during the last glaciation (see section 5), 
leaving mammillated bedrock on its crest and great cliffs beneath 
it on the southern side. Sculpturing by the ice of cirques and 
small valley glaciers during the last glaciation was the original 
determinant of the jagged outlines of the higher peaks like · 
Mts Cantuaria, Scientia and Misery, and other summits round the 
head of the University Stream, Sudden Valley and the Polar Range 
and Mid Hill near Lagoon Saddle. As the ice receded, large masses 
of bouldery debris were left in valleys and cirques. Subsequently 
freezing and thawing have fragmented bedrock on bluffs and ridges, 
giving rise to fields of broken boulders. Where the slopes exceed 
about 20° such debris is moved downhill by mass-wasting. The same 
weathering process gave rise to the finer sand and silt which, 

T 



174 

blown on to suitable sites where it can accumulate, is the 
basic material for th_e soils of the alpine zone. In places, 
particularly the upper Hawdon Valley, rockfalls initiated by 
earthquakes have augmented the debris fields. 

The flanks of all the mountains are clad in sheets of debris 
derived, initially, from the bedrock higher on the slopes and 
moved downhill by the mass-wasting processes which are most 
active in periods of colder climate than now, but which 
nevertheless continue until this day. Since the ice retreated 

· from the mountain slopes there has been much modification of the 
landscape by running water. Water is mainly an erosive agent on 
the steep slopes of the alpine zone, cutting gorges in bedrock 
and carrying loose debris downhill. 

Most of the mountain slopes below 1200 m are now well 
stabilized by vegetation and have a more or less deep soil cover 
except where bedrock is close to the surface or exposed. 

There has been only one full study of the botany of rock 
and debris habitats in the Southern Alps, by Wilson (1976), in 
the Mount Cook region. A brief general discussion, applying to 
Canterbury, was given by Fisher (1969). Fisher (1952) described, 
in more detail, the ecology of scree plants at Cass. The two 
basic substrates for plant growth are solid bedrock and stable to 
unstable rock debris ranging in size from silt and sand to 
boulders. The coarser particles are almost always strongly 
angular. 

Bedrock 

Solid bedrock outcrops in many places on the mountains near 
Cass. The attitudes of facets of the rock vary from horizontal 
to vertical or overhanging. Stable cliffs or ridges, in the 
alpine zone, dark with lichen growth, have a distinctive flora 
and vegetation of low-growing plants which inhabit crevices and 
ledges, obtaining seepage water from fissures deep within the 
rock and nutriment from the water and the limited organic soils 
in the cracks nearer the surface, as well as ·from the weathering 
ropk, The plants growing in such sites, must be able to withstand 
severe climatic conditions; heat and drought in summer, strong 
light and, in winter, extreme cold. Condensed moisture from fog 
is probably important for these plants. Many of the plants are 
woody and some have a tight cushion form. The plants include 
AaiphyUa monroi, Andraea spp. +, Anisotome imbriaata,..i.., Cardamine depressa*, 
Carex aaiaularis, Celmisia angustifolia*, Cheesemania enysii*, 
Colobanthus aaiaularis*+, C. striatus, Grammitis armstrongii, Hebe ailiolata, 
H. tetrastiaha*; Leuaogenes grandiaeps, Notodanthonia setifolia, Ourisia 
aaespitosa, Phyllaahne aolensoi, Raaomitrium arispulum and Raoulia 
mammiUaris*+. There is a rich lichen flora including species of 
Neuropogon, Plaaopsis, Rhizoaarpon and Umbilicaria and these occur on 
the exposed faces of the rocks. Those plants marked* have a 
generally easterly distribution in the Waimakariri Basin and those 
marked+ are cushion plants. 

Near timberline the flora and vegetation on rocks become much 
richer and, although usually some rock, covered only by lichens, 
remains exposed, many steep bluffs may be virtually covered by a 
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Fig. 12• 5 Sugarloaf 1915. 
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Fig. 12 •6 Air view of the Cass district from above Lake Pearson, 1967 . 
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Fig. 12 . 7 South-west side of Mount St. Bernard from Craigieburn Stream, 
about 1880. Burton Bros (Canterbury Museum ) . 

Fig . 12.8 Craigieburn stables and north side of Mount St Bernard, 1904. 
Innes (Grasmere Album). 
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scrub-grass-forb mosaic with all or some of the following present: 
AaiphyZZa saott-thompsonii, Anisotome aromatiaa, A. pilifera, BZeahnum 
penna-marina, B. proaerum, Celmisia lariaifolia, C. petiolata, C. speatabilis, 
C. walkeri, Chionoahloa flavesaens, Coprosma pseudoauneata, C. pumila, 
CY'aspedia uniflora, DraaophyZlum kirkii, D. uniflorum, Drapetes dieffenbachii, 
EpiZobium glabeUum, Forstera teneUa, F. sedifoZia, GauZtheria crassa, 
G. depressa, Geum parviflorum, Hydrocotyle novae-zelandiae, Hymenophyllum 
multifidum, Luzula banksiana, Lycopodium australianum, Microlaena colensoi, 
Myrsine nwronularia, Parahebe deaora, Poa colensoi, Podoaarpus nivalis, 
Ranunculus lyallii, Seneaio bellidioides, Uncinia divaricata, Viola 
aunninghamii. Most of these plants occur also either in alpine
subalpine grassland or scrub on less steep slopes, underlain by 
shingle, nearby. On dropping wet rock at these altitudes Gingidia 
montana, Parahebe lyaUii, Schoenus paucifZorus and Senecio lyaUii are 
present, along with a range of liverworts and algae. On ridges 
at similar altitudes, toward the drier side of region, there are 
usually more open communities with AciphyUa aurea, Asplenium richardii, 
Celmisia angustifolia, Exoaarpus bidhJillii, Hebe pinguifolia, Heliahrysum 
selago and Pimelea traversii present. 

These rock outcrop sites near timberline are frequently 
warmer than adjacent hollows and this and the availability of 
nutrients (probably especially phosphorus), where there is 
weathering of fresh rock, apparently accounts for their favour
ability for the wide range of plant species present. 

Shattered Rock on Ridge-Crests 

Stable to relatively mobile, pale-grey, coarse, broken, rock 
debris, alternating with solid or much-shattered rock outcrops, 
and with small, fine debris, on fretted summit ridges of some of 
the higher peaks, may have a sparse plant cover. Such sites are 
exposed to severe winds, extreme winter cold and summer heat and 
drought and to the rock-shattering effects of alternate, almost 
diurnal, freeze and thaw. They are difficult places for plant 
growth. A few hardy plant species inhabit such sites where there 
is protection from weather and mechanical disturbance and where 
sufficient fine material accumulates to maintain suitable moisture 
conditions. CoZobanthus aeicuZaris, C. bi,r:hananii, Haastia recurva, 
H. sinclairii, Hebe ailioZata, H. epacridea, H. haastii, Gentiana divisa, 
Poa novae-zelandiae, Polystichum cystostegia and Trisetum spicatum, are 
among the plants which occur sparsely in such sites. 

Stabler alpine ridges which are favourably exposed to solar 
radiation have more vegetation, resembling that of alpine grass
land proper, but with some small shrubs present. Commonly 
Celmisia angustifolia, C. laricifolia, G. viscosa, Coprosma pumila, 
Drapetes dieffenbachii, Gaultheria crassa, Hebe pinguifolia, .Notodanthonia 
setifoZia and Poa colensoi are present in the assemblage. 

Stable or Slowly-Moving Debris 

Stable bouldery sites, or finer debris on gentle slopes in 
cirques, may carry occasional plants of most of the species found 
on exposed, shatt~red rock ridges and also sparse patches of 
species like Anisotome imbriaata, ChionochZoa oreophila, Marsippospermum 
graaile and Notadanthonia setifoZia which are found also in high level 
alpine grasslands. Other species found on the debris in such 
sites are Agrostis subuZata, EpiZobium rubromarginatum,. Myosotis traversii, 
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Raoulia subulata and Schizeilema cf. haastii. Where the free drainage 
of the substratum, lack of fine components in the debris, and 
frost-disturbance are severe limitations for plant growth, or 
where late-lying snow shortens the growing season too much, 
even for these hardy plants, no vascular plants may be present. 
Haastia sinclairii- and Polystichum cystostegia are among the species 
which tolerate the most extreme conditions. 

Another distinctive habitat is the relatively stable rock 
debris which occurs on some level to gently-sloping ridge crests, 
mountain summits and some exposed sites in cirques. Such" sites 
are cold in winter because wind sweeps snow from them, leaving 
them open to severe frost. They are dry in summer because of 
their elevated position. Lichen growth (Parmelia olivaeea, Neuropogon 
sp. and other species) on the varied-sized stones (pebbles to 
boulders) indicates the stability of the site, although slow 
movement may take place under the impetus of freeze and thaw. 
If sufficient moisture is present, often in the form of melting 
snow, stone nets and polygons form. Characteristic plant species 
present are Anisotome fZe:x:uosa, Cotula pectinata., DracophyUum pronum, 
LuzuZa pumiZa, Pentachondra pumiZa, PhyZZachne coZensoi, Pygmea puZvinaris, 
RaouZia grandifZora, Siphula sp. and Thamnolia vermicularis. The plant 
cover may occupy up to 20% of the surface. 

Where slopes begin to steepen to 20°, or a little more, 
on some bare ridges about 1200 m, there is often a distinctive 
vegetation of discrete mats of the tough-branched shrub Podocarpus 
nivalis, forming a protective cover up to two or three metres in 
diameter, but closely appressed to the ground. Within the mats 
occur many of the plant species found in alpine grassland 
(considered in section 13). More specialised species present 
include Anisotome fiZifoZia., EpiZobium crassum, Ischnocarpus novae-zeZandiae' 
and Senecio gZaucophyUus. Movement downhill of the debris, under 
the impetus of freeze and thaw, tends to form lobate terraces and 
prevents colonization by plants outside the Podocarpus mats. They, 
in turn, tend to be partially overcome from above as the stony 
debris creeps downhill, thus forming vegetation-banked terraces. 
Similar vegetation is present on straight slopes of about 30° at 
the margins of some screes. Where debris disturbance by frost 
is slightly more rapid, on slopes of 20-25°, small-scale stone 
stripes form and no plants seem to be able to colonize them. 

Mobile Screes 

Screes are very extensively developed on the mountain slopes 
around Cass, covering many hundreds of hectares. The term scree 
is used for sites on slopes which have mobile, sliding or rolling 
surface debris. Most screes take the form of steep fans or cones 
beneath mountain summits, bluffs and gullies and have fairly 
regular, straight to slightly concave, profiles. The slopes are 
usually 30°-35 . Many screes are pale (to dark) grey in colour. 
but if argillite is present they may be black and if jaspillite, 
dull red. Otherwise the degree of mobility is gauged from colour. 
Darkening by lichens, or reddening by oxidation, indicates 
relative stability. There are various types of scree, however, 
as described by O'Loughlin (1965). Some have relatively coarse 
and others finer surface debris. Some screes are very unstable as 
a result of undermining by a stream at their toe or because bf 
winter snow avalanches which carry and deposit loose debris while 



1 82 

scouring the surface and packing the subsurface material. The 
avalanches are initiated on the steep rock faces at high 
altitudes. Such screes have mixtures of fine to very coarse 
angular debris, including large boulders, at the surface. 
Probably most scree slopes are affected by a variety of the scree
forming processes mentioned above and below. These processes 
include solifluction (pouring of the saturated surface during the 
snow-melt period) and flowage of saturated debris during rain
storms. Avalanche-swept screes are well-developed in the more 
westerly localities, especially in Sudden Valley and adjacent 
valleys but they are common also in the northern Craigieburn and 
Academia Ranges. In the alpine zone the plants present on them, 
distributed sparsely in protected places are: Anisotome piliferia, 
Cotula pyriethriifolia, Epilobium riubriomariginatum, Hebe haastii, Notodanthonia 
setifolia, Pariahebe decoria, Paa colensoi, P. novae-zelandiae and Racomitriium 
crispulum. The compacted substratum makes this type of scree a 
very different habitat from those described later. At their toes, 
near or below timberline, where the rock debris is often coarse, 
a rich variety of plants favouring open, relatively fertile sites 
occurs: Acaena anseriinifolia, Agriopyrion scabrium, A. enysii, Blechnum 
penna-marina, Epilobium glabellum, Festuca matthewsii, Galium peyrpusillum, 
Gonocaripus sp. , Helichriysum beUidiodes, Histiopteriis incisa, Hydrocotyle 
novae-zelandiae, Mentha cunninghamii, Muehlenbeckia a,xillaris, Orieomyririhis 
riamosa, Paa cockayniana, P. colensoi, Senecio wairiauensis, Viola cunninghamii 
and Wahlenberigia alboma,riginata. Where avalanching is less severe, at 
the margins and toes, these screes merge into closed alpine 
grassland and/or subalpine scrub. Wardle (1972) described the 
colonization of the margin of winter avalanche-swept scree in the 
Craigieburn Range over a 10 year period. The margins between 
scree and stable vegetation were virtually permanent, although 
there were slight gains by the creeping branches of Podocaripus 
n-Zvalis. 

Another common scree type forms mainly as a result of 
weathering of rock fragments from cliffs and gullies. The 
fragments fall or roll downhill to form cones of debris mainly 
of pebble to small cobble size, lying at angles of from 30-35° 
on the slopes below. At the toe of the scree the slope-angle 
becomes less. Such screes are commonest on the drier, more 
easterly mountains and not as likely to experience snow avalanches 
as screes beneath the high western peaks. Most of them lie at 
altitudes between about 1100 to 1600 m. On mountains such as 
Mt Baldy there is no extensive rock outcrop source for the debris 
forming the screes but the convex slopes below the summit ridge 
are developed on very much fissured and shattered bedrock, with 
some small bluffs, which slowly contribute to the cover of 
angular debris. 

The surface material on such screes may move slowly or 
rapidly, sections of the scree behaving relatively independently 
(Fisher 1952). In summer, movements are caused by expansion and 
contraction of the stones, causing local. instabilities. In 
winter, because of saturation by water and/or freezing and 
thawing, they are more unstable. 

The Mt Baldy screes are the site of the classic study of 
scree plant ecology by Fisher (1948, 1952, 1969). The obligate 
(or near obligate) scree plants of the Cass district include 
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Acaena glabra *., Cotula dendyi+., Craspedia incana*., Epi lobiwn pycnostachyum., 
Lignocarpa carnosuZa +, Lobe Zia roughii+., Notothlaspi rosulatwn*+., 
Poa buchananii*+., RanuncuZus haastii*., Senecio gZaucophyZZus var. discoideus*., 
and SteUaria roughii+., of which those marked * are usually found 
on relatively more stable sites and those marked+ have glaucous 
grey, more or less rubbery or fleshy leaves. The grey colour 
derives from a waxy bloom overlying a purple or red pigmentation 
which is more apparent in some of the others such as the Epilobium 
and the Senecio. All but the Notothlaspi (biennial) , Acaena., 
C1~aspedia and Poa, are summer-green, dying down in the cold season 
to an underground, somewhat rhizomatous root stock. The roots are 
cord-like and spread widely. The plants are sparsely distributed 
and individuals are always widely separated. Fisher showed that 
the loose surface debris (which moves by creep or intermittently) 
is usually in the form of a sheet 8-16 cm deep. No or few fine 
particles are present. Underneath is a "crust" containing 
compact, relatively finer material (sand and small pebbles, 
cemented by silt-sized particles) and forming a dry, stable 
substratum up to about 8 cm thick during most of the growing 
season. In wet periods and winter the "crust" breaks downy to 
reform as the scree dries out. Beneath it are series of 
irregularly-stratified layers of coarse and fine material, almost 
permanently moist. The scree plants have their rhizomes in the 
"crust" and their roots in the underlying moist layers. Their 
long, flexible stems are able to withstand movement of the surface 
stones. These remarkable, specialized plants have other features 
of their form, anatomy and physiology which fit them for their 
harsh habitat, as shown by Fisher (1952, 1969). Strong insolation, 
strong heating and frequent dry winds are important extrinsic 
factors. Fisher suggests that the fleshy, small or dissected 
leaves of the plants, with a high proportion of water content to 
dry weight, and chloroplasts well displayed, fit them for rapid 
photosynthesis. The plan.ts must grow rapidly from the rootstock 
in spring and at other times to survive burial. They also 
transpire rapidly and, in fact, have no water-conserving 
mechanism. An attendant benefit of the high water content of the 
leaves is that, if they are torn off by mechanical action at the 
scree surface, there is minimum loss of dry weight. Since the 
stony surface may heat to temperatures of 46-50°C (lowest minimum 
in winter -10°C), during sunny weather, rapid transpiration is an 
important cooling mechanism. The function, if any exists, of the 
red or purple leaf pigments of the plants is not known. 

The soils of the screes are reasonably well supplied with 
the plant nutrient phosphorus and less well, but apparently 
adequately, supplied with cations, though nitrogen is lacking and 
the plants must derive it from the rain or from free-living 
micro-organisms. Colloids are generally lacking, but phosphorus 
and cations are likely to be readily available because of the 
continuous weathering of fresh rock material which enables the 
nutrients to reach the soil water immediately. 

Fisher (1952) described, also, colonization of stabilized 
scree margins by plants, mainly grasses and forbs and a few woody 
plants such as Podocarpus nivaUs (at higher altitudes) and Discaria 
townatou (toe of scree slopes) . 



l __ _ 

184 

Water-Mobilizeq Scree Movement and Debris Flows 

Another cau$e of mobility on unconsolidated deposits, 
periodically, starting on bedrock and descending over screes, is 
flowage during rainstorms. Occasionally, on some hillsides, large 
volumes of debris of all sizes, in a fluid mixture, pour down, · 
usually in fairl:y well-defined tracks, coming to, rest at lower 
altitudes in the form of narrow, lobate tongues. These geomorphic 
phenomena are known as debris flows. In the alpine zon~, the 
water-mobilized scree movements are of smaller scale, though 
probably occurring frequently. The form of debris flows at Cass 
was described by Speight (1916, p.152) and more detailed studies 
have been made of the geomorphic processes occurring, by Brundall 
(1966) and are described, in detail, in section 6. The flows are 
usually castrophic events, destroying vegetation in their path. 
The periodic outpouring of fresh debris along the levees at the 
sides and the lobate debris tongues at the toe of each flow, 
however, results in the formation of surfaces of different age 
which are useful sites for the study of plant succession. A most 
extensive suite of flows occurs on the slopes of Pastoral Pk on 
the west side of Lake Pearson. The course of succession is 
briefly considered in section 14. 

BURROWS, C.J. 1967. TB. 

FISHER, T.J.F. 1948. TB~ 
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13. GRASSLAND VEGETATION 

C.J. Burrows 

Grasslands form extensive vegetation cover in the Cass 
district from the valley floors up to about 1500 m on the 
mountains. Higher than this there are discontinuous areas 
of alpine grassland, interspersed with barrens (described 
in Section 12). 

The grasslands may be separated on the basis of differences 
in flora, vegetation, and type and degree of modification into: 
(a) alpine - subalpine grasslands (b) valley and mid-altitude 
grasslands. The latter, in turn, may be considered under the 
headings of semi-natural native, oversown native, and ploughed 
and sown pasture. The oversown grasslands and sown pasture are 
dealt with in Section 3. 

The Influence of Fire in Pre-European Times 

It is clear from the account of changes in the vegetation 
in the last 1000 years (Section 11, Fig. 11·1) that much of the 
grassland helow 1200 m replaces forest which was destroyed, 
first by Polynesian fires, then fires lit by the European sheep 
graziers .. The Polynesian fires probably swept up the 
mountainsides and destroyed some alpine vegetation, for, in the 
Craigieburn Range there are traces of charred plant remains 
buried in soils at altitudes up to 1500 m. Some of the barren 
alpine and subalpine areas probably originated at this time, 
after loss of their soils under the impetus of the vigorous 
erosive forces which operate on bare ground at higher altitudes. 
The processes of change are fully covered by Molloy (1969 and 
in Section 11). Connor and Mccrae (1969) and Molloy (1969) 
proposed, as~ model for vegetation development after forest was 
destroyed in Canterbury by Polynesian fires, that tall tussock 
grassland frequently became established at relatively low to 
mid-altitudes. They also showed that, subsequent to European 
settlement, as a result of further burning and grazing, 
the tall tussock vegetation was replaced by short-tussock· 
grass land. At Cass, as is discussed in Sections 1 ·1 and J5, there 
are variations to this pattern. In some instances, forest 
regenerated after the Polynesian fires and in others the original 
forest was replaced by scrub vegetation of considerable floristic 
complexity. In still other instances extensive areas of short
tussock appear to have developed in mosaics with tall tussock. 

Not much tall tussock is found now below 1000 m near Cass, 
but there are scattered small stands of Chionochloa macra on 
Waterfall ·11 errace and more extensive stands in Chilton Valley. 
A range of species, normally found at higher altitude above 
forest but now present in various low-altitude locations in the 
Cass Basin and nearby, suggest that tall-tussock grassland may 
have been more extensive formerly. The subalpine and alpine 
species at low altitudes (ca 600 m) include AciphyUa aurea., 
Anisotome a.romatica, Celmisia angustifolia., C. lyaUii, C. sessiliflora., 
C. spectabilis, Cyathodes colensoi, Dracophyllwn pronwn., D. unifl,orwn, 
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D:r>apetes dieff"enbachii., Exocarrpus bidwiUii (on rock) , GauUheria c1."assa., 
G. dep1."essa, Lycopodiwn fastigiatwn., My1."sine numnruZa1"ia, Notodanthonia 
setifoUa, PimeZea 01."eophiZa, P. t1."aVe1."sii., PodocaPpus nivaUs and P1."atia 
mac1"odon. 

ChionochZoa 1."Ub1"a is another tall-tussock which expanded onto 
old forest soils after Polynesian fires, but its original habitat 
was bog. A few small stands of this species are present near 
Cass (Waterfall Terrace, Kettlehole Terrace) and it too probably 
occurred more extensively before European settlement. Species 
such as Schoenus pauc-ZfZo1."us, OreoboZus pectinatus (uncommon) and other 
plants, normally associated with C. 1."Ub1"a in wetlands, are 
widespread in the Cass district, but many of the sites where they 
are now present were not necessarily formerly dominated by 
C. rub1"a. 

Alpine and' Subalpine Grassland 

There has been no .intensive research on species composition 
and ecology of the alpine-subalpine vegetation in the immediate 
vicinity of Cass, although Burrows (1967) and Wraight (1967) have 
examined the alpine vegetation of the Waimakariri Basin in some 
detail and other workers have studied the ecology of the 
important grassland species elsewhere (Daly 1961, Mark 1965, 
a,b,c,d, 1966, Mcsweeney 1974, Will~ams 1975). Other work has 
been done in the Broken River Basin 1by members of the Forest 
Research Institute, N.Z. Forest Service, and the Tussock 
Grasslands and Mountain Lands Institute. 

Timberline, before Polynesian fires swept the area, lay at 
about 1250-1280 m. Wherever the forest was utterly destroyed 
the altitudinal zonation has disintegrated to a large extent 
(Fig. 12•1). There are no very extenslve areas of alpine
subalpine grasslands remaining in the immediate neighbourhood of 
Cass, but some cirques in the northern Craigieburn Range and the 
Cass Saddle carry fairly large areas. The most extensive stands~ 
of such vegetation lie on the slopes and terraces near Lagoon 
Saddle and on the Savannah Range - Woolshed Hill ridges. 
Rugged valleys, such as the upper University Valley, Snowslide 
and McLeod Streams and Sudden Valley, probably never held 
continuous extensive alpine vegetation, for the processes of 
normal erosion and deposition by snow avalanches, frost and rain
storms were always too vigorous to permit colonization by a 
continuous plant cover. Vegetation on the steep valley walls was 
confined to strips in sites protected from avalanches and active 
scree movement. Otherwise it was present on the gentler slopes 
of cirques and mountain shoulders and, in some places, on stable 
rock (often quite steep). 

It is uncertain as to whether the bare shingle tops of hills 
like Mt. Baldy and Mt. St. Bernard - Purple Hill, or Mt. Manson 
and Mt. Binser would formerly have been well-clothed with alpine 
vegetation. Remnant stands of snow tussock and remnant soils 
suggest that, prior to Polynesian and European burning, they would 
have carried more vegetation than at present. Evidence for the 
impact of fires comes from Mt. Misery and from Constitution
Broken Hill. One fire, which destroyed forest on the north-west 
side of Mt. Misery in the 1880s, started a train of erosional 
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_Chionochloa crassiuscula 

C. flavescens 

C. macra 

C. pal.lens 

C. oreophila 

C. ruhra 

Festuca novae-zeZandiae 

Notoda:nthonia setifolia 

Poa coZensoi 

P. Zaevis 

TABLE 13A: GROWTH FORM AND STATURE OF SOME GRASSES 

General Form 

clump former 

tussock 

tussock 

tussock 

turf-former 

tussock 

tussock 

clump or 
turf-former 

clump or 
turf-former 

tussock 

Gene.ral Length 
of Leaves 

(sheath+ blade) 
(cm) 

\ 

20-35 

80-120+ 

30-100 

30-100 

8-10 

80-150 

40-50 

8-14 

5-12 

40-50 

General Width 
of Leaf Blade 

(mm) 

6 

10 

6.5 

6.5 

2.5 

5-6 

0.5-

< 0.5 

< 0 .5 

2 

Shape of Leaf 
Blade Cross-section 

angular 

flat 

flat to slightly 
semi-circular 

angular to flat 

flat 

semi-circular 

terete (tightly folded) 

terete (tightly folded) 

terete (tightly folded) 

angular to tightly folded 

~ 
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events which have destroyed much of the soil in the area above 
the former timberline and, concomitantly, removed much of the 
alpine vegetation cover. Repeated burning on the Constitution
Broken Hill massif caused it to suffer from the severe erosion 
which is so evident now and, over much of its summit, caused 
degeneration of alpine vegetation to mobile scree. In other 
places, better protected from erosion, the alpine-subalpine 
vegetation regenerated after the Polynesian and European fires. 

Environmental Gradients and Distribution of the Vegetation 

In the middle South Island mountains, two major environmental 
gradients determine the species composition and general nature of 
the alpine-subalpine vegetation. They are the precipitation 
gradient from west to east (described in Section 7} and the 
altitudinal gradient. Change in vegetation with rise in altitude 
is primarily a function of declining temperature, increasing 
precipitation and increasingly short snow-free season (Figs 13•1, 
13•2). The effects are not as simply expressed as this, however, 
for the irregularity of the terrain causes tpere to be a range of 
differe.nt slopes and aspects and thus exposure to a widely 
variable range of microclimatic conditions, with corresponding 
irregularities in plant distribution. Superimposed on these are 
other site differences such as variations iri depth and fertility 
of soils (relatively high fertility often being a function of the 
youthfulness of the soil), variations in drainage and differences 
in degree of disturbance by fire or grazing. This environmental 
complex affects the distribution of the dominant grasses, as well/. 
as the many other associated species. 

The Cass district sits astride a zone of transition between 
the grasslands in the west, dominated by the tall tussock 
Chionochfoa paUens ( midribbed snowgrass) and its shorter associate 
C. crassiuscu'la (curly grass), and those further east, dominated by 

. C. macra (small snowgrass). Table 13A indicates the growth form 
and stature of these and other main grasses at Cass. C. paUens 
and C. crassiuscula predominate from Arthurs Pass to the Polar 
Ra. and west of Anticrow Ck. On the ranges further east, 
including the Savannah Ra. - Woolshed Hill, Mt. Brown, Mt. White 
and Peveril Pk and in the Broken R. area, they are largely 
replaced, especially on the more exposed and drier slopes, by 
C. macra. On these eastern ranges the reliably moist soils, 
preferred by the two western species, are mainly confined to 
south-to east-facing slopes and higher altitudes where snow lies 
moderately long and evaporation is least. Only a little C. pal Zens 
and no C. crassiuscula are present on the Torlesse . Ra. The 
converse pattern holds for C. macra which becomes less and less 
common toward the west and is there confined to the lower part of 
the alpine zone and drier aspects. North of the Waimakariri 
River, the Hawdon Valley forms a clear boundary, west of which 
no C. macra is present. It, also, is missing on the northern part 
of the Savannah Ra. On the south side of the Waimakariri Valley 
the boundary is more diffuse. Chionochloa paUens and C. crassiuseula 
are not uncommon in the east-facing cirques of the northern 
Craigieburn Ra. but are subordinate to C. macra in general 
abundance. They are more important near Lagoon Saddle and the 
Bruce Stream, and the last C. macra is found, just above timberline, 
at Anticrow Ck. It is not present on the Bealey Ra. west of 



189 

Klondyke Corner, but Celmisia lyaUii, one of its common associates, 
is present there. 

Table 13B illustrates th~ main species present in 
quantitative samples from alpine grassland round the periphery 
of the Cass district. The species·included are those with more 
than 2% cover in at least two samples,+ indicates present (<2% 
cover) . 

Table 13C lists the species present with a frequency of 
occurrence of at least 30% in qualitative samples from relatively 
western (10 sites) and relatively eastern localities (11 sites). 
The supplementary list includes those species with lower 
frequency of occurrence. The western or eastern affinities of 
certain species are indicated. 

These tabulations are not exhaustive of the range of 
vegetation types and species present, and are to be regarded as 
indicative only of quantitative and qualitative differences 
between western and eastern grasslands. The spatial and 
ecological limitations of each species tend to be individualistic, 
so that there is no clear boundary between the eastern and 
western floras. 

Altitudinal changes, which, on each hillside are distributed 
according to the local topographic pattern, are illustrated by 
Fig. 13•1 representing the situation in the Craigieburn Ra. 
and Fig. 13•2 the situation in the wetter western mountains. 
These show, among other things, altitudinal patterns related to / 
the differences in the period in which snow lies on the alpine 
grassland and thus the length of the growing season. At one 
extreme the small snow patch grass Chionochloa 01•eophila (found at 
altitudes from 1500-1800 min hollows, or immediately on the lee 
side of ridge crests (sites where snow lies deeply and long 
into the early summer) is tolerant of snow cover for up to 7 or.8 
months. Other species closely associated with late-snow sites 
are Anisotome irribricata, Carex lachenalii, C. pyrenaica var. cephalotes, 
Chionochloa sp. aff. oreophila~ wapetes lyallii, MarsippospeY'111wn gracile 
and PhyUachne colensoi. Various other species, including Poa 
colensoi, are tolerant of late-snow conditions and are common in 
such sites but occur widely elsewhere. 

Chionochloa crassiuscula is somewhat less tolerant of late snow 
conditions than C. oreophila. C. paUens and C. macra are about 
equally intolerant of late snow, and normally are found where 
snow cover is no more than from 4-5 months. Nevertheless, closed 
alpine grassland is not present', except in some .sheltered sites 
near timberline and on stable rock bluffs, unless there is a 
constant winter snow cover. The protection of snow is needed to 
prevent soil disturbance by frost (and subsequent erosion). Where 
winter snow is lacking, in the alpine zone proper, vegetation is 
also lacking and the slopes are wastes of barren debris or scree. 
The somewhat more reliable snow cover in the western mountains 
is reflected by the greater extent of closed grasslands there 
than in the mountains further east. Greater summer rainfall is 
also likely to control this difference to some degree. 

At the other extreme is the robust, tall tussock C. flavescens 
(broad-leaved snowgrass), usually present in relatively small 
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Locality 

Slope 

Aspect 

Altitude (ml 

Species 

Ce7.misia disaoZor 

c. lyaUii 

C. speatabilis 

C. visaosa 

Chionoahloa arassiusaula 

C. maara 

C. oreophila 

c. paU..ens 

Poa aolensoi 

Sahoenus pauaijlorus 

Litter 

Bare soil and stone 

TABr.E 13B: ALPINE GRASSLANDS - PERCENTAGE COVER VALUES FOR IMPORTANT SPECIES IN QUADRAT SAMPLES 

(Randomly-placed lines of 25 quadrat~, 25 cm x 25 cm, centred at 60 cm intervals) 

Broken R. Peveril Pk Mt Brown Craigieburn Broken R. Lagoon Lagoon Mid Hill 
Basin Basin Basin Saddle Saddle Basin 

25° 25° 220 28° 30° 50 180 10° 

NE E E SE E NE N E 

1676 1645 1585 1372 1465 1524 1465 1645 

- - + + 3 - 14 

4 + + 8 8 6 - 3 

- - + + 2 + + + 

8 10 + + - - - -
- - - + 9 8 13 43 

2 28 13 3 + 8 

- - - - - - - + 

- 6 35 26 31 4 6 + 

2 + 4 + 3 6 2 + 

- - - + + 2 3 + 

5 14 28 30 27 19 18 32 

78 25 + - - 10 4 -

/ 

Mid Hill Broken· R. 
Basin Basin 

0-5° 20° 

NE E 

1735 1645 

- + 

.....,, 

- + \,,0 

0 

- + 

28 32 

J.4 20 

- + 

25 5 

6 l 

I 

'1 
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TABLE 13C: ALPINE GRASSLANDS - FREQUENCY OF OCCURRENCE OF SPECIES 
IN WESTERN AND EASTERN SITES 

Western - 10 sites (Northern Savannah Ra., 
Ttnnbledown Mt (Hawdon) (2), Discovery Stm 
(Hawdon), Mt Hunt, Trudge Col, 
Sudden Valley (3), Lagoon Saddle). 

Eastern - 11 sites (Cheeseman Ski ground, 
Mt Wall, Thomas R., Cave Stm tops, 

* 
0 

introduced species 

species also present 
but less important 
or site-restricted 

Brown Hill, Peveril Pk, Southern Savannah 
Ra. (2), Sugarloaf, Cass Saddle, Harper R.) 

species absent, 
uncommon or rare 

% Frequency % Frequency 
of Occurrence of Occurrence 
West. East. West. East. 

Acaena anserimfoiia 0 30 Forstera teneiia 30 
AciphyUa aurea 80 F. sp. aff. sedifoiia 30 
A. simiUs 30 Gauitheria crassa 30 0 
Agropyron scabrum 30 G. depressa 80 90 
Anisotome aromatica 60 90 Gentiana beiiidifoiia 30 
AsteUa petriei 30 G. corymbifera 0 40 
Biechnum pen:na-marina I 40 60 Graphalium traversii 40 
Brachycome sinciairii 50 Hebe iycopodioide s 30 
ceimisia discoior 40 0 H. pinguifoiia 40 
c. haastii 30 0 Heiichrysum beiiidioides 30 30 
c. laricifoUa 30 0 Hypochaeris radicata* 50 
c. iyaiUi 70 Leucogenes grandiceps 30 0 
C. petiofota 30 0 Luzula crini ta 30 60 
c. sessi Uffora 30 0 Lycopodium fastigiatum 40 80 
C. spectabiUs 80 10 Microlaena coiensoi 30 0 
c. viscosa 40 Myrsine nummuiaria 30 0 
Chionochioa crassiuscuia 40 0 Notodanthonia setifoiia 30 0 
C. ffovescens 40 0 Pimeiea oreophiia 0 ·. 50 

C. macra 40 10 Paa coiensoi 10 10 
c. paUens 80 30 Poly trichum juniperinum • 30 30 
Coprosma pumiia 70 0 Pratia macrodon 0 50 
C. pseudocuneata 30 0 Racomitrium ianuginosum 30 60 
Cotuia pyrethrifoiia 30 Ranuncuius iyaiiii 30 
Cyathodes fraseri 0 50 Raouiia grandifiora 30 0 
Dracophyiium unijlorum 0 40 R. subsericea 60 
Drapetes dieffenbachii 30 50 Rumex acetoseiia* 50 
Dicranoioma robusta 30 0 Schoenus paucifiorus 30 0 
Epiiobium giabeiium 0 50 Senecio beliidioides 30 60 
Euphrasia revoiuta 30 0 s. scorzoneroides 30 0 
Festuca novae-zeiandiae 60 Vioia cunninghamii 0 40 

Wahienbergia aibomarginata 30 40 

.....,. 
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SUPPLEMENTARY LISTS TO TABLE 13C 

a. Species of frequency less than 30%, present in alpine grasslands, both 
in western and eastern localities (some are site restricted in either 
or both areas). 

Acaena rrricrophylla 
Agrostis subulata 
Anisotome filifolia 
A. flexuosa \ 
AsteUa nervosa 
Carex acicularis 
Celrrrisia gracilenta 

· C. walkeri 
Cerastiwn sp. * 
Chionochloa oreophila 
Coprosma cheesemanii 
Cladia aggregata 
Cladonia sp. 
Craspedia uniflora 
DracophyUum kirkii 
D. pronwn 
Drapetes lyallii 
Euphrasia cf. zelandica 
Festuca matthewsii 
Geranium microphyllum 
Hydrocotyle novae-zelandiae 

La,chnagrostis filiforrrris 
Lycopodium australianwn 
Marsippospermum gracile 
Microseris scapigera 
Muehlenbeckia axillaris 
Oreomyrrhis colensoi 
Ourisia caespitosa 
Pentachondra pwnila 
Phyllachne colensoi 
Plantago novae-zelandiae 
Poa cockayniana 
P. kirkii 
P. novae-zelandiae 
Podocarpus nivalis 
Pratia angulata 
Pygmea pulvinaris 
Senecio lyal Ui 
Siphula sp. 
Trisetum antarcticwn 
T. youngii 
Uncinia caespitosa 

b. Species of frequency less than 30%, mainly present in alpine grasslands 
of western localities. 

Aciphylla scott-thompsonii 
Anisotome imbricata 
A. piUfera 
AsteUa Unearis 
A. nivicola 
Caltha novae-zelandiae 
Carex pyrenaica var. cephalotes 
Carpha alpina 
Dacrydium laxifoliwn 

Euphrasia petriei 
Geum uni florum 
Hebe macrantha 
Hierochloe sp. 
Oreobolus impar 
0. pectinatus 
Ourisia sessilifolia 
Schizeilema cf. haastii 

c. Species of frequency less than 30%, mainly present in alpine grasslands 
of eastern localities. 

AciphyUa monroi 
Agrostis tenuis* 
Anthoxanthum odoratwn* 
Celmisia angustifolia 
Cyathodes colensoi 
Deyeuxia avenoides 
Erythranthera purrrila 
Euphrasia laingii 
Exocarpus bidwillii 

Geranium sessiliflorum 
Geum leiospeT'11TWTI 
Hieracium pilosella* 
Hofous lanatus* 
Nertera setulosa 
Ranunculus enysii 
Schizeilema hydrocotyloides 
Scleranthus b'.rockiei 
Uncinia fusco-vaginata 

--r-"i 
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amounts just above timberline but extending higher on sunny ridges 
and bluffs. It is often associated with subalpine shrubs such as 
Coprosma pseudocuneata, DEacophyUum unifl-orum, GauUheria crassa and 
Podocarpus nivalis in the often rather sparse belt of scrub found 
above forest. C. fl,,avescens tolerates only about 2 months of snow 
cover and thus is restricted to the warmest sites above timber
line. It is much more abundant in the mountains near the main 
divide than it is near Cass. 

Soil Fe~tility and Soil Moisture 

In terms of soil fertility and soil moisture preferences 
Chionochl-oa paUens is most vigorous and forms large, tall tussocks 
in the more fertile and well-drained sites such as scree edges, 
young alluvium or colluvium (see e.g. McSweeriey 1974). However 
it is tolerant of waterlogging and low fertility, for it is also 
present, in a stunted form, on very infertile, gleyed soils. It 
apparently requires reliable soil moisture supplies. 
C. crassiuscuZa and C. macra are tolerant of a wide range of soil 
fertility, reflecting relatively more fertile conditions by 
greater stature and productivity. C. macra does not tolerate 
waterlogging and can withstand seasonally dry soil conditions. 
C. crassiuscula, however, is never present where soils dry out. 

Numbers of species, other than snowgrasses, are associated 
with the poor, gleyed alpine soils which occur toward the west. 
Clear indicators of wet conditions are Carpha alpina, Dacrydium 
7,a,xifolium, Oreobolus pectinatus and Schoenus pauciflorus. Chionochl-oa 
rubra (red tussock), another species favouring waterlogged soils, 
is present above timberline, on peaty soils, in only one or two 
localities in the Cass district (especially Lagoon Saddle). It 
is intolerant of late-lying winter snow. 

Fire and Grazing 

Disturbance of alpine-subalpine grasslands by fire and/or 
grazing by domestic stock has commonly occurred on mountains 
around Cass. The more easterly ranges in the Wairnakariri basin 
have all been subject to fire (Polynesian and European) and 
grazing by sheep. Vegetation at altitudes about and below 1200 m 
usually is on sites which formerly carried forest. Not only are 
species such as Poa colensoi, Celmisia ZyaUii and C. viscosa (which 
increase after fire), more common in these sites than in relative
ly less-disturbed areas, but some species normally found at lower 
altitudes (Festuca novae-zelandiae, Cyathodes fraseri, Raoulia subsericea) 
occur in them and they are invaded by introduced species such as 
Agrostis tenuis and Hypochaeris radicata. It is notable that the only 
introduced plants occurring occasionally above timberline in the 
more westerly and less disturbed locations, are Rumex acetoseUa 
and Cerastium fontanum. Introduced species are common further east. 

The general and specific impact of grazing by red deer, 
chamois and hares on the alpine grasslands of the Waimakariri 
basin is largely an unknown quantity. Heavy populations of deer 
were present in the 1930's and 40's and they remained high into 
the 1950's; chamois were abundant in the 1950's and early 60's. 
Hares are still numerous in the alpine zone. It is almost 
certain that modification of the grasslands took place but it is 
difficult to be certain about the kind and degree of change. 
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Mountains Near and East of Cass. 

Normal Drainage ,Mature and Sub-Mature 
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Fig. 13•1 Vegetation distribution in the alpine zone, Craigieburn Range, 
in relation to altitude and snow cover. 
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Mountains Near Main Divide 
Normal Drainage ,Mature and Sub- Mature Soils 
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Fig. 13•2 Vegetation distribution in the alpine zone near 
Arthurs Pass in relation to altitude and snow cover. 
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A general impression is that there have been some minor changes 
in species composition and abundance. In some small areas, by 
observation of direct evidence of grazing, it is possible to say 
that it has disturbed the vegetation very considerably, but 
direct evidence is lacking for the grasslands in general. For 
example, there is little published information on the species 
which are most palatable to each of the animals concerned. 
Research in the Cupola Basin, Nelson, examined the foods of deer, 
chamois and hares and demonstrated the impact of these animals 
on the alpine and subalpine ecosystems (Batcheler 1967, Christie 
1964, Flux 1967) and perhaps these findings can be extrapolated 
to the Waimakariri, in the absence of dir.ect evidence from there. 
It is likely that fire has peen a more potent factor for 
vegetation change than grazing, but no doubt the two interacted 
to bring about the present situation. There have been no · 
experiments, in the alpine zone in this area, on the effects of 
excluding grazing animals. Some careful experiments have . 
demonstrated the importance·of grasshoppers as grazing animals in 
the alpine ecosystem (White 1974a,b, 1975a, White &Watson 1972). 

Fire-induced Subalpine Snowgrass and Celrrrisia Vegetation 

Below the former timberline in the immediate neighbourhood 
of Cass, ChionachZoa macra -dominant vegetation, replacing .ancient 
forest, is present only above about 1000 m. On sites such as the 
top of Cass Hill and the flanks of Sugarloaf and Mt. Bailey, when 
the European settlers arrived, it ·formed a cover, which, in 
general floristic composition probably resembled the alpine 
grassland present above forest before the Polynesian fires. 
There has been considerable attrition of this. grassland in ·the 
last few decades, brought about by grazing by sheep, probably 
aided by several very dry summers. It is being replaced by 
Festuca navae-zeZandiae - Paa caZensai - dominant grassland, the normal 
cover at lower altitude. On Cass Hill and in Chilton Valley,· 
especially on shady aspects, swards of Celmisia spectabiZis 
(described by Nurse 1940 and Winter & Orchard 1970), with their 
lower limit at about 700 m, probably indicate areas which, until 
the early European fires, carried Chionachl,oa, macra. C. spectabiUs 
increases considerably after snowgrass is burnt. These stands 
of C. spectabiUs, usually with a few C. macra tussocks present, 
may be regarded as transitional from the mid-slope grasslands 
where Festuca navae-zeZandiae and Paa aaZensai are dominant to the 
alpine-subalpine vegetation dominated by C. macra. Other alpine
subalpine species present include Cyathod.es colensai., JJr,acaphyUum 
pronum., DI'apetes dieffenbachii., Geum parvifZol'Um., Myrsine nummularia and 
PadacarpuEJnivaUs-, but there is a conspicuous admixture of many of 
the species of the valley grass lands and Blechnum penna-mal'ina., 
BreuteUa penduZa and, in places, Racomitrium Zanuginasum, are prominent. 

Ecological Behaviour and Growth Characteristics 
of the Main Alpine Grasses 

The ChionachZoa species flower heavily at irregular intervals 
and their flowering seasons usually coincide (Connor 1966, Mark 
196 8) • Connor found that C. I'igida (and C. macra) flowered at 
roughly 3-year intervals, following relatively warm summers. 
From 1947-48 to 1966-67 in the South Island mountains there were 
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8 flowering years (Mark 1968). From 1960 to 1975 the only 
good flowering years for snowgrasses in the alpine zone in 
the Waimakariri basin were 1959-60, 1966-67, 1970-71 and 
1974-75. "Partial" flowering (at lower altitudes and in warm 
sites) occurred in some of the intervening years, but seed 
set was poor. (Some data are included here from observations 
by Dr A.F. Mark, Dr E.G. White and Dr P.J. Williams, pers. 
comm.) • 

No precise data, on a unit area basis, are available for 
the quantities of seed produced by each species. In counts 
of mass samples from Broken R. basin in 1960, about 50% each 
of the seed of C. oreophiZa (0.3), C. crassiuscuZa (3.0) and 
C. macra (no data) and 45% of C. paUens (9.0) were full and 
apparently sound (Burrows 1968). Some of the seed was 
parasitized by a cecidomyid larva (percentage figures in brackets 
above). This would represent numbers of sourtd seed of the order 
of millions per hectare. 

A moderate percentage of the seed will germinate in 
artificial conditions (on wet filter paper in petri dishes 
at room temperature, on a window ledge). Of seed samples 
untreated in any way, more than 20% each of C. oreophiZa., 
C. crassiuscuZa and C. paUens germinated within 12 weeks. 
Mortality of seedlings was high in greenhouse conditions 
but the survivors grew to maturity in from 3-4 years. 
Cold treatment (6 weeks in the dark at -3.9 - +1.1°c) enhanced 
germination percentages, but data are inadequate for statistical 
treatment and no field experiments were done (Burrows 1968). 

Mark's ( 19 75b) data for C. macra (and C. rigida), in Central 
and Eastern Otago, show that about 20% of seed from a site at 
1300 m germinated in the first 50 days and 50-75% in 410 days, 
but there was delayed germination of some seed for more than 
four years. In the field, Mark found that mortality of seedlings 
was about 50% after three years. Most died of moisture stress in 
late summer and autumn. Those lifted by frost in winter were 
vulnerable to surface desiccation. 

Search for seedlings of the snow tussocks i~ often 
fruitless unless the sites are disturbed, with areas of bared 
soil. In the Waimakariri basin and elsewhere, after heavy 
seed years, only a few C. macra and C. paUens seedlings were 
observed, usually in open, gravelly sites. No seedlings of 
C. oreophiZa and C. crassiuscuZa were seen. Mark ( 19 65d) found many 
seedlings of C. rigida, in Central Otago, after a fire. Spread 
of all these species, over distances of more than a few 
centimetres per century, however, must be by seed because the 
rate of vegetative spread is very slow (Burrows 1968). Their 
perennial and spot-bound habit and longevity are similar to 
those of trees or shrubs. 

Table 13D includes examples of standing crop herbage of 
the snowgrasses from sites where there is dense cover. 
C. macra was sampled in the Craigieburn Ra., the others at 
Arthurs Pass. 

,7 
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TABLE 13D: STANDING CROP HERBAGE FOR SOOE SNOWGRASSES 

C. crassiuscu'la 

c. f'lave scens 

c. oreophi'la 

C. macra 

C. paUens 

Standing 
crop 
g/m2 

1577 .o 
1805.6 

257. 3 

1829.0 

2204.0 

Estimated 
% cover 

50 

30 

45 

40 

40 

Mean maximum 
leaf length 

cm 

22.5 

80.3 

12.2 

35.5 

44.3 

Measurement of productivity of the snowgrasses is not 
easy because the standard technique for study of grass production 
(clipping herbage between two time intervals) sets them back 
severely or kills them. The laborious method of measuring 
increment of growth in length over a time period, and relating 
this to known dry weights of unit lengths of leaf, was used by 
Burrows (1968) and results are tabulated in Table 13F. 
Production of herbage is obtained from the expression. 

Annual herbage 
production (mature 

leaves in mature 
tillers) g/m2 

total no. 
= mature tillers x 

/m2 

mean dry 
wgt. of 

one leaf 

no. mature 
x leaves produced 

annually 

The data in Table 13E were obtained over a period of 
6½ weeks in a cool, stormy summer, so production for a whole 
growing season in a warm summer would be considerably more. 
There is much variability in standing crop and productivity of 
all the snowgrasses, depending on site quality, and no thorough 
estimate of them is yet available for a full range of sites. 

Apart from the work of Mark, noted above, considerable 
research into the responses of Chionoch'loa rigida and C. macra 
to various management practices has been done by workers from 
the D.S.I.R. and Tussock Grasslands Institute, especially 
K.F. O'Connor. An extensive reference list is given by 
Scott (1977). 



TABLE 13E: ESTIMATES OF PRODUCTIVITY OF SOME SNOWGRASSES AT. ARTHURS PASS 

Mean wgt 
Mean no. Mean no. mature 
mature mature Mean life Mean dry leaves 

leaves/ leaves of one wgt one produced/ 
tiller SD produced/yr SD leaf (yr) leaf ( g) tiller (g) 

C. crassiuscula 3.5 0.86 2.1 0.52 1.66 0.200 0 .,420 

C. flavescens no data available 

C. oreophila 2.2 0.83 2.2 0.52 1.00 0.013 0.029 

C. macra no data available 

C. paUens 4.4 0.54 2.9 0 .85 1.52 0. 363 1.053 

Total no. 
mature 
tillers 

/m2 

2260 

6308 

682 

Herbage 
production 

mature 
tillers 

g/m2 

405.42 

180.41 

281.22 

..... 
I.O 
I.O 

I .. 
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Semi-natural Valley and Mid-altitude Grasslands 

Grasslands dominated chiefly by the short tussocks Festuca 
navae-zelandiae (hard tussock) and Paa calensai (blue tussock) 
(Fig. 13•3) and, at lower altitudes, also by the introduced 
grasses Agrastis tenuis . (browntop) and Anthoxanthum adaratwn (sweet 
vernal), are found over an altitudinal range of from 450 to 
1200 m in the Cass district. Paa laevis (silver tussock), though 
never very abundant, is present at lower altitudes and may be 
regarded as an indicator of relatively fertile soil conditions. 
F. navae-zelandiae and P. ca.lensai tolerate very wide ranges of soil 
and other environmental conditions. 

Although the range of native species present is probably 
similar to that before European settlement, the grasslands have 
been affected rrofoundly by farming. There is no precise 
knowledge of how much or in what ways the proportions of the 
native components have been influenced by burning and grazing, 
but there have been enormous changes wrought by the influx of 
introduced species of which the increase to dominance of Agrastis 
tenuis,accomplished by 1944 (Cumberland 1944) in some places, and 
by 1956 (Moffat 1957) in others, is the most striking. The timing 
of introductions of various species is discussed in Section 18. 
All of these changes are superimposed on the initial disturbance 
caused by Polynesian fires, which gave rise to most of the.areas 
of valley and mid-altitude grasslands, except those on the 
immature soils of the valley flats. 

Earlier studies of these grasslands were those of Cockayne 
(1916), Cockayne and Foweraker (1916), Malcolm (1925), Sewell 
(1947), Wilton (1948) and Moffat (1957). In the last few decades 
there have been many items of research on aspects of the ecology 
and management of similar grasslands in the Castle Hill Basin by 
members of the North Canterbury Catchment Board, Agriculture 
Department, D.S.I.R. and the Universities (summarized by O'Connor 
1967). 

Floristic Composition and General Ecology 

The composition! of the grassland on the fans close to the 
Field Station is illustrated by Table 13F (samples gathered 
by the Botany III ecology class in 1972). These fans were 
forested in ancient times, were burnt several (or perhaps many) 
times from 1857 onward, at least until 1930, and were last burnt, 
by an accidental fire, in 1947. They are grazed consistently, 
but moderately, by sheep and there is a resident hare population. 
From the table it can be seen that about 20 specie.s appear 
consistently in the samples and only a handful, including the 
introduced grasses, are important cover species. The cover 
values illustrated in Table 13G, from samples gathered from 
various places in the Cass Basin (some collected by C. Hay or by 
K. Mcsweeney), again demonstrate that only a few species 
contribute in an important way to the cover. This is also borne 
out by point samples in the studies by Sewell (1947), Wilton 
( 1 9 4 8 ) and Moffat ( 19 5 7) . 

All of the sample sites for Table 13G, except those on the 
Cass Flats, have undergone an early fire history like that of the 
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TABLE 13F: FREQUENCY OF OCCURRENCE OF SPECIES IN THIRTY QUADRAT SAMPLES 
(Randomly placed 1 x 1 m quadrats) 

+ 10% frequency 

a grass 

* introduced plant 

% Frequency 
Species of Occurrence 

Acaena microphylla 10 

Aciphylla subflabellata + 
Agropyron scabrum 10 a 

Agrostis tenuis* 70 a 

Anisotome aromatica 33 

Anthoxanthum odoratum* 76 a 

Blechnum penna-marina + 

Brachycome sinclairii + 

Carrnichaelia monroi + 

Cassinia fulvida 53 

Celmisia gracilenta 50 

Cladonia sp. 

Coprosma petriei 
(includes C. atropurpurea) 

Cotula perpusilla 

Cyathodes colensoi 

C. fraseri 

Deyeuxia avenoides 

Discaria toumatou 

Epilobium sp. 

Festuca novae-zelandiae 

60 

70 

20 

+ 

96 

13 a 

53 

+ 

96 a 

% Frequency 
Species of Occurrence 

Gaultheria depressa l6 

Geranium sessiliflorum 50 

Helichrysum filicaule + 

Holcus lanatus* 13 a 

Hymenanthera alpina l0 

Hypochaeris radicata* 100 

Linum catharticum* + 

Luzula sp. 60 

Notodanthonia gracilis 10 a 

O!'eomyrrhis colensoi 16 

Pimelea sericeo-villosa 66 

Poa colensoi 

Polytrichum juniperinum 

Racomitrium lanuginosum 

Raoulia subsericea 

Rumex acetosella * 

Scleranthus brockiei 

Senecio bellidioides 

Trifolium repens* 

Viola cunninghamii 

Wahlenbergia albomarginata 

96 a 

60 

13 

76 

23 

+ 

73 

+ 

10 

66 



TABLE 13G: PERCENTAGE COVER VALUES FOR IMPORTANT SPECIES IN TWELVE POINT SAMPLES 

(Randomly-placed frames of 5 points at 5 cm intervals, 200 points per sample, first 
hi ts recorded. Table includes only species present with a frequency of more than 50%} 

All altitudes are between 600 and 700 m except Sugarloaf Ridge (1150 ml 

+ < 2% cover 
a grass 
* introduced cover 

X 
Cass Cass Sugarloaf Sugarloaf Cass Hill Cass Hill Goldney Sugarloaf Site Cass Cass Remus Remus Flats Flats Flats Flats Fan Fan (exclosure} (outside exclosure) Saddle Ridge 

Slope nil nil nil nil 5° - 10° 5° - 10° 15° 15° 10° 10° 10° 28° 

Aspect - - - - SW SW N SW s s w s 

Percentage Cover vafues 
1),.) 

Agrostis tenuis* a 6 10 29 36 11 8 29 21 22 20 15 - 0 
w 

Antho:i:anthwn odoratwn* a 10 + 2 12 + 17 + 3 3 7 

Coprosma petriei 
2 7 + - 21 3 4 6 + 6 + (and atropurpurea) 

Discaria townatou + + - - + 8 6 4 3 6 

Festuca novae-zeiandiae a 14 16 + 5 3 11 3 4 4 3 + 2 

Hypnwn oupressiforme 2 + 9 + 5 + + + + + 

Hypoohaeris radicata* 7 2 5 7 4 4 2 6 + 7 + + 

Poa co iensoi a 29 20 + 2 11 13 4 5 4 6 - 4 

Racomitrium ianuginosum - - + 3 + - + 7 13 6 

RaouUa subserioea 3 + - - 7 5 - - + + + + 

Litter 14 25 36 19 14 13 22 20 23 19 18 20 

Bare soil and stone - - - 3 7 12 5 6 3 2 19 36 

X 1000 points 

-I 
·~ 
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SUPPLEMENTARY LISTS TO TABLE 13G. 

(a} Species of frequency 25% to 50%. 

Acaena caesiigZauca 
A. microphyUa 
Aira caryophyZZea* 
BZechnum penna-marina 
Celmisia gracilenta 
CZadia aggregata 
Cladonia spp. 
Cyathodes coZensoi 
C. fraseri 
Deyeu.xia avenoides 
Festuca rubra* 
Geranium sessiZiflorum 

(b} Species of frequency less than 25%. 

AciphyZZa subfZabeZZata 
Agropyron scabrum 
Anisotome aromatica 
Brachycome sincZairii 
BreuteZia penduZa 
Carex brevicuZmis 
C. coZensoi 
Carmichaelia monroi 
CeZmisia spectabilis 
Cirsium vulgare {Zanceolatum)* 
Coriaria sarmentosa 
EpiZobium tasmanicum 
Erythranthera thomsonii 
Galium perpusiZZum 
GauZtheria depressa 
GnaphaZium audax 
Gonocarpus aggregata 
HeZichrysum fiZicauZe 
H. be Uidioides 

HydrocotyZe cf. novae-zeZandiae 
Linum catharticum* 
LuzuZa sp. 
Lycopodium fastigiatum 
Oreomyrrhis coZensoi 
PimeZea sericeo-viZZosa 
Plantago spathuZata 
Polytrichum juniperinum 
Rumex acetoseZZa* 
ScZeranthus uniflora 
Senecio beZZidioid,es 

HoZcus Zanatus* 
Hymenanthera aZpina 
Microtis sp. 
Nertera setuZosa 
Notodanthonia graciZis 
PimeZea oreophila 
Paa Zaevis 
PruneZZa vuZgaris 
Pteridium esculentum 
Pyrrhanthera exigua 
RanunCy1-Zus Zappaceus 
Scleranthus brockiei 
Stackhousia minima 
Thuidiopsis furfurosum 
TrifoZium arvense* 
T. dubium* 
T. repens* 
Wahlenbergia aZbomarginata 

(c} Species virtually restricted to Tasman soils 
(or, in some instances, more open sites). 

Acaena inermis 
Carmichaelia unifZora 
Cotula perpusiZZa 
Euphrasia zelandica 
Gentiana serotina 
Hebe pimeleoides 

PimeZea prostrata 
FterostyZis mutica 
RaouUa parkii 
R. monroi 
R. austraUs 

i 
I 
I 

I 

I 

r 
I 
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fans near the Field Station but their more recent treatment 
has varied, some having been burnt quite recently and others not 
for many years. All sites except the Cass Hill enclosure are 
grazed by sheep and a few hares. The list appended to Table 13G 
includes species with low cover and/or frequency. 

Studies such as those of Connor (1965), Connor and Mccrae 
(1969), and experience elsewhere in the Waimakariri basin, shows 
that there is not much variability in the short tussock 
grasslands. Perhaps the relatively uniform composition, compared 
with the alpine grasslands, reflects the smaller range of habitat 
conditions compared with that present in the alpine zone. The 
uniformity might also be related to the recent origin of many of 
the valley grassland areas, colonized as they were, by species 
'from other communities. 

A group of species (marked in the list appended to Table 13G, 
consists of those restricted, or nearly so, to the Tasman soils on 
the flats near the rivers. Some of the flood-plain surfaces 
have been colonized by plants for only a few hundred years or less 
(see Sections 8, 14). Some species form relatively extensive 
stands on the thin soils of these sites ( Acaena inermis, Aira 
caryophyZZea, Cotula perpusiZZa, Cyathodes fraseri, Galium perpusiZZum, 
Muehlenbeckia axiZZaris, Pyrrhanthera exigua, Racomitrium Zanuginosum, 
Raoulia monroi and PoZytrichum juniperinum) • Discaria toumatou is 
usually important, its deep roots able to seek water well below 
the surface. There are some stands of Poa Zaevis where recent 
flooding or wind-blow has caused accumulation of sand and silt. 
Other surfaces adjacent to the rivers have been colonized by 
plants for longer periods, perhaps 1000 years or a great deal 
more, but their thin, organic soils (with A - C profiles) show 
little sign of weathering and they appear not to have been 
influenced by forest cover. They resemble similar soil-vegetation 
systems in parts of the Rakaia, Rangitata and Mackenzie Basins. 
It is reasonable to assume that these areas were the sites of 
natural short-tussock grassland before the period of forest 
destruction. The presence of species restricted to the site 
(Table 13G(c)) supports this assumption tha,t a well-integrated 
grassland community was present then. This is still the case on 
flats in the upper Waimakariri and Poulter Valleys where forest 
is intact. The dominant plants before the influx of introduced 
species would have been Festuca novae-zelandiae and Poa colensoi. 
The river-flat community provided many of the components of the 
induced grasslands after the Polynesian fires. It is notable 
that the species believed to have descended from higher altitude 
(which form the other main component of the induced grasslands) 
are generally not present in the river-flat grasslands. 

An important limitation to plant growth on the river flats 
is the freely-drained substratum, which makes them liable to 
suffer from drought. In the droughts of the early 1970's it was 
noticeable that many Festuca novae-zeZandiae tussocks had died on the 
flats near the Cass River. 

There are many places in the Cass district where grassland 
of normally dry sites merges into wetter sites which carry 
vegetation dominated by distinctive species, especially Schoenus 
pauciflorus, Ca:rex and Juncus species. Some grasses and £orbs grow 

·1 
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in drier sites, as well as the margins of wet areas, but some 
grassland species are restricted to damp sites. They include, 
in places where soil fertility is relatively high, Breutelia 
pendula, Festuca ruhra, Holcus lanatus, Mazus radicans and Prunella vulgaris. 
Where poorer acid soils occur, HerpoUrion novae-zelandiae, Pemettya 
nana and Polytrichum formosum may be present in damp sites. 

Phenology, Seed Production and Germination 

A study of the potential for reproduction by seeding of some 
of the main grasses was made by Sewell (1947) in sites near Cass. 
Some of his results are noted below. 

TABLE 13H: PHENOLOGY OF THREE GRASSES 

Culms Appear Flowering Seed Shed 

Agropyron scabrum early Dec. late Jan. late Mar. 

Festuca novae-zelandiae early Jan. early Feb. mid Mar. 

Poa colensoi late Nov. late Dec. early Mar. 

TABLE 13I: POTENTIAL FOR SEED PRODUCTION AND GERMINATION 

Mean No. 
Mean No. Florets Total No. 

Seed Heads Per Seed Florets % Seed 
Per Plant Head Per Plant Germination 

Agropyron scabrum 4 20 80 33 

Festuca novae-zelandiae 25 46 1150 17 

Poa co Zensoi 15 31 465 11 

From observations made in August, Sewell found that 
relatively few seedlings of each of these species (Agropyron 
seedlings being rare) were found in humus at the base of 
Festuca tussocks on the sheltered south-east side. Somewhat 
larger numbers of Anthoxanthum odoratum seedlings were found 

Mean No. 
Viable 

Seed Per 
Plant 

26 

195 

51 

in the same place. Frost lift of seedlings was apparent, but 
they did not seem to be affected badly when protected by the 
tussocks. Sewell concluded that the dead leaves of the tussock 
were important for protection and moisture conservation. 
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Fire Effects from 185 7 Onward 

Early effects of fire are not known in detail. It is likely 
that much scrub on the old forest soils around the Cass basin 
was destroyed and replaced by Festuca - Paa grassland. It is likely, 
also, that species sensitive to such disturbance (e.g. Aciphylla 
spp., Gingidia mantana) would have been reduced. The evidence 
visible in old photographs from the 1870s, 80s and 90s is yet to 
be analysed. Evidence of disturbance about 1915 is plain from 
Foweraker's photographs (Chilton 1915, Speight 1916, and albums 
held in the Botany Department). The predominant vegetation on the 
floor and walls of the basin then was short tussock grassland. 
In the next 40 years, in many places, shrubs grew up to form 
communities ranging in complexity from those with one or a few 
shrub species dotted in grassland to dense species-rich scrub 
(as outlined in Section 15). Characteristics of the old forest 
soils (Cass, Tekoa and Bealey), which apparently favour the 
replacement of grassland by scrub, are that they are inherently 
less fertile than the Tasman soils, have deeper profiles, have 
clay in their subsoils and have better water-holding capacity. 
A partial reversion to grassland occurred in places where manuka 
blight killed much of the Leptaspermum saaparium at lower levels 
around the basin from about 1950 to 1965, but this process appears 
to be reversed again now as the effects of manuka blight subside. 

The interaction of grassland and scrub with fire episodes 
can be observed in the places where fires have influenced the 
vegetation at known times (Table 11A). Observations of the fans 
above the Field Station show that, after the 1947 fire, a grass
land cornmuni ty developed, dominated by Festuca navae-zelandiae, 
Anthaxanthwn adaratum, Agrastis tenuis and Paa calensai and dotted with 
shrubs. Cassinia fulvida, Discaria taumatou and, possibly some 
Leptospernrum scaparium, regrew from the stumps of burned shrubs. 
This fire seems to have been particularly hot. There were many 
areas of bare soil up to 2 m across, which were eroded by needle 
ice and wind and could not be colonized by plants until the 
formation of a lag pavement of small stones which halted the frost 
lift. By 1956 the.se patches were being invaded from the margins 
by species such as Agrastis tenuis., Cyathades fraseri and RaauUa 
subsericea. Today, hardly any of them remain bare and the shrubs 
have become taller and denser. Death of many Cassinia bushes, 
probably primarily due to drought, has occurred in the last few 
years. Grazing by sheep and/or moth larvae may be partially 
responsible, however. 

Sewell (1947) made some immediate observations after a fire 
below Gog Hill. On drier sites, Festuca tussocks were burnt deep 
into the crowns and partly killed, and all dead leaf material was 
destroyed. On damper sites the tops only were burnt. Paa Zaevis 
was not as severely affected (and is usually in damper sites). 
P. calensai did not suffer badly and its outer leaves were merely 
singed. The vigour of P. calensai was hardly affected, but Festuca 
received a severe check. Subsequently, the new growth of Festuca 
and P. Zaevis were heavily grazed by sheep while P. colensai was not 
much grazed. Sewell concluded that the removal of litter from the 
base of tussocks by the fire adversely affected seed germination 
of all the main grasses so that it may be two or more years after 
a fire before the microclirnate again becomes suitable for seed 
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germination. Fire also reduced the growth of leaves and seed 
production of the grasses. 

Dick (1956) described the grassland vegetation which had 
replaced beech forest burnt 60 years before on Burnt Face. 
It would be useful to investigate this and other burnt forest 
areas now. 

Grazing Effects 

Relationships of the valley and mid-altitude grasslands with 
grazing have been studied in general by Cockayne (1916) and in 
detail by Malcolm (1925), Sewell (1974), Wilton (1948), 
Dick ( 1956, Unpublished report, North Canterbury Catchment Board) 
and Moffat (1957). 

It is likely that the main diet of sheep in the Cass 
grasslands consists of Agrostis tenuis and Hypochaeris radicata. 
The former increases markedly in fenced-off areas and its 
vigorous growth is inimical to the survival of most native plants 
in the grasslands. It is important, thus, to continue light 
grazing on those areas in which it is desired to maintain some 
native components in the vegetation. Agrostis survives gra~ing by 
its rhizomatous habit and relatively rapid growth, and spreads 
readily by producing abundant seed. Hypochaeris survives because 
of its closely-appressed habit and its potential for regrowth 
from the rootstock, and it too spreads rapidly by production of 
large quantities of seed which are widely dispersed by wind. 

The specific studies of grazing effects were undertaken in 
a number of ways. Sewell (1947) simulated grazing by clipping 
foliage. On large tussocks of Festuca novae-zelandiae, cutting to 
8 cm above ground level had an adverse effect on the growth of 
green leaves, but this was not so apparent in Poa coZensoi. 
The growth period lasted from September until mid-January. 
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TABLE 13J: EFFECTS OF CUTTING ON GROWTH 
(Measured in cm) 

Height of Maximum spread Height of tall-
tallest leaves of tussock est sead head 

Cut Uncut Cut Uncut Cut Uncut 

30. 7±6 .1 41.1±4 .6 40.4±5.8 

46 .. 5±6 .1 52 .1±11. 4 63.5±4.8 

15.7±2.0 26.7±2.8 24.4±5.6 

18 .0±5. 3 28.9 ± 3.0 25.9±4.8 

Mean No. of 
seed heads 

Cut Uncut 

17.7±17.7 

63.5±41.0 

45.7±45.7 

45.7±20.0 



209 

The leaves of F. novae-zelandiae live for more than one season 
while those of P. colensoi last only one season and this may 
partly account for the differences in response to cutting. 
Removal of the older leaves by cutting exposes new leaves to 
sun, frost, wind and grazing. New growth of F. novae-zelandiae 
was eaten by sheep until January, and, of P. colensoi, until 
November. Most of the cut tussocks of F. novae-zelandiae appeared 
to be dying in the centre. In fact, neither of these species is 
normally grazed by sheep (although cattle will eat them) so that 
it is only after fire that they appear much in the diet of sheep. 
Similar experiments are needed on all the grassland plants to 
establish their grazing responses. Darling (1950) found that the 
nutritive value of many of the grassland plants was low, but that 
of Hypochaeris radicata was high. 

Part of the study by Sewell (1947) and further studies by 
Wilton (1948), Dick (1956, Unpublished report, N.C.C.B.) and· 
Moffat (1957) were measurements by point analysis of the 
composition of grasslands in grazed sites compared with enclosed, 
ungrazed sites at Craigieburn, Marymere, Long Hill, and the base 
of Mt. Baldy. Sewell found, after one year's enclosure in four 
sites at Craigieburn, that there was little difference in density 
of cover and botanical composition between grazed and ungrazed 
sites. Wilton (1948) continued the study with a more rigorous 
test of point sampling techniques. Some of her data are included 
in Table 1 3K. 

TABLE 13K: COMPARISON OF VEGETATION COVER POINT SAMPLES 
FROM GRAZED AND UNGRAZED PLOTS 

Long Hill 
grazed 
ungrazed 

Craigieburn 
grazed 
ungrazed 

Marymere 
grazed 
ungrazed 

1946 (Sewell) and 1956 (Moffat). 

Density of Vegetation 
(Total hits per 50 points, average of 400 points) 

1946 

139.8 
ll5.9 

159. 7 
145 .8 

180.7 
170.9 

1956 

241. 3 
207.5 

222.1 
287.7 

235. 9 
298.4 

difference 

101.5 
91.6 

62.4 
141.9 

55.2 
127.5 

% increase 

72.8 
79.0 

39 .1 
98.0 

29.6 
74.8 

Dick (1956, Unpublished report N.C.C.B.) noted that, on 
unenclosed areas, after 9 years bare ground was increasing at 
the expense of live plants. Enclosed areas were stable and showed 
some slow gain in cover. 

I 
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TABLE 13L: COMPARISON OF. COVER, BY SPECIES, IN GRAZED AND UNGRAZED PLOTS 
1946 (Sewell) and 1956 (Moffat) 

(Total hits per 50 points, average of 400 points) 

Festuca novae-zelandiae 

Long Hill 

grazed 
ungrazed 

Craigieburn 

grazed 
ungrazed 

Marymere 

grazed 
ungrazed 

1946 

38.2 
28.7 

53.8 
66.l 

63.8 
72.5 

1956 

79.9 
43.4 

76 .1 
114.4 

45.4 
92.4 

difference 

+ 41. 7 
+ 14.7 

+ 22.3 
+ 48.3 

- 18.4x 
+ 19.9 

% increase 

108.0 
51. 3 

41.4 
73.1 

28.8 
27.4 

X burnt 2-3 years previously 
Poa·colensoi 

Long Hill 

grazed 
ungrazed 

Craigieburn 

grazed 
ungrazed 

Maryrnere 

grazed 
ungrazed 

20.8 
38.2 

38.2 
38. 2 

46.5 
47.2 

Anthoxanthum odoratum/Agrostis tenuis 

91.l 
90.0 

97.6 
94.9 

80.4 
70;8 

+ 70.3 
+ 51.8 

+ 59.4 
+ 56.7 

+ 33_9x 
+ 23.6 

X burnt 2-3 years previously 

(the latter was recorded with "other grasses", in 1946) 

Long Hill 

grazed 
ungrazed 

Craigieburn 

grazed 
ungrazed 

Marymere 

grazed 
ungrazed 

18.1 
10.4 

34.2 
33.9 

21.1 
23.1 

20.1/10.8 
6.2/ 5.2 

1.8/13.3 
1.6/15.5 

10 .0/25. 5 
1. 3/16 .1 

+ 2.0 
4.2 

- 32.4 
- 32.3 

- 11.1 
- 21.8 

351.8 
136.0 

155 .o 
148.5 

73.0 
50.0 

11.1 
40.4 

- 95.0 
- 95.5 

- 52.6 
- 94.4 
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Using total hits per 50 points and 400 points per sample, 
Moffat (1957} found a variety of responses to enclosure when his 
rBsults were compared with those of Sewell (1947}, in the same 
sites. As can be seen from Table l3K, showing the gross changes 
in cover, two out of three ungrazed sites showed substantially 
greater increases in cover than the grazed sites. The differences 
on a species basis are included in Table 13L. It should be noted 
that the sampling in 1946 and 1956 was not done in precisely the 
same positions. Moffat concluded that there were no substantial 
differences in numbers of species in the grazed and ungrazed 
sites. The site to site changes were variable (Table 13L} and, 
although the total vegetation was denser after 10 year's 
endlosure, there were no revolutionary changes which could be 
ascribed to protection from grazing. Notable is the well-marked 
upsurge of AgPostis tenuis, apparently at the expense, mainly, of 
Anthoxanthwn odoPatum. 

Areas enclosed near the Field Station since 1959 have 
witnessed a marked increase in AgPostis tenuis compared with 
surrounding areas. 

Simple observations show two ecological relationships 
resulting from the presence of grazing animals. The growth of 
plants of Festuca novae-zelandiae and AgPostis tenuis is enhanced by 
proximity to the almost permanent trails made by sheep.in the 
grasslands. This is undoubtedly a result of soil enrichment by 
urine and, probably to a lesser extent, by dung. In a study of 
vegetation in relation to tracking on hillsides of Banks 
Peninsula, Radcliffe (1966} showed that more vigorous growth of 
plants near the tracks resulted from the higher levels of 
nitrogen and phosphorus present, compared with the intervening 
areas. 

Selective grazing occurs; Cockayne and Foweraker (1916} 
noted that AciphyUa suhflabe Uata and AgPopyPon scabY'um were rare in 
the grasslands as a result of grazing. These species persist 
to this day so that the effect may be less severe than they 

·believed. However the AgPopyPon is usually more common at the 
base of shrubs such as DiscaPia, and the AciphyUa is always most 
common where it is protected in areas fenced from grazing. Hares 
are known to graze it. HymenantheY'a alpina and Cay,michaelia species 
are adversely affected by heavy grazing, both by sheep and hares. 

Future research requirements in the grasslands include a 
more thorough analysis of the alpine grasslands, studies of 
growth and productivity and regeneration of the species present, 
a careful examination of sites burnt at various times, monitoring 
of change, including that on areas being topdressed and oversown, 
and an integrated study of the grassland ecosystems. 

::'!Ill: 
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14. RIVERBED VEGETATION 
! 

C.J. Burrows 

Among the more striking landscape features of the Cass 
district are the wide shingle riverbeds across which braided 
streams meander. Only in periods of high flood are the riverbeds 
(more appropriately called floodplains) covered by water. In the 
periods between floods the streams remain in "permanent" channels 
with alternate, relatively long, level, deeper stretches, 
separated by rapids. 

Shingle riverbed as a habitat for vegetation has been 
considered by Cockayne (1911), Cockayne & Foweraker (1916) and 
Calder (1961), and Foweraker (1917) described the form, root
systems and anatomy of plants of the riverbed in relation to their 
ecology. The last three of these articles relate specifically to 
Cass. Later studies, by Ecroyd (1972) on Epilobium melanocaulon and 
of plant succession at Cass, by Singleton (1975) provide more 
information about the plant ecology of riverbeds. 

Riverbed Geomorphology 

Knowledge of the geomorphology of the riverbeds is important 
to the understanding of the dynamics of their vegetation. Wide 
shingle riverbeds result from the interaction of periodic heavy 
flooding of the rivers and excessive supply to them of shingle, 
which is moved varying distances during floods, but which cannot 
be carried away, except on a relatively small scale, at other 
times. Thus, during an intense rainstorm large amounts of debris 
of all sizes from sand to pebbles and cobbles are moved, from 
sources on hillsides and in steep tributary stream-beds, on to 
the gently-sloping floors of the valleys, the riverbeds, over 
which the floodwaters are flowing. Clay and silt, though present 
suspended in the floodwaters, are unimportant in the substrate of 
the riverbed except on a small, local scale. There will be rough 
sorting and uneven distribution of the different grades of debris 
in the riverbed according to local unevenness in strength of flow 
of the water but, broadly-speaking, each major flood episode 
produces a sheet of gravel cut by the channels occupied by the 
main streams in the floodwaters. These channels may shift across 
the riverbed during the course of a flood or successive floods 
(because of local changes in base-levels caused by build-up of 
shingle) but when a flood subsides they form the channels occupied 
by "permanent" streams. Lesser flood episodes may cut new 
channels and shift shingle over narrower strips of the flood
plain. In some instances, especially in narrow valleys, the 
streams have quasi-permanent positions related to control of the 
streamcourseby features such as large boulders or rock-bluffs on 
the .banks which deflect the stream from side to side of its 
flood-plain. 

The resultant, in the wider river-beds, is a complex of 
anastomosing channels, with or without water, paved in parts with 
cobbles and boulders, in others with pebbles. The channels are 
separated by rather lenticular, raised stretches of shingle 
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forming small plains and each one often rather uniform in the 
textural assortment of stones present. For example, one may be 
dominated by boulders and cobbles in a matrix of coarse sand,. 
another may have pebbles, sand and a little silt, which usually 
forms crusts on the surface. Fig. 14•1 shows a plan and 
Fig. 14•2 a cro~s-section through a complex of channels and raised 
gravel plains, in the Waimakariri riverbed near Cass. 

Unless a gravel plain is above the level of flooding for a 
considerable time and protected from erosion by distance from an 
active stream .there can be no development of more than a 
transitory, open vegetation cover, because each new flood either 
sweeps away the vegetation or deposits more gravel over it. It 
is likely, since.major changes in base-level seem to require 
catastrophic causative events, that the derivation of surfaces 
upon which long-term plant succession can occur is a periodic 
phenomenon. In the mountains near the main divide, surfaces of 
different age (with spacing of half a century or more) are known 
to be related to minor glacial advances accompanying cold climate 
episodes. In other instances they are likely to be related to 
major tectonic events (earth movements) or to widespread 
devegetation by fire, both of which enhance the supply of gravel 
to the rivers. In some stream-beds in the Cass district, small 
shingle terraces are present, vertically widely-spaced and these 
clearly have been colonized by plants over periods of several 
decades. They were caused by the pouring out into the stream-bed 
of thick shingle sheets during very heavy rainstorms, after which 
the streams cut flights of terraces. Such events have probably 
also controlled the periodic development of strips of shingle 
plain of different ages in the larger riverbeds. At least 60 
major floods are known to have occurred since 1865. Of these, 
floods in 1925, 1927, 1936, 1940, 1950 and 1957 were exceptionally 
heavy (Cowie 1957, Hayward 1967). Recently, major floods occurred 
in 1967, 1970 and 1975, but they were not as heavy as the earlier 
ones. 

Vegetation Development 

At Cass no direct studies have been made of the rate of 
development of vegetation. Many of the surfaces in the Cass 
riverbed studied by the earlier workers have either been buried 
by build~up of shingle or disturbed by river-control works. 
Suitable areas for the study of riverbed vegetation remain in the 
Rawdon and Waimakariri riverbeds. 

To facilitate the study of plant succession (by examining 
surfaces of successively greater age) Foweraker (1917) arbitrarily 
divided the surfaces into the class.es "bed proper", "transition 
terrace, grades 1, 2 and 3" and "terrace". Although the grades, 
beginning with bare shingle ("bed proper") and ending with mature 
tussock grassland ("terrace"), merge into one another, they are 
recognizable both physiographically and floristically (Calder 
1961). Calder described the plant succession from bare shingle 
to tussock grassland in terms of three seral stages characterised 
by: 1. Colonization by EpiZobiwn spp. and Raoulia spp., especially 
E. melanocaulon and R. tenuicaulis. Annuals and short-lived perennials 
are prominent. 2. Development of large Raoulia mats, especially 
R. haastii. 3. Development of shrubs, especially Discaria 
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vegetation areas equivalent to grades 0-4 in Singleton's 
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toumatou and Helichryswn depresswn and presence of R. australis. He 
and Foweraker (1917) both stressed the importance of the 
stabilizing mat-forming plants and their role in trapping sand 
and silt; some of the fine material is washed in during floods 
but wind-blown particles are also important. The form of the 
specialized mat-formers and other plants such as thorny Discaria, 
is well described by Foweraker, as is the importance of the 
mat-formers in build-up of humus. 

In a study of an area of the Waimakariri riverbed near Cass, 
Singleton (1975) recognized six habitat grades on the floodplain 
proper. They were not always clearly defined in their substrate 
conditions nor in vegetation cover which merged from one to 
another. Apart from the patently different ages of freedom from 
disturbance by flooding and shingle deposition these habitat 
grades possessed some differences in general substrate conditions 
and probably in water regime which could have influenced the 
fine-scaled course of plant succession. Of considerable interest 
was the rediscovery here by Singleton of Myosotis uniflora, not seen 
since Cockayne & Foweraker recorded it in 1916. 

The six grades of habitat recognized by Singleton are: 

Grade 0: River channels in which water is flowing and their dry 
margins and also recently vacated channels. These latter 
are likely to be covered with water during minor flooding, 
some quite frequently. The surface consists of loose, 
rounded stones ranging in size from pebbles to large 
boulders in a matrix of unconsolidated sand. Water-table 
is close to the surface in most such areas and there is no 
vegetation except for filamentous algae on stones in the 
water. 

Grade 1: This is similar to the above and merges into it but 
differs in being slightly higher above normal water-level 
and is less frequently flooded. It is sparsely vegetated 
with scattered young plants of Epilobium mefonocaulon, some 
RaouUa tenuicaulis seedlings and scarce seedlings of a few 
other species (Table 14A). It is likely to be influenced 
by minor floods which would cause it to revert to Grade 0. 

Grade 2: Again this is similar to Grade 1 in physical conditions 
but more sand, better consolidated, is present. The 
colonization process has proceeded a little further. The 
surfaces would be submerged by moderate floods. 

Grade 3: Even more sand is present. Well-established, though 
scattered, vegetation is present, dominated by R. tenuicaulis 
mats of large size. R. hookeri~ R. australis and old 
E. melanocaulon plants accompany it. Humus is beginning to 
accumulate within the Raoulia mats and colonization of the 
mats by species such as Anthoxanthum odoratum~ Agrostis tenuis 
and TrifoUwn repens takes place. 

Grade 4: The stony substrate is richer in pebbles than in the 
other sites and the pebbles are imbedded in a compact, sandy 
matrix. Plant cover is denser but there are still areas of 
stones and sand, colonized to some extent by lichens 
(Baeomyces spp. on sand, Parmelia spp. on stones). Large Raoulia 
mats, up to 1. 5 m in diameter, especially of R. haastii, but 
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form hummocks which are colonized by 
Scattered small shrubs of Discaria 
and Rosa rubigi.nosa are characteristic-

Grade 5. The substrate is similar to Grade 4 but much less 
unvegetated shingle is apparent. The Raoulia species are 
infrequently present and the predominant vegetation consists 
of scattered .shrubs in a matrix of grasses (Anthoxanthum, 
Agrostis and Poa Zaevis, forbs and Racomitriwn Zanuginosum). 
Flooding rarely 6ccurs. 

Table 14A summarizes Singleton's analysis of the floristic 
composition of the vegetation. 
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TABLE 14A. DISTRIBUTION OF PLANT SPECIES IN FIVE GRADES OF RIVERBED HABITAT 

* introduced plant 

C very common 
L large 

M moderately common 
I medium-sized 

Grade 

Acaena inermis 
A. microphy 7,, la 
Achillea millefolium* 
Agrostis tenuis* 
Anthoxanthum odoratum* 
Chrysanthemum leucanthemum* 
Cirsium vulgare* 
Coprosma pe triei 
Digitalis purpureus* 
Discaria toumatou 
Epilobium adenocaulon* 
E. me lanocau Lon 
E. microphyUum 
E. nerteroides 
Festuca rubra * 
Geranium sessi liflorum 
Gnaphalium luteo-album 
Hebe odora 
HeUchr•ysum depressum 
Hypochaeris radicata* 
Lachnagrostis filiforme 
Mimulus guttatus* 
Muehlenbeckia axillaris 
Myosotis uniflora 
Parahebe decora 
Pimelea prostrata 
Plantago lanceolata* 
Poa laevis 
Racomitrium lanuginosum 
Raoulia australis 
R. glahra 
R. ha11sti.i 
R. hooker1: 
R. tenuicaulis 
R. sp. (undescribed) 
Rosa ruhiginosa* 
Rumex acetosella* 
R. ohtusifoUus* 
Sagina procumbens* 
Salix fragiUs* 
Sedum acre* 
Trifolium arvense* 
T. duhium* 
T. repens* 
Ulex europaeus* 
Wahlenbergia alhomarginata 

1 

R,S 

M,S 
R,S 

R, I 
R,S 

u,s 

R,S 

R,S 

V uncommon R rare 
S small (related to ultimate size 

of plants in the locality) 

2 

R,S 
R,S 

V,I 

R 
C,S-L 
M 

R,M 

U,I 

U,S-L 

U,I 
M,S-I 

U,I 

R,S 

R,S 

3 

U,I 
U,S-I 

U,I 
U,I 
U,S-L 

R,S 
R,S 

M,S-L 
U,S-I 

R,S 

U,S-L 

U,I 

M,S-L 

U,S-I 
C, I 
C,S-L 

R,S 
M,S-I 

R,S 

M,S-I 

M,S-L 
R,I 
U,S-I 

4 

M,S 
M,S-L 
U,S-L 
U,S-I 

R,S 
R,S 

R,S 
R,S 

R,S 
R,S 

u,s 
M,S-L 
R,I 

R,I 

U,I 

C,S-L 
u,s 
M,S-I 
C,S-L 
M,S-L 
R,S 
u,s 
M,S-I 

R,S 
U,I 
C,S-L 

C.,S-L 

U,I 

5 

v,s 
V,I 

C,S-L 
M,S-L 
M,S-L 
R,S 
u,s 
U,S-I 

U,S-I 

R,I 
U,S-I 
C,S-L 
R,S-I 

R,I 
R,I 
M,S-L 
M,S-L 
C,S-L 
u,s 

R,S 

M,S 
M,S-L 
u,s 

u,s 
U,S-L 
C,S-L 

C,S-L 
U,I 
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Additional species recorded by Calder (1961) are: 

TABLE 14B. ADDITIONAL SPECIES IN THREE GRADES OF RIVERBED HABITAT 

* introduced plant 

Successional Stage 1 2 3 

Agropyron scabrwn + + + 

Aira caryophyiiea* + 

Brachycome sinciairii + 

Cardamine debiiis + + 

Carmichaeiia monroi + + 

Cerastiwn giomeratwn* + + 

caioba:nthus mueiieri ( ?) + + 

Cotuia perpusiiia + + 

Cyathodes fraseri + 

Deyeuxia avenoides + + + 

Dichefochne crinita + t 
Festuca novae-zeiandiae + + 

.t 
Ho fous ianatus * ~; 

l 
Linum catharticum* + t 

I 
Luzuia rufa + + t 
Piantago spathuiata + 

I Paa coiensoi + 

P. Undsayi + + + 

P. pratensis* + + 
5. 

t 
Raouiia monroi + 

scieranthus unifiorus + + 

Sperguia arvensis* + + 

Steiiaria graciienta + + + 

s. media* + + 

Vittadinia austraUs + 

Vuipia bromoides* + + + 

.,l 
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An approximate concordance of the seral stages described by 
these workers and a tentative time scale, based on knowledge of 
rate of colonisation of shingle outwash surfaces near Canterbury 
glaciers is: 

TABLE 14C. CONCORDANCE OF SERAL STAGES DESCRIBED BY THREE WORKERS 

Foweraker 

Bed Proper 

Transition Terrace 

Terrace (young*) 

Terrace (old*) 

Singleton 

Grade 0 ) 
) 

1 1 ) 
) 

2) 2 

) trans-
3 

) 

ition ) 
al ) 

) 

3 (4 ) 
---( ) 
) (5 
) 
) 

* Interpolation by present author. 

Calder 

Stage 1 

2 

3 

Approximate time scale 
for freedom from 

disturbance 

---1 to 5 years 

--ca 100 years 

--ca 300 years or more 

--possibly 1000 years 
or more 

The "terrace" noted by Foweraker should be separated into at 
least two stages of different age; a younger one dominated by 
forbs, small shrublets and grasses and/or Discaria and character
ised by the presence of Raoulia monroi., Cyathodes fraseri., Muehlenbeckia 
axi.Uaris and Racomitrium Zanuginosum. The other, older, stage is 
dominated by tussocks of Festuca novae-zelandiae and Paa colensoi, 
together with other small associate species and/or Discaria. Some 
areas along the riverbed are vegetated by relatively dense scrub 
in which Discaria, 2 m or more high, may be the sole dominant but 
other areas carry tussock grassland. Calder believed that 
Discaria scrub in stable riverbed sites was ultimately replaced by 
grassland because Discaria seedlings could not compete for light 
with the grassland species. This is by no means firmly 
established. There are grounds for belief that Discaria remains 
for very long periods in some sites because of their relatively 
high soil fertility and in others because of access to reli~ble 
subsurface water supplies. It is also quite likely that grassland 

,I 
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develops in some sites without the occurrence of an intermediary 
Discarfo . stage. 

Debris Flow Succession 

Oldridge (1922) studied the colonisation of "shingle fans" 
(fresh debris-flows) subject to periodic disturbance, erosion and 
shingle deposition beneath the flanks of Mt Baldy. 
Although the phases of colonisation cannot be exactly equated 
with those described by other workers in the riverbed, succession 
takes a similar course and many of the same species are present. 
In the approximate equivalents of Foweraker's transition terrace 
2, 3 and terrace (young) the following additional species occur: 

TABLE 14D. ADDITIONAL SPECIES COLONIZING DEBRIS FLOWS 

* introduced plant 
terrace 

2 3 (young) 

Blech:num penna-marina + + 
Carmichaelia rivulata + + 
Cirsium arvense* + 
Coriaria sarmentosa + 
Drapetes dieffenbachii + 
Gnaphalium luteo-album + 
Hymenanthera alpina + 
Myosotis australis + 
Oxalis corniculata + 
Parahebe decora + 
Verbasaum thapsus* + 

Some shrubs of the normal Cass communities were present late 
in the succession. 

Brief surveys of debris flow vegetation in the Cass area 
have been done by undergraduates, in recent years, but a thorough 
examination of plant succession is needed. The rate of 
colonization seems to be reasonably rapid. After a year species 
such as Epilobium melanocaulon and Raoulia tenuicaulis are established. 
By about three years grasses such as Anthoxanthum odoratum and 
Lachnagrostis fitiformis are present, as well as forbs like Acaena 
anserinifolia, Cirsium vulgare, C. arvense and Verbascum thapsus. The 
first shrubs, especially Cassinia fulvida, are present. After about 
ten years there is a cover of quite dense scrub, with Discaria 
toumatou most prominent and especially on the extensive suite of 
flows under Pastoral Pk, sweet brier (Rosa rubiginosa). Paa laevis 
is often present. The provision of fresh rock material for 
weathering makes these habitats slightly more fertile than the 
surrounding grassland soils especially with respect to phosphorus 
(Molloy 196 6) . 



225 

General Ecology 

Aspects of the general ecology of riverbed plants were 
discussed by Cockayne and Foweraker (1916), Foweraker (1917) and 
Calder (1961). Calder made some measurements which show that the 
microclimate is relatively harsh. There is strong heating at the 
surface and strong, dry winds occur commonly in summer, making 
for a high evaporation potential. The substrate is porous and 
drains freely. Nevertheless there are fairly frequent showers 
(average number of rain days, per year, for 10 years was 114). 
Calder showed that, in the riverbed, the sandy substrate was 
rarely dry at depths below 8 cm. As lateral distance from the 
riverbed increases, however, the depth of the water table 
increases and drying can occur to considerable depths in drought 
periods. Calder noted that local variations of species 
distribution depend on the availability of subsurface water. 
Raoulia tenuicaulis is limited, in very stony sites, to positions 
near the normal stream level but on sandier substrates, as 
Singleton's data show, it is able to colonise higher positions 
because of the better water-holding capacity of sand .. None of 
these workers discussed the presencef in some places in the river
bed, of small permanent spring-fed streamlets, which have marginal 
vegetation characterised by the presence, among other species, of 
Carex petrie1:., Gunnera dentata., Schizeilema spp. and the blue-green alga 
Nostoc sp. 

Soil fertility has received little study. Calder published 
figures for Cass river water showing there to be low but 
appreciable amounts of cations and phosphorus but no nitrogen 
present. More study is needed to examine local variations in 
nutrient availability and to relate them to development of soil. 
in the form of sand trapped by the Raoulia and other plant mats 
and humus accumulated by the plants. The nitrogen-fixing plant 
Discaria (and the introduced legumes) almost certainly play a role 
in this but it is likely that sources of nitrogen (and other 
nutrients) for the earlier colonisers are wind and water
transported organic debris, free-living nitrogen fixing organisms 
and the rain. Coriar>ia sarmentosa may play a similar role to 
Discaria in nitrogen fixation, but it is usually confined to 
stabilised sites with deep, sandy substrate and is uncommon in 
riverbeds near Cass. 

Ecroyd (1972) believed that his measurements of total 
nitrogen in Epifobium melanocaufon plants suggested that there was an 
efficient system of withdrawal of nitrogen from old tissues and 
its recycling to new shoots. New shoots contained about three 
times the amount of nitrogen found in older shoots, as a 
percentage of dry weight. More experiment is needed on this. 
Ecroyd demonstrated that E. melanocaufon has very wide-spreading 
root systems. He also found evidence that annual growth 
increments occur. There is rapid vegetative growth in October 
to December, flowering and seed production in January and 
February, and the whole plant dies down to ground level in winter. 

Details of seedling establishment have been briefly noted by 
earlier workers. The Epifobium and Raoulia species have windborne 
seed, produced in vast numbers, which ensures that some seed, at 
least, will reach favourable sites for germination and establish-

I~ 
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ment. Establishment of species less tolerant than the early 
colonists occurs in Raoulia mats and, since many of the invaders 
are more vigorous in growth than their hosts, the Raoulia spp. 
are supplanted. More work is required on causes of progressive 
replacement of species during the succession. 

Some other fields which require attention are measurements 
of growth rates and population dynamics of the plants; study of 
rates of development of different phases in riverbed plant 
succession; study, in detail, of soil development, especially the 
changing status of plant nutrients; research on physiology of the 
specialised riverbed plants. Foweraker (1917) briefly noted the 
phenomenon of anthocyanin accumulation by some plants in winter 
and possible physiological reasons for it, but this study has not 
been taken further. Foweraker also noted the xeromorphic nature 
of many of the plants but their status as true xerophytes has not 
been established. Thorny Discaria, apparently lifeless Helichryswn 
depresswn and the Raoulia spp. are some which would repay work on 
their water relations. Nutrient relationships require study for 
all of the riverbed species. The Cass and other Canterbury 
riverbeds will be fruitful fields for botanical research for some 
time to come. 
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15. SCRUB VEGETATION 

A.T. Dobson and C.J. Burrows 

Scrub is one of the most conspicuous features of the 
vegetation of the Cass area. Together with the tussock grasslands 
and beech forest it forms the major proportion of the vegetation. 
Much of this scrub occupies land which was once forested (see 
section 11) so that its origin is relatively recent. Prior to the 
Polynesian fires scrub would have been confined to rock outcrops, 
river and mire margins, forest openings and above the forest in 
the subalpine zone. Early European fires in the area apparently 
destroyed some of this induced scrub but, in the absence of fire, 
at least on the old forest soils on shaded slopes, scrub increases 
at the expense of grassland. Photographs taken by Foweraker in 
1915 and others earlier and later show that the amount of this 
vegetation has increased considerably between then and now. The 
east face of Mt Misery below 1000 metres a. s. L was largely 
covered by tussock grassland in 1915 but this has now been 
displaced by a dense scrub in which Leptospermum scoparium (manuka) 
predominates (Figs. 12•1 - 12•l.J.). 

Earlier descriptions of the scrub at Cass were provided by 
Cockayne & Foweraker (1916) and Wardle (1969, 1972) has briefly 
described subalpine scrub in the Craigieburn Range. · 

Induced Scrub 

The most important members of the induced scrub are: 
Leptospermum scoparium~ Discaria toumatou (matagouri), Cassinia fulvida 
(tauhinu), Hebe brachysiphon~ H. odora~ Coprosma propinqua and Dl'acophyUum 
species and hybrids (turpentine bushes). Other species such as 
Corokia cotoneaster and Aristotelia fruticosa also occur widely but 
less frequently. Despite the recent origin of. the scrub several 
of the species show distinct site preferences. 

Leptospermum and Hebe brachysiphon are most abundant on the 
steeper, yellow-brown earth soi ls, with Leptospermum forming dense 
stands on the sunny faces and often absent from cool, shady sites. 
Hebe brachysiphon often occur.s on the southern slopes where it 
forms, initially, a more open scrub with a variety of other speci 
species. It does however, grow on sunny faces but perhaps its 
reduced abundance on these sites is due to competition. from 
Leptospermum. At lower altitudes, Leptospermum scoparium has been 
severely affected by a blight caused by a scale insect, Eriococcus 
orariensis~ first observed in New Zealand in 19 3 7 (Miller 19 71) . 
The insect had apparently come from Australia and rapidly spread 
through the country. Afflicted plants are usually blackened due 
to the presence of a sooty mould which grows on the honeydew 
secreted by the insect. The effects of the blight have been most 
serious _at lower altitudes and can be clearly seen on Waterfall 
Terrace where numerous dead and stunted manuka plants occur. 
However there appears to have been some recovery of the Leptospermwn 
in recent years probably as the scale insect is itself parasitised. 
Certainly on the steeper sunny slopes above 650 metres a.s.l. the 
growth of manuka is vigorous at present. 

Tl 
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Discussing subalpine scrub which has not been disturbed by 
man, Wardle (1969) considered DracophyUum to be indicative of 
older and more stable sites. This is apparently true of the 
induced scrub at Cass, also. Dracophytlum is almost absent from 
the floor of the Cass Basin and the lower slopes where grazing 
and burning have been most intense. It usually occurs in the 
sheltered gullies and in the thicker, taller and more species-rich 
areas of scrub. In the induced scrub the majority of plants are 
part of a hybrid swarm involving D. acerosum., D. uniflorum., 
D. longifolium (and less commonly D. pronum although a striking 
hybrid swarm occurs near Craigieburn Cutting) and it is not 
usually possible to assign a plant to a particular species. 
At higher altitudes DracophyUum assumes a greater "importance in the 
scrub and there is less hybridisation. DracophyUum uniftorum 
becomes abundant although it does not usually form a closed scrub. 
With increasing altitude, lower-growing shrub species become 
more important, including Gauttheria depressa., Cyathodes colensoi., 
DracophyUum pronum and Podocarpus nivatis (snow totara) . DracophyUum 
pronum is especially important in colonising areas denuded of 
vegetation and soil by wind and frost heave. Cyathodes fraseri and 
Gaultheria depressa, both rhizomatous, may also colonise such sites. 
At these altitudes (above 900 metres) tussock grasses and other 
herbs are common in the induced scrub. 

Matagouri Scrub - Induced and Natural 

A vegetation cover in which Discaria is predominant is most 
typical of young, gravelly soils, with little profile development 
and free drainage, at lower altitudes. It is characteristic of 
stabilised screes, debris flows, fans and river flood-plains 
and appears early in plant succession on these (see section 14). 
Often associated with Discaria in hillside communities are 
Coprosma propinqua., Hebe brachysiphon., Corokia., .APistoteUa and DracophyUum 
spp. Rubus vines, sometimes forming discrete shrubs, may be 
present and on steep slopes bracken may occur. Sweet-briar 
(Rosa rubiginosa) is also frequent at lower altitudes. The thorns 
of Discaria, Rubus and Rosa make such scrub particularly unpleasant 
and impenetrable. This vegetation provides protection from 
grazing for many plants. The fern, Blechnum penna-marina is often 
conspicuous in the ground flora. As the scrub matures, often 
becoming 2m or more tall, it sometimes opens up beneath, 
permitting the entry of sheep. 

On coarse block screes Discaria is not the primary invader. 
It is usually preceded by Hymenanthera atpina · which is capable of 
establishing in the almost soil-less conditions of the block 
scree, where it forms low, slow-spreading patches. It is often 
grazed by hares but is tolerant of this. The organic matter from 
bryophytes growing in the shelter of Hymenanthera forms a thin soil 
in which a number of herbs and Discaria establish. 

Discaria is not restricted to mixed scrub on hillsides. It is 
a common component of the tussock grasslands on old forest soils 
on the more gently sloping fans and river flats. Over much of the 
surface of the fans the dominant life forms are herbaceous and are 
considered in section 13. Bushes of Cassinia fulvida and Discaria are 
scattered throughout the grasslands on the older soils. These 
bushes are commonly only 50 cm tall and Discaria is clearly less 
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vigorous than on the steeper, younger soils or on the river flats. 
The loss of vigour probably reflects soil infertility. In 
addition, a number of dwarf shrubs occur through the grassland 
Almost everywhere are Cyathodes colensoi~ C. fraseri~ GauUheria depressa, 
Pimelea species and, less commonly, Carmichaelia monroi. With 
increasing soil poverty the grassland becomes sparser and the 
prostrate shrub lets, Coprosrna petriei and C. atropurpurea, form a tight 
turf. 

The riverbed sites are characterised by gravelly soils with 
a thin veneer of fine, wind-blown silt and sand. Discaria is the 
only large woody plant of importance in the scrub on these soils. 
Grassland vegetation, with the dwarf shrubs mentioned earlier, 
develops beneath the Discaria. In the Cass area Hebe pime·Uoides is 
almost restricted to this habitat along the Cass River, although 
a few plants occur on Romulus Hill. Unlike the other dwarf shrubs, 
H. pimelioides has not spread into the induced grassland and scrub. 
The ri verfla t Discaria scrub apparently persists for a long time. 
The young Discaria establish soon after deposition of the gravels 
and before there is complete vegetation cover. Sometimes dense 
thickets of the thorny shrub occur. As the bushes grow and mature 
there is self-thinning and their density decreases. Eventually a 
savanna-like vegetation is produced consisting of gnarled "trees" of 
Discaria, to about five metres tall, with tussock grassland 
beneath. Discaria cannot regenerate in the closed grass sward and 
other tall woody plants are unable to invade. This Discaria scrub 
probably eventually gives way to tussock grassland vegetation. 
Counts of growth increment rings suggest that these groves of 
gnarled Discaria may be two hundred years old or more. 

Discaria bears root nodules, believed to be nitrogen-fixing 
(Daly 1969). Other nitrogen-fixing shrubs also occur in the Cass 
area. Several native brooms, Carmichaelia species, are widespread 
but never important. English broom, Cytisus scoparius, and gorse, 
Ulex europaeus, are abundant in some areas which have been subject 
to human disturbance, having escaped from hedges. Herbaceous 
nitrogen-fixers are Coriaria species and numerous introduced 
legumes. 

Relict Natural Scrub Below Treeline 

Before the forest was cleared, areas of scrub existed below 
the treeline and in places some of these remain in a relatively 
pristine condition. Mention has already been made of the Discaria 
Lumatou scrub of the riverbeds and debris flows and this probably 
represents the major original habitat of this species. The 
diversity and richness of some of the scrub in Pylon Gully and 
the north-west face of Mt Horrible suggest that forest cover in 
these areas was never complete. 

In Pylon Gully there is extensive scree, much of which has 
been stabilised and carries a mature scrub. The dominant species 
are Hebe brachysiphon,, Coprosma p1'opinqua, C. linariifolia, C. rugosa., 
C. dumosa, Olearia nummularifolia., Aristotelia fruticosa and Discaria toumatou. 
Also present but in smaller quantities are Corokia cotoneaster" 
Olearia avicenniaefolia, Podoca,rpus nivalis., Rubus schmidelioides., Clematis 
petriei" Pittosporum divaricatum and Coprosma ciliata. Emergent above 
the scrub are Grise linia UttoraUs (broadleaf) and Hoher1:a lyal lii 
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(mountain ribbonwood). Hoheria is predominantly confined to the 
valley floor and south-facing slopes. Evidently it does not 
tolerate sites exposed to the desiccating north-west winds. 
Griselinia would probably form a forest if the site remained 
stable for long enough. Beneath this scrub is an understorey 
of herbs and ferns as well as the dwarf rhizomatous shrub, 
Muehlenbeckia axillaris. 

A shrub community borders the stream which drains Pylon 
Gully and is itself surrounded by beech forest. The dominant 
shrubs are Olearia nummu'larifolia and Coprosma propinqua, growing about 
two metres tall, with smaller numbers of Coprosma rugosa., C. dumosa., 
Dracophyllum longifolium, Hebe brachysiphon and Olearia avicenniaefolia. 
There is an understorey of AristoteUa fruticosa, Podocarpus nivalis 
and GauUheria crassa with a ground cover of herbs and bryophytes. 

The north-west face of Mt Horrible differs from other 
mountains of the Cass area in that the rock is more stable 
and less inclined to form screes. The north-west side has a 
number of bluffs and the forest must always have been more open 
around these. This, and the warm aspect, has resulted in the 
presence of Pittosporum tenuifolium (kohuhu) and the twining vine, 
Muehlenbeckia austraUs, both of which do not occur elsewhere in the 
Cass area. Small, isolated groves of Sophora microphyUa (kowhai), 
here and on the steep, rocky, railway side of Goldneys Hill, 
are also, apparently favoured by warm sites. Sophora is not 
otherwise present at Cass. A stand of tall PhyUocladus alpinus 
(celery pine) near the mouth of the Cass River is also probably 
of long standing. 

Although bluffs have provided a refuge for species which 
have subsequently spread following forest removal, they also 
have a characteristic flora of dwarf shrubs which are highly 
specialised and have not spread away from their natural rocky 
habitats. Characteristic are Helichrysum selago., Exocarpus bidwiUii 
and Pimelea traversii., al though the last of these is occasionally 
found in induced shrub. Several of the more ubiquitous of the 
other dwarf shrubs also occur on bluffs. Rock habitats are 
described more fully in section 12. 

Mire vegetation has a characteristic scrub flora, 
particularly around the margins. On the Woolshed Hill mires, 
Dacrydium bidwiUii and PhyUocladus alpinus are abundant and 
DracophyUum uniflorum., D. kirkii and Cyathodes empetrifolia are also 
present. Elsewhere on the margins of more fertile mires 
Hebe odora occurs and may form extensive stands. It is sometimes 
replaced by the smaller H. pauciramosa on the more waterlogged 
sites. Occurring in induced scrub near swamps and lakes are two 
twiggy shrubs, Olearia virgata and Coprosma cf. intertexta. The 
Coprosma has red-brown twigs like the related C. rugosa. However, 
C. rugosa is a plant of well-drained, rocky sites and has stout 
twigs swollen at the nodes, whereas C. cf. intertexta has slender, 
interlacing twigs. A third entity, resembling C. brunnea., in the 
same section of the genus, is found by the small stream which 
drains Horrible Swamp. This has grey, slender twigs and a low 
sprawling habit. It is rooted in the peaty banks of the stream 
and often trails in the water. 

'i 
I 
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Subalpine Scrub 

Before the forest was burnt at Cass, much of the natural 
scrub would have been in the subalpine zone. This subalpine zone 
scrub suffered as heavily as the forest in the fires and much of 
it has been modified, often being replaced by herbs. However, 
in various places at timberline and at the heads of both branches 
of the Cass River the vegetation has not been altered by fire 
although deer browsing may have caused some changes. The 
subalpine scrub of the Cass Saddle is discontinuous, being 
separated by areas of forest, tussock and scree. Some of the 
scrub has developed on scree material while elsewhere it occurs 
because the beech forest is eliminated by regular snow avalanches. 
In some of the vegetation, shrubs and tussock grasses are equally 
important. 

On moist sites near the streams the soils are peaty and the 
dominant species are the shrub, Hebe odora and the tussock grass, 
ChionochZoa paUens with CeZmisia ZyaUii and RanuncuZus enysii 
characteristically present. On slightly drier areas shrubs are 
absent and a zone of tussock grassland occurs, dominated by 
ChionochZoa paUens., C. macra and Paa coZensoi. On the drier, morainic 
ridges tussock grasses become sparse and are replaced by a low 
scrub up to one metre tall. In this Podocarpus nivaUs and 
DracophyUum unifoorum are the dominant shrubs with subordinate 
ChionochZoa macra and CeZmisia ZyaUii. On barren, sunny, stony slopes 
these are replaced by a dwarf scrub of DracophyUum pronum" 
Pentachondra pumiZa, Cyathodes fraseri, C. coZensoi., GauZtheria depressa, 
PimeZea oreophifo and MuehZenbeckia axiUaris and various herbs and 
mosses. 

On the scree slopes of the Cass Saddle there has been 
extensive stabilisation of, the lower slopes by a dense scrub of 
Podocarpus nivaUs (snow totara). This scrub is about 50 cm tall 
but individual bushes may be several metres across. The slow 
lateral spread and rooting of the bushes is the means by which 
the scree is stabilised and the springy nature of the plants 
enables rapid recovery when the weight of winter snow is removed. 
These areas of snow totara have little else but the slender 
branchlets of Myrsine nummularia scrambling through them. At the 
uppermost limit of the beech forest small 1 isolated beech trees 
occur in the snow totara scrub and these have a distinct 
"krummholtz" form with a dense, shrubby mass of branchlets near 
the ground, where protected by winter snow, and a wind-blasted 
"flag" form above. 

On avalanche paths, which form swathes cut in the forest, 
PhyUocfodus aZpinus, Podocarpus nivaUs, Coprosma pseudocuneata and, less 
commonly, DracophyUum unifZorum, are characteristically present. 

Subalpine scrub in tipper University Stream, Sudden Valley, 
and above timberline on most of the more rugged mountains and 
basins, including the Craigieburn in the northern Craigieburn 
Range, is often more diverse. The most prominent species are 
nearly always Podocarpus nivaUs, DracophyUum unif7,orum, PhyUocfodus 
aZpinus and Coprosma pseudocuneata. Additional species include 
AciphyZZa scott-thompsonii, BZechnum procerum, Cassinia vauviZZiersii, 
ChionochZoa flavescens, Coprosma dumosa., C. depressa, DracophyZZum ZongifoZium, 
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Gaultheria crassa, Hebe subalpina, Olearia nummuZarifoZia, Phormiwn cookianum, 
Senecio bidwiUii and (uncommonly) S. cassinioides. Many herbaceous 
species occur with the shrubs and, in the areas of wetter climate 
such as Sudden Valley, the handsome large herbs Ranunculus ZyaUii 
and Celmisia coriacea. The scrub grades into grassland dominated by 
Chionochloa paUens or C. macra. 

Scrub ascends highest on rocky spurs, and, with the 
timberline, dips down in gullies and valley heads. In places 
like the Woolshed Hill - Savannah range ridge, where the timber
line is maintained as a more-or-less horizontal boundary with 
grassland, usually only a thin band of scrub occurs. Subalpine 
scrub is usually more prominent in valley heads where site 
conditions are too rigorous for the forest to survive. 
Considerable .study remains to be done before the scrub of the 
Cass district, especially that of the subalpine zone, is fully 
described and its ecology understood. · 
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16. FOREST VEGETATION 

C.J. Burrows 

General Nature of the Forests 

Dark blue-green beech forests clothe the upper Cass Valley, 
the flanks of the northern Craigieburn Range, the valleys of Broad 
and Bruce Streams, and the slopes of the Polar Range, Rawdon and 
Andrews Valleys. The dominant tree is almost exclusively 
mountain beech (Nothofagus solandri var. cZiffortioides, hereafter 
referred' to as N. solandri) but there are red beech (N. fusca) stands 
at the toe of steep slopes, reaching up to lower mid-slopes 
(about 750 m) on the mountainsides north of the Waimakariri River. 
A small stand of silver beech (N. menziesii) is known in the west 
branch of the Rawdon River. The N. fusca and N. menziesii 
components of the forest are outliers of more extensive areas of 
these species in the upper Poulter River, across the main divide 
in the Otehake tributary of the Taramakau River and northeast in 
the Rurunui catchment. The red beeches form a taller forest with 
mature trees of greater age, larger stem diameter and canopy 
spread, spaced more widely than mountain beech trees. The 
foliage is lighter green, especially in spring, and early summer. 
Red beech sites seem to be more fertile and to have a relatively 
more equable climate than surrounding mountain beech sites. 

A few other tree species occur sporadically in the forests 
near Cass: Aristotelia serrata*0 ., Carpodetus serratus1'., Elaeocarpus 
hookerianus+., Fuchsia excorticata*0 ., Griselinia littoralis., Hoheria lyallii 0

3 

Podocarpus haUii,, Pseudopanax crassifolius., P, simplex+ and Schefflera 
digitata*. Those marked * tend to be present in moist gullies, 
those marked O at forest margins, and those marked+ tend to 
have a westerly distribution or are found near bogs. 

There are also often numbers of shrubs, usually sparsely 
distributed, but sometimes forming thickets: Archeria traversii+., 
Coprosma depressa++,, C. linariifolia., C. microcarpa_. C. sp. aff. parviflora_. 
C. propinqua., C. pseudocuneata++., C. rhamnoides., Cyathodes juniperina**., 
DracophyUum longifolium+., D. unifZorum++., Gaulheria antipoda**., Myrsine 
divaricata+., Neomyrtus pedunculata+" Olearia arborescens, PhyUocladus 
alpinus+, Pittosporum divaricatum_. Podocarpus nivalis++ ., P. nivalis haUii., 
Pseudopanax colensoi. Those marked + have westerly distribution 
or are common round bogs, those marked++ are commonest near 
timberline, and those marked** on dry ridges or rock outcrops. 
Otherwise the forest understorey is almost solely made up of 
young beech trees. 

Three vines, Parsonsia capsularis., Rubus cissoides and 
R. schmidelioides are occasionally present and two mistletoes 
parasi tise the beech trees, Elytranthe flavida and E. tetrapetala. 
On the ground some ferns (Hypolepis miUefolium., HymenophyUum 
muUifidum., Polystichum vestitum) are present in places, as are 
numbers of herbs, Uncinia spp., Nertera sp., Lagenifera spp., 
Gastrodia cunninghamii_. Chiloglottis cornuta, More herbs occur along 
streams and in forest glades. There is also often a close cover 
of moss on the ground, with species of Dicranoloma., Ptychomnion., 
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Rhizogonium and Thuidiopsis prominent, and, in wetter sites, many 
liverworts (Bazzania., Lepidozia., Lophocolea., Plagiochi la spp.) . 

The trees are usually well clad in a growth of lichens 
(Parmelia., Menegazzia., Sphaerophorus., Pseudocyphellaria., Pertusaria and 
CoUema spp.), liverworts (FruUania spp.) and mosses (Macromitrium., 
Leptostomum., Hypnum spp. ) . 

Variations in the stature of mature mountain beech trees 
in the forest and variations in composition of understorey 
components indicate some site differences (see Fig. 16•1). 

The following account relates to the ecology of Nothofagus 
solandri. Wardle (1970a,b,c,d), who dealt with the general 
ecology of this species ~hroughout New Zealand, carried out 
considerable experimental work in the Craigieburn Range. There 
are aspects of the behaviour of the species at Cass, also, 
which can enlighten the understanding of its general ecology. 

Regeneration Potential of Mountain Beech Forest 

Aspects of the regeneration of Nothofagus species were dealt 
with by Wardle (1970c,d) and Kirkland (1961). Wardle found that 
general flowering of N. solandri occurred at irregular, annual 
intervals. Years of heavy seed production ( "mast years") occur 
at intervals of about a decade. Between mast years, partial 
seed production occurs at about 3 year intervals. In the 
mountains of Canterbury, 1936, 1949, 1957, 1967 and 1971 were 
mast years; 1960, 1963 and 1976 were partial seed years 
(J. Wardle, pers. comm.). 1976 seems to have been quite a heavy 
seeding year in the Cass area as there are many seedlings present, 
dating from it. 

In an altitudinal sequence in the Craigieburn Range, Wardle 
(1970c) found that the quantities of sound seeds (i.e. which 
potentially should germinate), which fell to the ground, were as 
follows: 

TABLE 16A: ·PERCENTAGES OF SOUND MOUNTAIN BEECH SEED 
COLLECTED IN TRAYS IN THE CRAIGIEBURN RANGE 

Altitude 
(m) 

1340 

1188 

1036 

853 

Equivalent number per hectare 
(Mean from 8 seed trays at each site) 

1966 1967 

0 

638 

35,085 

37,636 

155,648 

1,347,883 

3,636,030 

1,179,477 

Loss of seed by predation may be important. Birds / 
(chaffinches), insects (wetas) and mice all feed on beech mast. 
In fact there is sometimes a mouse plague coinciding with a beech 
mast year. 



235 

Seed germinates in the spring of the year following seed
fall. Even if only a small percentage of sound seed germinates, 
appreciable numbers of seedlings could result, at lower altitudes, 
from a year like 1966 which was judged to be a poor seed year. 
Wardle's figures for germination and mortality of seedlings under 
a forest canopy in the Craigieburn Range, however, show that the 
vast numbers of seed produced in a mast year are usually necessary 
to ensure the survival of abundant young trees. 

TABLE 16B: GERMINATION AND SEEDLING MORTALITY OF MOUNTAIN BEECH, 
CRAIGIEBURN RANGE 

Equivalent number per hectare, assuming that ground 
plots received, proportionally, the same numbers of 
sound seed per unit area as did seed trays. 

Seedling mortality Seedling mortality 
Germination after first summer after first winter 

Altitude % of the % of the % of the 
(m) Number sound seed Number sound seed Number sound seed 

1341 4,145 5.1 3,507 84.6 3,507 84.6 

1188 65,693 9.7 51,343 78.2 56,764 86.4 

1036 367,692 20.2 210,793 57.3 234,392 63. 7 

Germination, survival and growth of young plants in various 
other conditions of shading and types of soil surface were also 
tested by Wardle (1970c). Survival was best in light shade on 
bare soil, poorer where forest litter was present and in deep 
shade, and very poor in unshaded conditions. Causes of mortality 
(most of which occurs in summer) are believed to be inadequate 
moisture supplies and, at higher altitudes on slopes, litter 
creep which buries some seedlings and exposes the roots· of others. 
Heavy shading depresses photosynthesis so that there is 
insufficient production of foliage in the first year to ensure 
that growth is maintained. This is especially so at higher 
altitudes where the growing season is short. Observations at 
Cass show that grazing by unidentified invertebrate animals, as. 
well as by hares, red deer and, near the forest margins, by sheep, 
are common causes of mortality. Cicadas, melolonthid beetles and 
certain moth larvae are all known to feed on N. soZandri foliage. 

Phases in the life history of N. soZandri (and other beeches) 
may be described as seedZings (young plants in their first two 
years) ; advance growth (small plants with relatively few leaves 
which persist in the forest, sometimes for many years); young 
sapZings (plants 10 cm to 1 m tall) ; oZder saplings ( 1 m to 3 m tall) ; 
poZes ( 3 m to 8 m tall); canopy trees (separated into the 
appropriate age classes, young, middle-aged, old). 

Growth of Nothofagus solandri 

At least two approaches are possible in growth studies -
direct measurements over time intervals and indirect measurements 
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Profile diagram of beech forest in the Cass district showing 
variation according to topographic site and altitudinal changes. 

1 Forest margin with valley grassland 8 (See Fig. 16•2). 

2 Modal mountain beech forests. Mature trees 15-24 m tall, 
canopy spread 5-12 m. Substrate reasonably well-drained 
alluvium, colluvium. 

3 Red beech stands. Mature trees up to 26 m tall, canopy 
spread 10-15 m. Substrate alluvium, colluvium reliably 
supplied with soil moisture. Soil believed to be more 
fertile than those occupied by mountain beech, and warmer. 

4 Wet sites on terraces, moraines, often near bog margins. 
Trees 6-9 m tall. Soils gleyed, acid, low in nutrients. 
PhyZZocZadus understorey common and other shrubs present. 

5 Site on rock outcrops, ridge crests. Trees 7.5 -12 m tall. 

6 

Soils thin, subject to summer drought. Certain shrubs 
present. 

of forest with subalpine scrub 
Trees become shorter near this 

gnarled. Shrubs of scrub zone 

Timberline, the margin 
alpine grassland 7 . 
margin and trees are 
present in forest. 

and 
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by study of height increments and width increments of annual 
growth layers. The most comprehensive growth studies have 
been by indirect measurement. 

Seedlings 

Germination of N. soZandri seed in the Cass area occurs 
from September onward, after it has overwintered, following 
the autumn seedfall period. Delay of germination of from 
2-4 weeks occurs in the Craigieburn Range with each 300 m rise 
in altitude (Wardle 1970c). Thus, at 1035 m, germination begins 
in mid-October and at 1340 m, in late November. Wardle 
attributes the delay to the effects of lower soil temperatures; 
germination was noted when the daily maximum soil temperature 
at -10 cm consistently rose to about 45°C. Most germination 
at 1035 m was completed in 62 days, but at 1340 m it took 
73 days and some seedlings were still emerging in autumn. 

Rates of development and growth of seedlings depend on 
site conditions. In well-lit, relatively fertile and adequately 
moist sites at 1035 m, Wardle (1970c) found that at the end of 
a growing season (October-April) seedlings had 6-9 leaves 
and were 6-7 cm high. In shade, or at higher altitude, growth 
was correspondingly poorer. At the same altitude, shaded 
seedlings had only 3-4 leaves and were 5 cm high, and at 
1340 m,seedlings in the open and in shade had, respectively, 
4-5 and 2 leaves and were 4 and 3 cm high. 

Extension Growth of Older Plants 

There are two kinds of shoots in N. soZandri (Wardle 196 3) • 
Many of the shoots of young plants, and almost all on adult 
plants, have limited potential for extension, and extension 
growth consists of expansion of leaves and internodes present 
in an overwintering bud, followed by formation of new buds. 
Leading shoots of seedlings, saplings and poles, however, 
produce new leaves continuously and internodes extend through 
the summer, after commencing growth in spring. In young trees 
there may be both a spring and autumn growth flush from resting 
buds (probably only a spring flush at higher altitudes). 
Older trees may produce two or three series of leaves in a 
year. 

When temperatures begin to rise in spring and early 
summer, the resting buds of the shoots of limited potential 
begin to elongate and burst (usually from late September -
early December, Wardle 1970d). This accounts for extension 
growth over most of the framework of old trees and all but 
the leading shoots of younger trees. In open-grown saplings 
in the Craigieburn Range the determinate shoots put on 
3.8 - 5.8 cm of growth in a year (Wardle 1970d). 

Leading shoots begin most rapid growth in spring and 
early summer, and growth then gradually tapers off in the 
late summer and ceases about March (Table 16C). 
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TABLE 16C: MEAN ANNUAL LENGTH INCREMENT ON TERMINAL SHOOTS 
OF OPEN GROWN SAPLINGS IN THE CRAIGIEBURN RANGE 

Altitude (m) 

1340 

1188 

975 

830 

Mean increment 

4.93 

14. 32 

20.55 

40.46 

(cm) s.e. 

2.18 

4.16 

6.09 

7.47 

A maximum annual growth of 60.2 cm was measured on an open-grown 
sapling at 830 m. 

No direct measurements of height growth of older trees have 
been done in the Cass area and no direct measurements of diameter 
growth are available, although some have been done in the 
adjacent Harper catchment. 

Indirect Growth Measurements 

Wardle (1970d) found, from trees felled and examined for 
height growth, that mean increments of saplings up to 3 m high 
were about 7. 6 cm per year, at 10 35 m in the Craigieburn Range. 
The mean annual height increment was similar on saplings up to 
6 m high. Mature trees reached half their total he~ght (23 m) 
at 80-90 years of age and approached maximum height at 150 years. 

Diameter growth (at 1.5 m above the ground) was found, by 
Wardle (1970d), to be at a relatively constant rate for trees 
up to 175 years of age and he believes that the decline in growth 
rate, normally encountered in other tree species as they reach 
maturity, is restricted, in N. solandri, to a short period before 
death. At 914 m, the mean number of annual growth layers per 
centimetre of disc radius for 10 trees, was 10.65 ± 1.28. 
However, there are quite marked differences from stand to stand 
and the extreme range found by Wardle varied from 9.18 layers 
per centimetre to 46.49 layers per centimetre. 

Biomass Measurements 

Maister (1970) made a pilot study of total above-ground 
dry weight of three trees from Middle Bush. His results 
(Table 16D) are broadly indicative only of the values to be 
expected for young N. solandri stands in this area. 

Root Systems 

The root sys terns of N. solandri trees have received little 
study. From fallen trees it is evident that the main rooting 
systems extend only up to about a metre (and often less) below 
the soil surface and form a disc with a spread often less than 
that of the canopy. If the surface horizons of the forest soil 
are carefully excavated between trees, a well-marked 
stratification is evident. The L layer is about 1 - 5 cm thick, 
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TABLE 16D: ANALYSIS OF ABOVE-GROUND DRY WEIGHT 
OF THREE Nothofagus soZandPi TREES 

Tree 1 2 

(inside the forest) 

Age 13 yr 30 yr 

Total stem Length 2.66 m 5.94 m 

Stem Diameter 
4.44 cm 10.46 cm 

at Base 

Total Bole 21. 38 kg 

Wet Weight 
llOO g (includes 

28.2 g sawdust) 

Sample Wet Weight 305.8 g 5.38 kg 

Sample Dry Weight 148.8 g 2.54 kg 

Estimated Total Bole 
535.5 g 10.10 kg 

Dry Weight (% of Total 
Above-Ground d.w.) 

(42.2%) (61. 9%) 

Total Live Branch 
306.0 g 4.20 kg Dry Weight 

Total Dead Branch 
0.89 kg Dry Weight 

Total Leaf 
426.0 g 2.00 kg Dry Weight 

Total Above-Ground 
1.27 kg 16. 20 kg 

Dry Weight 

3 

42 yr 
(much-branched) 

8.90 m 

22.50 cm 

141. 78 kg 
(0 .18 kg sawdust) 

5.66 kg 

2.84 kg 

70. 96 kg 
(60 .6%) 

35 .02 kg ,-, 

5.97 kg 

11.01 kg 

122 .96 kg 
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the Flayer 1 - 3 cm and the H layer 1 - 3 cm, overlying the 
mineral soil and sharply differentiated from it. The H layer 
contains a mass of fungal hyphae (yellow and white are prevalent 
colours) and both F and H layers are knit together by a dense 
network of mycorrhizal roots. Apparently there is a tight cycle 
of nutrients from the litter back to the trees. Arnold (1959, 
1960) investigated the morphology of the mycorrhizal association 
and infection of mountain beech roots by fungi, Horak (1973) the 
mycorrhizal fungi, Morrison (1956) the significance of mycorrhiza 
for nutrition of N: menziesii and Heine ( 19 7 3) the nutrient 
content of leaves and litter of N. solandri and other beech species. 
More such studies are·needed, especially direct examination of 
nutrient cycling. 

Root grafts are commonly seen in fallen trees. Possible 
exchanges of materials between the roots of adjacent trees have 
not been investigated. 

Regeneration at the Lower Forest Margin 

At margins of the forest with valley grassland near Cass 
a very common pattern of age groups is as shown in Fig. 16•2. 
This pattern is present at the edge of continuous forest such 
as that near Riversdale and also round the margins of smaller, 
isolated stands in the Cass basin. The mature canopy trees are 
usually more than 100 years and up to 200 or more years old. 
The branch system of the mature marginal trees indicates that 
they have been at the margin throughout their life. The pole 
trees are usually from 60 to 80 years old~ Alternative 
explanations for this pattern are that (a) There was a period 
when the entire forest stand grew up, possibly after disturbance 
(b) The margin of an existing stand was trimmed back, after which 
the present canopy trees matured, or, possibly, horizontal 
branches grew from epicormic shoots. Some of the smaller, 
discrete stands have undoubtedly arisen from nuclei of one or a 
few parent trees. In several such stands on the lower slopes of 
Mt. Misery the dead, fallen trunks of parent trees lie in the 
midst of the groups of young trees. In Chilton valley, among 
Leptosperrrrwn scopariwn stands, living, open-grown (much~ranched) 
adult trees between 55 and 75 years old are widely separated from 
other mature trees and each has a cluster of young saplings 
around it (Cahill & Dawson 1969). Otherwise, margins such as 
that at Riversdale or at Cora Lynn have been trimmed back by fire, 
either before or after the European sheep graziers entered the 
area. 

No charred stumps are present now, but pitting of the ground 
surface indicates the former presence of forest at Riversdale. · 
The horizontal branches of the mature trees, and the youth of the 
oldest poles, are suggestive of a long period unfavourable to 
advance of the forest edge but there is no evidence that there 
has been any exceptional climatic causation for a halt in 
marginal development. In any case, slow development may be 
normal at the advancing forest edge. The outer row of each band 
of trees, as they reach maturity, sends out horizontal branches. 
The achievement of maturity by these trees appears to be a 
necessary pre-requisite for further advance, but several 
disparate age groups are often present among the marginal bands 
of young trees. 
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Fig. 16•2 Beech forest margin with valley grassland. 

1 Short tussock grassland. 

2 Strip of partially bare ground maintained, 
apparently, by root competition from mature trees. 

3 Marginal sapling stand. 

4 Marginal pole stand. 

5 Mature tree which developed (as shown by its 
branch system) at the forest margin. 

6 "Advance growth" - young plants in a suppressed state 
which persist in the forest for many years. 

7 Trees of the mature forest stand. 
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In the grassland there are severe limitations to beech 
seedling establishment. There is strong competition from the 
grasses, and in many years conditions are too cold in winter 
and spring and too hot and dry in summer for seedling survival. 
However, it seems that the root systems of adult trees compete 
successfully against the grasses, maintaining a band of rather· 
open moss-herb-dwarf shrub-covered soil just outside the forest. 
These strips, free of dense grassland, occur on both sunny and 
shady sides of forest stands and do not seem to be primarily due 
to shading. If there is a suc,cession of moist summer seasons 
and if there is not too much browsing by sheep and hares, or 
frost damage, another marginal band of seedlings develops. 
Partial protection and shading by the canopy trees may be 
important. If favourable conditions continue, the young trees 
grow through the sapling and pole stages to maturity. In the 
very hot, dry summers of 1972-73-74 it was noticeable that 
numbers of well-established, young, marginal trees and a few 
mature trees succumbed to drought. In the spring of 1976 
a severe frost killed nearly all of the emergent new shoot 
growth on saplings, poles and some adults along the Riversdale 
forest edge. Observations in and alongside an enclosure on 
Cass Hill, above the Field Station, show that, unless the forest 
edge is protected, sheep browse the young trees, often severely 
"hedging" or killing them. 

The relationship of beech seedling distribution and survival 
to the range of conditions prevailing at the forest edge is 
interesting. Some seediipgs germinate in the grassland but soon 
die. Those which germinate in the open ground just outside the 
forest have been discussed. In the dense thickets of saplings, 
seedlings germinate but soon die, in the pole stands only a few 
persist and in the mature forest there are often numerous 
seedlings and advance growth plants (Fig. 16•2). More 
experimentation is needed to discover the relative importance of 
shading, root competition and type of ground surface in causing 
these kinds of patterns. 

Where scrub communities are close to extensive forest stands 
the pattern of regeneration differs, as is evident on Waterfall 
Terrace or in Chilton Valley. Here the diverse scrub which 
developed after 1915 has many solitary young beech trees, or 
small groups of young trees, scattered through it. These have 
originated from wind-blown seed, some of which has been 
transported at least half a kilometre. Another indication of 
the importance of wind dispersal is the "tail" of saplings 
extending to the east of small clumps of trees. Scrub, 
especially Leptospermwn, apparently provides the necessary shelter 
and moist microclimate, while not shading beech seedlings too 
much, nor competing too severely with them. · 

It is believed by some ecologists that seed of Nothofagus spp. 
is not dispersed over long distances except by the agency of 
streams, but this is confounded by evidence from Cass and 
adjacent regions. N. fusca seedlings have been found in scrub in 
Chilton Valley, six kilometres distant from the nearest N. fusca 
trees at the Andrews River, across the Waimakariri. Winds 
regularly lift material to Cass from the N. fusca forests north 
of the Waimakariri, as is demonstrated by the almost invariable 
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presence of N. fusca leaves in the tussock grasslands near the 
Field Station at Cass. On two occasions twigs, bearing leaves, 
have been found ( and twigs of N. solanr:Jx.i are often found several 
kilometres from the nearest trees). On occasions, seed must be 
similarly transported. Pollen from red beech influences the. 
Cass N. solanr:Jx.i forests, also, for there are, in Sugarloaf Bush, 
Reservoir Bush and Middle Bush, a few mature, hybrid N. fusca x 
N. solandri trees. 

Other evidence for relatively long-distance dispersal of 
beech species is the presence in the Otira and Taramakau valleys 
in Westland of isolated, small, nuclear stands of both N. fusca 
and N. menziesii, distant several to many kilometres from more 
extensive forest containing these species. In places the 
saltatory migration is proceeding uphill and in numbers of other 
instances dispersal has occurred laterally across slopes, 
without the aid of streams. 

Forest at Timberline 

At the timberline, the forest margin with subalpine scrub 
and grassland, the stunted, gnarled nature of the trees indicates 
the adversity of the habitat. The form of the trees is 
influenced by the effects of snow avalanches, snow creep, snow 
break, snow blast, wind-break, trimming by winter desiccation 
and cicada oviposition damage, among other things. 

Snow avalanche is an important ecological hazard in the 
alpine zone and, in many places, avalanches, starting well above 
timberline, sweep down into the forest. In valley heads, where 
avalanche occurs annually, forest is usually missing and is 
replaced by low-growing scrub and herbaceous communities, or, 
if the slope is steep, by scree. Sharp trimlines occur at the 
margins of the avalanche-swept areas. Many swathes cut into the 
subalpine forest in the Craigieburn Range, Upper Cass Valley and 
Polar Range are paths of fairly frequent avalanches. The masses 
of falling snow, travelling at high speed, have the power to 
knock down mature trees and often a jumbled mass of tree stems 
lies in the runout zone. Damage to remaining trees takes the 
form of scarring, tilting or breakage of tops and branches. 
Some of the swathes• cut into forest are partially colonised by 
young beech trees. If the winter snow-pack is deep, avalanches 
may sweep down the avalanche path, damaging only those trees 
projecting above the snow. Where avalanches are infrequent 
the forest recovers but there are often marked age differences 
between damaged and undamaged forest. Conway (1977) has made a 
careful study of damage to N. solanr:Jx.i trees by avalanches, and 
T. McIntosh is studying the vegetation patterns of avalanche 
paths in the area. In places dense, low stands of relatively 
young, curved trees, lying downhill, appear to result from 
tilting by infrequent avalanches. This phenomenon of downhill 
curvature of the stem of trees near timberline is also common 
in places as a result of downhill creep of the winter snowpack. 

Wind damage and snow break cause irregularities in the 
form of many trees at timberline. In some instances a dense, 
low-growing thicket is maintained by a thin snow cover, above 
which projecting twigs have been killed by desiccation in winter 
(Wardle 1971) or blasted and killed by wind-driven particles of 
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snow. Some protection by winter snow is advantageous because it 
maintains a relatively even microclimate. In general, timberline 
is simply the upper limit beyond which the higher advance of the 
forest is not possible because microclimatic and other conditions 
prevent seedling establishment and growth. 

Timberline ascends on warm ridges and descends in cool 
gullies, indicating control, to some extent, by temperature. 
The gullies are sites where snow lies deep in winter and late 
in spring. They are also sites of cold air drainage from higher 
slopes and have cool, moist soils. Ridges are often favourably 
disposed to receive more radiation than surrounding slopes, 
especially in winter. They are warm, especially at ground level, 
have little wintEf snow cover and are usually well drained. 

Wardle (1971) carried out experiments in the Craigieburn 
Range which explain some of the causes of limitation of tree 
growth at timberline. If beech seed is placed in experimental 
situations, at various altitudes above timberline, it germinates 
later than in sites at or below timberline, the seedlings grow 
slowly and survival is poor. The same applies if seedlings are 
transplanted or shifted in pots to altitudes above timberline. 
Wardle believes that the curtailing of the length of growing 
season at the higher altitudes is the main limitation; 
N. solandri seedlings and saplings need a minimum period of about 
12 weeks for maturation of their leaves, shoots and resting buds. 
The latter are important because the spring growth flush consists 
of emergence of leaves and internodes laid down the summer before. 
The spring growth flush in seedlings and saplings starts early. 
Immature leaves and shoots are physiologically incapable of 
evading desiccation during cold periods so that, if there is an 
unseasonable frost in spring (temperature below -3°C) they are 
killed. The same is true in autumn and winter, if they have not 
undergone the full maturation process by the end of the growing 
season. The spring growth flush starts later in mature trees 
and is over in 4 - 5 weeks so cold damage to them is rare. 
Long-lying snow in shaded aspects has the effect of shortening 
the growing season, causing depression of the tree limits. 

Some other causes of limitation of upward advance of trees 
at timberline are competition from closed alpine vegetation, 
severe attacks by alpine grasshoppers, and lack of infection of 
beech seedlings by mycorrhizal fungi. 

Patterns of Regeneration Within the Forest and Tree Populations 

Regeneration of N. soZandri within the forest seems to be 
manifested in at least two ways. One is reflected by the patchy 
distribution of fairly discrete clumps of saplings and poles 
(Fig. 16•3). The other is shown by the more uniform and almost 
continuous distribution of the replacement stages, often forming 
a dense thicket of saplings and, ultimately, poles. The patchy 
distribution pattern may be related, reasonably closely, to the 
distribution of gaps caused by death of single trees or groups of 
mature trees, which may fall, or remain standing for some time. 
In the gaps dense groups of young saplings soon develop and, after 
severe self-thinning, in about 80-100 years the survivors pass 
through the pole stage and reach the canopy height. It remains 
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Fig. 16 • 3 Regeneration pattern within mature beech forest. 

1 Mature canopy trees 

2 "Advance growth". 

3 Dense sapling thicket which grew up when 
a canopy tree fell over. 

4 Pole stand which has passed through a thicket stage and 
where severe self-thinning has occurred. It developed 
in a gap caused by wind-throw of a group of trees. 
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to be demonstrated whether rapid growth is in response to 
improved light conditions or to lack of rO<?t competition, 
or a combination of the two. 

The second, more uniform manifestation of regeneration may 
arise from more subtle opening-up of the canopy by breakage of 
branches or death of mature trees caused by insect parasites. 
The uniformity is probably more apparent -than real, simply 
reflecting the more uniform distribution of conditions where 
competition is reduced and corresponding dense distribution of 
patches of saplings. This appears to be demonstrated by the 
frequencies of apparently uniform-aged advance growth and young 
saplings up to 50 cm high in 21 randomly-distributed 
1 m x 1 m quadra ts in forest at River sdale (Table 16E) . 

TABLE 16E: ADVANCE GROWTH AND YOUNG SAPLINGS IN21 RANDOM lm2 

QUADRATS AT RIVERSDALE 

Numbers of individuals per quadrat: Frequency:-

0-9 
1 

10-19 
3 

20-29 
0 

100-109 
0 

ll0-ll9 
1 

30-39 
2 

40-49 
5 

50-59 
1 

60-69 
I 

0 
70-79 

3 
80-89 

1 
90-99 

4 

A quadrat of two hectares was marked permanently in 
apparently uniform forest at Riversdale in August 1973 and 
studied by the third year ecology class, Botany Department, 
University of Canterbury (names listed at end of this article). 
All plants greater than 1 m high were counted in height classes 
1 - 3 m, 3-6 m and >6 m and in 5 cm diameter classes. The canopy 
was uniform at 18 m. 'l'he diameter classes were believed to be a 
crude approximation to age groups (diameters measured at 1.2 m). 

There were only five live plants in the 1-3 m height class 
and very few in the 50 cm - 1 m height class. Advance growth 
and young saplings <50 cm high, though present in variable 
densities locally, may be estimated at from 100,000 to 1 million 
per hectare. Fig. 16•4 shows the results of the counts of the 
taller saplings, poles and mature trees. The available data, 
based only on the counts, appear to demonstrate that at least 
three and possibly four periods of regeneration may be 
represented. One is represented by the vast number of young 
saplings below 50 cm in height. A gap in regeneration (the 1-3m 
height class) is then followed by the large number of young poles 
in the 5-15 cm diameter group, recognized by their smooth stems, 
not much covered by epiphytic cryptogams. A third, well-stocked 
group (not sharply separated from the previous one) is represented 
by poles and canopy trees 10-25 cm in diameter and a fourth by 
old, mature canopy trees 25-65 cm in diameter. 

Ages of 10 trees each from the groups of 10-15 cm and 
25-30 cm diameter were as shown in Table 16F. 
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'l'ABLl~ LG I•': AGES OF 'l'REF:s l•'ROM 'l'Wll l llAMl':'.rlm CLASSl•:s A'l' RIVF.RSDAL[i: 

(Ages in 1973) 

Diameters 10-15 cm Diameters 25-30 cm 
Tree Age (yr) •rree Age (yr) 

l ca 79 11 106 
2 ca 81 12 ca 120 
3 89 13 97+ 
4 ca 95 14 121+ 
5 103 15 158 
6 ca 107 16 ca 173 
7 117 17 ca 174 
8 ca 119 18 ca 193 
9 124 19 ca 196 

10 155 20 208+ 

Some ages approximate because core was not directly to centre of 
tree and several years had to be added to estimate the total ages. 
There is unlikely to be error (underestimate) of more than 5 years. 
Some ages not complete because growth layers were indecipherable in 
decayed tree centres. 

This seems to show either that the mature tree population is 
drawn from at least five different age groups, possibly more, or 
that there is steady recruitment of trees to the population. 
There are insufficient data to draw firm conclusions about this 
or about the relationship of any of the age groups to periodic 
phenomena as discussed below. It is clear that diameter classes 

· provide only a rough approximation to age groups and the overlap 
of ages between the classes is striking, although the trees of 
greatest age have large diameters. More work on population age 
structure is required. 

The relatively regular falling of trees causes the ground 
surface on flat and gently-sloping sites in the forest to be 
covered with a patchwork of small hollows and hummocks resulting 
from the process shown in Fig. 16•5. In the two hectare quadrat, 
in uniform, mature forest at Riversdale there were 375 old pits, 
with smooth outlines; 46 of medium age (with fresh soil and 
stones exposed, not or only partially overgrown by moss or beech 
advance growth and young saplings); and 13 fresh pits with the 
soil still attached to the root disc of the fallen trees. Not 
all fallen trees form pits and mounds. This depends on the state 
of decay of the root system before the trees fell. The hummock 
of upturned soil contrasts with the thick litter and moss layer 
normally present on the forest floor. The process apparently 
causes some soil rejuvenation and the hummocks are usually well
colonised by seedlings. Seedling development is inhibited to 
some extent where thick moss and litter are present. In humid 
sites, where seedling establishment in litter and moss is even 
more difficult, rotting logs are commonly colonised by young 
beech trees. 

Pitting is less apparent on slopes of more than about 25° 
where surface irregularities, which are present in the standing 
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forest as a result of soil creep, causing build-up of soil above 
each tree base, are smoothed out again by soil creep after fallen 
trees decay. 

The quadrat study was done soon after an exceptional snow
storm (5th August, 1973) and it was evident that many large 
branches had been broken down and a few tree-stems snapped by the 
fall. These were counted (Table 16G) as were the numbers of old, 
partially-rotted branches. An examination of the canopy showed 
that, of the 557 trees of diameter >25 cm, in the two hectare 
quadrat, 433 (78%) had broken crowns similar to those shown in 
Fig. 16•6. It was evident that the breaks had occurred some 
time previously. Thus there had been one or more earlier 
episodes of breakage, after which many new leading branches had 
grown to fill canopy gaps. This could be seen from the straight, 
clean stems of the new branches. It is clear that these new 
branches were weak where the limb left the main stem because many 
had snapped there in the 1973 storm. Ages of five of them 
(in 1973) were between 84 and 94 yrs so it was assumed that most, 
if not all of the regrowth had resulted from one or more heavy 
snowstorms between 1879 and 1889. Exceptional snowstorms occurred 
in the Canterbury high country in 1878, 79, 87, 88, 89 (Burrows 
1976), and J.D. Enys of Castle Hill recorded heavy snowfalls in 
the area on October 14th, 1886 and August 4th, 1887 (Richards 
1951). 

Damage to the Riversdale beech forest caused by the 1973 
snowfall was minor, compared with that which occurred in the 
Canterbury foothills between Mt. Grey and Mt. Somers. There 
the destruction paralleled that which must have occurred at 
Riversdale in the late 1870s or 1880s. Despite damage to mature 
trees by such a storm the breakage, by allowing more light 
penetration, will permit a resurgence of beech regeneration. In 
any case some of the damaged trees survive. 

Some of the pole and canopy trees in the 10 - 15 cm diameter 
range in the Riversdale forest stand, thus, may have grown up in 
response to the opening up of the canopy by one or more snow
storms in the 1880s. No similar correlations are obvious for the 
younger groups of regenerating trees although they might relate 
to later snowstorms in the 1920s, 30s and 40s. A snowstorm in 
1939 caused forest damage (D. McLeod, pers. comm.). Other 
possible causes are severe wind-breakage or fatal attacks by 
Nascioides enysii (a cambium-eating beetle larva), Platypus sp. or 
Proteodes carnifex, a beetle which introduces fungal rots and a 
defoliating moth larva, respectively. 

It may be seen from this that the Nothofagus sofo:ndri life 
history pattern lends itself to replacement by a group-even aged 
system which operates when there is sufficient mortality of old 
trees or, at least, opening-up of the canopy. Gaps in 
regeneration occur because of suppression of young plants under 
a dense forest canopy (Fig. 16•6). Even-aged groups appear, 
however, to be less evident among trees older than about 100 
years. 

In pooled data from 49 one-tenth acre plots from various 
parts of the South Island, Wardle (1970d) found, in the lowest 
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Root Mou and So, I 

Pit and Mound 

Pit and mound topography caused when trees fall over. 

Breakage of tree crowns followed by regrowth of leading 
branches, after one or more heavy snowfalls 85-95 years 
ago. 
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TABLE 16G: FALLEN LOGS IN A 'IWO HECTARE QUADRAT, RIVERSDALE 

A. Numbers of freshly-fallen branches on ground, broken by recent heavy 
snowfall (8 large branches were still suspended in trees and 
5 whole trees had fallen recently). 

Diam. of branches 
at· base ( cm) 

< 3 
3 - 7 

< 7 

No. of branches 

365 
293 
51 

Nos. in sizes above 7 cm diameter 

Diam. (cm) 8 

No. of branches 22 

9 10 11 12 13 14 15 16 17 18 20 21 28 

6 3 3 3 2 1 2 3 2 1 1 1 1 

B. Numbers of older logs on ground >10 cm diameter and >2m long 

"Partially rotted" (ranging from those only slightly 
decayed to those well decayed 
but lying above general ground 
level) 

"Well rotted" (almost sunk into the forest floor, 
form disintegrating, with covering 
of moss, beech seedlings. Some were 
probably oscured and not recorded) 

Groups of logs forming large canopy gaps (one fairly recent, 
one very old) 

No. 

367 

58 

9 
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diameter class (1.2 - 6.2 cm), about 60% fewer stems per unit 
area than is to be expected if a balanced mixed-age-group 
population is present. He attributed the gap to browsing by 
introduced mammals, since he believes the trees in the 
1.2 - 6.2 cm class would represent saplings of 55-60 years before, 
when deer and other browsing animals were becoming established in 
the forests (Red deer were first brought to the Cass area in 
1909). Such a gap is present at Riversdale and the same 
explanation might be invoked, with an upsurge of advance growth 
and young saplings in response to much decreased numbers of deer 
due to hunting pressure in the last two decades. However, many 
of the individuals in the <6 cm diameter class are younger than 
55-60 years and the other data relevant to population age groups 
supports control of the regeneration pattern by other factors, 
as suggested above. 

Thus, although browsing by deer undoubtedly inhibits beech 
regeneration, there is good evidence that the natural systems of 
behaviour of the trees (periodic heavy seed production and shade 
tolerance of advance-growth plants, interacting with occasional . 
disturbance by environmental hazards, which releases young plants, 
from competition) are mainly involved with the regeneration ~W 
patterns ins0far as they concern the younger age groups 
(Fig. 16•3). 

Exceptional windstorms are a potent cause of canopy 
breakage. Much such breakage and some extensive areas of wind
thrown forest, has been brought about in the Cass area in the 
last deca.de. The Wahine cyclone of April 1968 and strong north
west winds before and after this, caused much of the damage. 
The damage is most evident in some places near the timberline. 
The forests of the upper Cass Valley, Polar Range and Mt. Brown 
ridge suffered severely. Some older, wind-thrown patches are 
evident from piles of fallen logs, mainly aligned in one 
direction, and, in some places, the dense stands of saplings or 
pole trees present. · · 

Breakage of major branches and other injuries, some 
attributable to insect attacks, are probably important in 
initiating or hastening the process of senescence in beech trees. 
Rots can often be seen to have spread into the heart of a tree 
from a break. Of 26 mature trees 30-35 cm in diameter at 
Riversdale, cored for ages, 12 had badly rotted hearts and 9 
others were slightly rotted. Five gushed water from the core 
hole, showing that the rot extended to the top of the trees. 
The frequent presence of such morbidity must lead to the 
relatively short maximum life of N. solandri in this area. 
The greatest age of trees so far observed is 230 years. Wardle 
(1963) notes that about 300 years is normally the maximum age 
for N. solandri, but Wardle ( 1970d) records occasional trees up 
to 360 years old. 

Damage to the Cass forests by fire is described in Section 
11 and also by Dick (1956) and Burrows (1960). It is evident 
that much of the area suffered fire during the Polynesian 
occupation and that mature forest regenerated on burnt-over 
sites. The experience of the last 120 years shows that forest 
regeneration on some burned sites in the area was almost 
immediate, presumably because heavy seed years followed the fires. 

-
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Dense stands of poles and young, mature trees occupy some sites 
burned about 50 to 100 years ago. In many places, however, 
forest failed to regenerate but this is most evident on the 
drier aspects and least fertile soils. In places, repeated 
burning has inhibited forest regeneration. 

Population Structure and Basal Areas 

Wardle ( 1970d) states that most of the pure N. sola:ndr>i 
forests are composed of mosaics of single-aged, two-aged, or 
sometimes three-aged unit stands and are seldom truly mixed-aged. 
He implies that the unit stands are more or less discrete and 
may be large - in the vicinity of several hectares. The 
Riversdale data seem to show that the picture is more complex. 
Including the youngest group (advance growth and young saplings) 
at Riversdale, there are at least four and possibly more age 
groups present, but the validity of this must await more careful 
age :iJ2alysis. The age-groupings may be more apparent than real, 
espS~ally in the larger diameter classes. A careful study of 
the patchiness of distribution of relatively even-aged groups is 
also needed. Observations at Riversdale seem to suggest that 
several degrees of patchiness are present. There is a small
scale mosaic, the units of which cover only a few square metres 
and are detectable only when plants are at the young sapling 
stage, a larger one, detectable in tall saplings and poles; and 
a larger one stillr occupying half a hectare or more. 

In forests similar to those at Cass, Wardle (1970d), using 
data from one-tenth acre plots, found that closed stands of 
N. solandr'l had a fairly constant total basal area of 249 sq. ft. 
per acre (equivalent to 57.16 sq. m per hectare), although the 
number of stems varied considerably from plot to plot. In the 
Riversdale quadrat, the approximate total basal area of live 
trees over 1 m high (Table 16H) was 36.85 sq. m per hectare, 
based on the middle values for each diameter class. Allowing 
for counting error and systematic error, arising from failure 
to use the precise diameter of each tree, this still seems to be 
a large discrepancy compared with Wardle's results. Perhaps the 
differences could arise also from the use of different quadrat 
sizes. The basal area per unit area relationship needs more 
testing, especially with regard to differences in site quality 
and its relation with total tree biomass and age of the stand. 
Intuitively it would seem that tree biomass should vary according 
to the fertility of the soil, but this should not necessarily 
invariably be reflected in the basal area which depends on width 
of stems and density of spacing of the trees. An old, tall stand 
on a good site could have greater biomass but smaller basal area 
than a short stand of the same age, or a younger standr on a poorer 
site. 

In the dense stands of saplings and young poles which are 
present at forest margins and in places within the forest, the 
spacing of the individuals is often very close. Densities have 
been observed of 50 per square metre ( saplings up to 1 . 5 m high) 
and 15-20 (3-5 dead) in 25 m2 (poles). In some instances, two 
individuals grow so close together that stem grafting occurs. 
It is not known whether such grafts persist in mature trees. 
Few of the canopy trees have more than one clean stem. 
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TABLE 16H: APPROXIMATE "BASAL" AREAS IN m2 IN A MOUNTAIN BEECH STAND AT 
RIVERSDALE (Based on Central Values for the Diameter Classes) 

Total B.A. in height range 1-6 m 

Live 
Dead 

0.59 
0.96 

Total B .A. in height range > 6 m 
Diameter classes Diameter classes 

O - 4.9 to 25 - 29.9 cm >29.9 cm 

Live 
Dead 

15. 25 
1.50 

Grand Total 

Live 36 .85 
Dead 6 .50 

21.00 
4.04 

We know more about the ecology of N. solandri than about many 
other native New Zealand trees, but there is cl~arly more to be 
learnt and it is to be hoped that studies at Cass will continue 
to contribute to the pool of knowledge. 

'Ecology Class, Botany Stage III, 1973 

The student class which assisted with the collection of data 
from the Riversdale two hectare quadrat included Yvonne Archer, 
Margaret Armon, Terry Broad, Bruce Conway, Hillary Drake, 
Chris Hoar, Sam Meldrum, Colleen Moore, Ow Eng Earn, Janet Wain, 
David Gaynor, Gerry Mcsweeney and Neil Thomson. Dr Andrew Dobson 
was also involved with the exercise. 

ARNOLD, B.C. 1959. MB. 

1960. MB. 

BURROWS, C.J. 1960. MB. 
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17. MIRE VEGETATION 

A.T. Dobson 

Mires or wetlands are characterised by more or less permanent 
waterlogging of the soil, the water-table lying above, at, or just 
below the ground surface. l\s a result of waterlogging such soils 
are deficient in oxygen which plants require for respiration. 
Oxygen may diffuse into a waterlogged soil from the atmosphere 
but rarely more than a centimetre or two below the surface before 
it is utilised by micro-organisms. Below this surface layer 
the soil is anaerobic. The specialized plants living in these 
anaerobic soils have air spaces in their roots and leaf tissues. 
Oxygen diffuses through the internal air spaces to the growing 
root tips and may diffuse from the roots into the surrounding 
soil, producing a narrow zone of aerated soil around each root. 

Microbial activity is greatly reduced in many waterlogged 
soils because of oxygen deficiency. As a result organic matter 
breaks down only slowly and accumulates as peat and plant 
nutrients become locked up. Hence waterlogged soils are often 
deficient in nutrients and oxygen and are acid as a result of an 
accumulation of organic and mineral acids. In very acid soils 
some nutrients become unavailable, e.g. phosphate, while other 
poisonous ions may come into solution, e.g. aluminium. 

The harmful effects may be ameliorated if the soil water is 
flowing. At flow rates greater than 4 mm/sec the water becomes 
agitated and oxygenated water is taken to lower depths in the 
soil. The greater the flow rate becomes, the greater is the 
aeration of the soil. In stagnant wat~r nutrient uptake by roots 
is dependent on the rate of diffusion of nutrient ions to the 
root surface. Increasing water movement increases the rate at 
which nutrients arrive at the root surfaces thereby increasing 
fertility. Fertility is also influenced by the absolute nutrient 
level of the water. Frequently it will be noticed that mire 
systems have channels of moving water and the vegetation along 
these channels is conspicuously different from the surrounding 
stagnant areas. 

Other factors influencing the mire vegetation are the degree 
to which the water level fluctuates and the mean depth of the 
water-table. Some mire types are characterised by considerable 
quantities of free wate_r above the soil surface, others have 
sodden peat forming a semi-solid surface, still others have a 
fluctuating water-table and partly organic, partly mineral gleyed 
soil. 

Mire Types of the Cass District and Their Ecology 

The mires of the Cass area may be divided into several types 
depending on their plant species composition. The distribution 
of the more extensive areas is shown in Fig. 12•1. The main 
types are: 
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1. Typha (raupo or reedmace) dominated. 

2. Phormium - CaPex (flax-sedge) dominated. 

3. Carex dominated. 

4. Schoenus dominated with or without Carex. 

5. Chionochloa rubra (red tussock) dominated. 

6 • Sphagnum dominated . 

7. Donatia - OreoboZus (cushion plant) dominated. 

Other minor vegetation types will be mentioned later. 

This list is in order of a generalised gradient from fertile 
to infertile conditions. It is also in order of a gradient from 
flowing to stagnant water .. The first three types are generally 
characterised by the presence of surface water while the last three 
generally have the water table at or below the surface of the peat. 
However, the relationships between the different types is by no 
means a straightforward one. Fig. 17•1 illustrates the relation
ships between some of the main species and the measures of acidity 
(pH) and conductivity. Conductivity is a very generalised measure 
of the ionic levels in the water from a site. Higher conductivity 
levels probably reflect higher fertility levels although 
conductivity takes no account of the influence of water movement. 
The lines enclose the main areas of distribution of the principal 
species or species groups in relation to acidity and conductivity. 
Minor occurrences may occur outside these limits. It will be 
noticed that there is considerable overlap in the ranges of many 
species but the general trends are evident. The restriction of 
Phormium tenax to a very narrow acidity range is remarkable .. 

Typha mire is restricted to wet places on the flat floor of the 
Cass basin. It is extensive along the margifr of Lake Sarah and to 
a lesser extent, Lakes Grasmere, Pearson and Hawdon. It also forms 
an extensive community along the Grasmere stream between Lake Sarah 
and the Field Station, known as the Remus Swamp. There are minor, 
stunted areas of Typha elsewhere, e.g. Horrible Bog, and in these 
areas it is evidently approaching extinction as the conditions 
become increasingly unsuitable. The most vigorous Typha areas occur 
in the deeper water and in the Remus Swamp these are along the main 
stream channel where water movement is greatest. At its most 
vigorous Typha is present as an almost pure community and nearly 
3m tall al though the erect leaves of Typha by no means cover all the 
available ground. A dense litter of previous year's leaves 
suppresses any other species. In less vigorous stands of Typha 
there may be some species of Carex present ( C. secta, C. diandra 
C. coriacea) as well as isolated plants of Phormium tenax (New Zealand 
flax). As conditions become unsuitable towards the margins of the 
Typha mires the shoots become sparser and are stunted, with few 
leaves per shoot. In some places at lake margins Typha colonises 
so~id ground to a depth of about 2m in the lake. In other places 
it forms a floating raft of rhizomes and dead leaves which extends 
out into deep water. Such a raft is p~esent at the west end of 
Lake Sarah. The soft, yellow, muck peat in Remus swamp shows that 
here a shallow lake was colonised and almost completely infilled in 
this way. Only the deep Sarah Hole remains uncolonized. 
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There have been considerable changes in the distribution of 
Typha in the Remus Swamp. Percival (1958) described the changes 
following the diversion of the Grasmere Stream for a small hydro
electric development as follows: 

"It is uncertain to what extent this diversion has 
affected the character of the latter (Grasmere) stream. 
Earlier, it flowed along the foot of the large fan at 
the base of Sugarloaf, supplying the extensive raupo 
swamp to the south of the station. About 1952, it was 
obvious that the swamp had spread considerably north
wards and was likely to cut access to the laboratory. 
About 1930 0 I walked from the south-east corner of the 
railway station enclosure to the pool in the middle of 
the swamp over sedges. Now, the area is covered with 
raupo. 

There has been considerable accumulation of silt 
in the vicinity of the railway station, providing a 
satisfactory bed for the growth of raupo and of water
cress. Where the silt has come from is not clear, 
whether from Sugarloaf or from the. diversion to the 
electric generator. Along with the extension of the 
raupo swamp is the alteration in the stream course 
away from the foot of the fan towards the railway." 

More recently there has been a great increase in Typha in the 
Grasmere stream near the sewer outfall from the hut. Both the 
influence of sewage (now no longer being discharged) and partial 
damming of the stream by growth of a shingle fan from the gully 
below Reservoir Bush may have influenced this increase. In 1915 
there was no Typha present, in 1960 it was present but Phormiwn 
was important but since 1970 Typ~ has dominated the area. 

Also around Lakes Sarah, Grasmere and Rawdon, and the Grasmere 
Stream are areas in which Phormiwn tenax is a conspicuous feature. 
The Og Swamp near the Waimakariri River contains a similar 
community. Like Typha, Phormiwn tenax prefers to have its base 
submerged although it will also grow above the water table. At 
Cass it is found only in these very wet areas and over a limited 
range of acidity, although it will certainly grow in other habitats 
at lower altitudes elsewhere. Such restrictions are not uncommon 
in species approaching the limits of their environmental tolerance. 
In this case P. tenax is near to its upper al ti tudinal limit. 
P. tenax plants usually consist of clumps of several stout fans of 
leaves to 3m tall but there are often substantial areas between the 
plants. The plants occupying these areas are usually sedges and 
hummocks of Carex secta may be conspicuous. Other commonly 
occurring sedges are Carex coriacea., C. dia:nd1"a., C. sincZairii 
EZeocharis acuta. Rushes ( Juncus articuZatus and J. gregifZorus) and 
water-cress (Nastu.rtiwn) are often conspicuous. Among the smaller 
plants, Ho Zeus Zanatus and Myosotis caespitosa are common. The 
water table may fluctuate in these Phormiwn mires and a 20 cm fall 
has been noted in as many days in Og Swamp, during which time 43 mm· 
rain was recorded at the Field Station. In a few areas, with 
apparently less constant water-table, Phormiwn is absent and the 
dominant plant is Car>ex secta. The hummocks of this sedge 
consisting of a pedestal of old dead roots and rhizomes, interlaced 
with living roots and surmounted by a large tuft of lec1,ves, form a 
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The distribution of the principal mire species and 
species-groups in the Cass area in relation to pH and 
conductivity values (in micromhos/cm, corrected for pH). 
Each triangle is the mean of two samples from each site. 

a. Cushion mire vegetation at Lagoon Saddle. Detailed 
distribution of sample points from Lagoon Saddle not shown 
(refer to Dobson 1975). b. Sphagnum cristatum. 
c. Gonocarpus micranthus, Eleocharis gracilis. 
d. Schoenus pauciflorus (also occurs at Lagoon Saddle on 
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some poorer sites). Juncus articulatus and Breutelia pendula 
have a similar distribution but are absent from some peripheral 
sites. e. Carex sinclairii. f. C. diandra. g. Phormium 
tenax. h. Typha orientalis. 



drier microhabi tat within the swamp and often support Coprosma 
propinqua shrubs, Blecrmum ferns and several grasses such as 
Hierochloe redolens an,d introduced pasture species. However, 
C. secta stands are best developed in open water especially at 
the west margins of Lakes Grasmere and Hawdon. The hummocks are 
nearly 1. 5 m tall. Presumably they became established when the 
water levels were lower and the growth of the pedestal kept pace 
with a subsequent rise in water level. 

The most extensive areas of mire vegetation in the Cass Basin 
are dominated by Schoenus paucifforus, a rush-like sedge. Although 
most extensive on the flat floor of the Basin it also occurs in 
flushed ground on slopes extending to subalpine and alpine 
altitudes. The dominance of Schoenus in this vegetation is often 
exaggerated by the persistence of the previous years' stems. 
These dead stems remain standing and give the vegetation a 
characteristic pale grey colour which contrasts with the straw 
colour of the fescue tussock grasslands. Otherwise there is a 
reddish-brown tinge imparted by the living leaves. There is often 
a rich flora of small herbs such as Viola cunninghamii, Mentha 
cunninghamii, Mimulus moschatus, Myosotis caespitosa, Cerastium fontanum, 
Celmisia gracilenta, Hyd:t>ocotyle tripartita, Linum catharticum, Blechnum 
penna-mar-ina and pasture grasses. Associated with the Schoenus are 
Carex sincZairii or C, diand:t>a (these two rarely occurring together) , 
Juncus articuZatus and the moss, BreuteUa penduZa. BreuteUa is very 
characteristic of Schoenus mires at Cass and at times is abundant, 
forming a semi-continuous ground layer. Occasionally any one of 
the other three monocotyledons will become dominant and displace 
Schoenus. Carex diandra does this in the wetter sites which are 
transitional to Typha mire. There are several C, diandra stands 
marginal to the Remus Swamp. Carex sinclairii dominance usually 
represents a transition to less fertile conditions and may be 
associated with the occurrence of isolated hummocks of Sphagnum 
cristatum. Sites occupied by C. sinclairii have lower conductivity 
values than those where C. diandra occurs (Fig. 17 • 1) . Juncus 
articulatus dominance appears to be associated with site disturbance. 

The vigour and stature of Schoenus is clearly influenced by 
site quality. It is most vigorous on sloping sites with moving 
water and in some areas beside lakes where it has a tussock form, 
and these give higher conductivity values. On more infertile sites 
the plant becomes stunted and sparse and in these areas there may 
be invasion by Sphagnum cristatum. This invasion is most noticeable 
on Waterfall Terrace. Water table in the Schoenus mires is usually 
at or below the soil surface. During drought summers the water 
table may fall well below the surface although the surface peat 
remains moist. Once Sphagnum cristatum achieves dominance there is 
probably a rapid transition to the next type of community 
accompanied by elimination of Schoenus and increasing acidity. 

Al though Sphagnum is sea ttered widely through the Schoenus 
mires, Sphagnum - dominated vegetation is of restricted occurrence 
at Cass. It occurs at Kettlehole bog, two mires on Woolshed Hill, 
and several areas at Lagoon Saddle. The Sphagnum mires are 
characterised by strong acidity and low conductivity values, 
indicating very low fertility. The Kettlehole bog is dominated 
by three mosses: Sphagnum cristatum~ S. falcatulum and Polytrichum comm7;i.ri,e. 
S. cristatum forms low mounds while S, falcatulum occurs in shallow 
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pools. The present abundance of Polytrichum is due to a series of 
drought summers which caused the death of much Sphagnum. At the 

'time of writing it appears that wetter conditions have returned 
and the Sphagnum is re-establishing vigorously. The Woolshed Hill 
mires have considerable numbers of shrubs especially at the 
margins. The absence of shrubs on the Kettlehole mire is probably 
due to fires over several centuries. In addition to the mosses, 
Drosera arcturi and several sedges occur on these mires. Schoenus, 
Carex sincfoirii and, particularly on the upper mire at Woolshed 
Hill, Oreobolus strictus are common. 

It is perhaps stretching a point to include cushion mires in 
the Cass area but visitors are likely to see these mires at 
Arthurs Pass and they are included for completeness. The nearest 
cushion mires are at Lagoon Saddle, about 13 km west of the Cass 
settlement, and this site has been studied in detail (Dobson 1975). 
Cushion mires are characteristic of high rainfall areas, occurring 
mostly in the upper montane and subalpine zone. Like Sphagnum 
mires, their lower altitude equivalent, they are very infertile. 
There is a considerable overlap in altitudinal range of the two 
mire types. However, usually a particular mire is either a 
cushion mire or a Sphagnum mire. Lagoon Saddle is unusual in that 
there is a rich, varied mire flora and a complex mosaic of 
vegetation types present: cushion plant dominated, Sphagnum
Caforophus dominated, Carpha-Schoenus dominated, and Chionochfoa rubra 
dominated. At Lagoon Saddle it is noticeable that Sphagnum cristatum 
prefers more sheltered situations and perhaps the wire rush, 
CaZorophus minor, provides necessary shelter. In exposed areas 
Sphagnum is not vigorous and the cushion plants predominate. The 
cushion plants have very short, small, crowded sterns and leaves 
forming a tight, firm cushion. Their growth is evidently slower 
than that of Sphagnum. They usually form a shallow peat about one 
metre deep whereas Sphagnum may form deep peats. At Lagoon Saddle 
the main cushion plants are Oreobolus pectinatus, Donatia novae-zelandiae" 
Gaimardia setacea and Centrolepis ciliata. Gleichenia circinata and 
Dacrydium foxifoUum are present also, along with a range of rather 
rare mosses and the northernmost known occurrence of the small bog 
rush Rostkovia mageUanica. The bog area has been made a special 
reserve area within the State Forest. In the higher rainfall 
sites at Arthurs Pass other cushion plants occur: Mitrasacme 
novae-zelandiae, PhyUachne coZensoi and OreoboZus strictus and 0. impar. 
Among the cushions various sedges, grasses and rushes occur but 
are mostly sparse. Insectivorous plants Drosera arcturi and 
Utricularia monanthos occur. On the drier cushions, in particular, 
there may be several dwarf shrubs occurring, principally Cyathodes 
pumiZa, Pentachondra pumifo and Dacrydiwn ZaxifoUum, Of the cushion 
plants Oreobolus pectinatus occurs in the widest range of habitats 
while Gaimardia and CentroZepis have a preference for wetter areas. 
The remaining cushion plants prefer drier peat above the water 
table and Donatia often forms well-marked mounds, .individual 
cushions being a metre or more across. At Lagoon Saddle there is 
a marked positive correlation between increasing Carpha alpina 
abundance and increasing slope. Increasing slope results in 
increasing water flow and hence increasing nutrient flux and 
aeration of the peat. However, the absolute nutrient level of the 
Carpha - Schoenus communities as indicated by conductivity values is 
the same as the cushion plant and Sphagnum - Caforophus areas. All 
three are extremely low in electrolytes. 
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Chionochloa rubra (red tussock) mires are absent from the floor 
of the Cass basin although scattered tussocks of this species are 
present. Red tussock is abundant on the lower mire of Woolshed 
Hill, at Lagoon Saddle and, very abundantly, in a mire in the 
upper Andrews River valley, in the swampy areas along Slovens 
Creek, near Craigieburn Station and on a cold, damp site at the 
base of Mt Cheeseman in the Craigieburn Range. Chionochloa rubra 
is often found on sites where the water table falls well below the 
surface for at least part of the year and usually on acid soils 
(peats or mineral soil). At Lagoon Saddle it occurs as a marginal 
fringe to the other mire types, is dominant in some places and 
there are scattered, stunted individuals over the rest of the mire. 
In Slovens Creek it occupies gleyed mineral soils on the Poulter 
outwash plain, where groundwater emerges above the surface. Its 
presence there may be correlated with the sediments of the 
pro-glacial lake present here in late Poulter times. 

Both cushion mires and Sphagnwn mires may have pool systems. 
They may be well marked and quite deep, asat Lagoon Saddle, or 
shallow depressions with Sphagnum fafoatulum, as at Kettlehole Bog. 
The origin and persistence of the deep type of pools, as found at 
Lagoon Saddle, is not clear. Once formed the pools are not 
appreciably colonised by plants perhaps because there are 
insufficient nutrients to support plant life. Some pools at 
Lagoon Saddle have clearly been present for a long time, perhaps 
since the mire was initiated. Some are now several metres deep. 
At Lagoon Saddle the water in the pools is retained by 
Sphagnwn - Calorophus peat. It is noticeable that water movement 
through this peat is very slow, whereas movement through cushion 
plant or sedge peats is rapid. Where these other plants occur, 
major pool systems are absent, although small watery depressions 
occur. Fig. 17•2 illustrates the interrelationships of the mire 
plants. 

Vegetation of Streams and Lakes 

The vegetation along the stable Grasmere stream contains 
several species which are typical of the more fertile swamps. 
Clumps of Phormiwn and many sedges are typical of the stream banks 
and, where there has been damage through trampling and grazing, 
Juncus articulatus!J Glyceria and Nasturtiwn are common. These three 
often extend into the main stream where they are permanently 
submerged and mostly sterile. On other stable, sluggish streams 
which drain the river flats Nasturtiwn often becomes very abundant, 
completely covering the water. In this situation Mimulus guttatus 
sometimes occurs. Where areas of still, open water occur 
CaUitriche and MyriophyUwn are present and Lemna minor and AzoUa rubra 
may be found floating on the surface. However, in the fast
flowing water the vegetation is mostly submerged, MyriophyUwn., 
Ranunculus fluitans, Elodea canadensis and Potamogeton cheesemanii being 
the characteristic plants. The last two will tolerate conditions 
where there is less water movement and they also occur in the 
deeper waters of the lakes. 

Along the streams ides areas of Carex coriacea occur. 
C. coriacea establishes on flood-deposited areas of gravel or silt 
and sometimes it rapidly builds up a shallow peat layer. Although 
C. coriacea does not form a close cover other species are virtually 
excluded from these areas. The short rhizomes and tough leaves of 
this species are well-suited to resisting flood erosion. There is 
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a transition zone between this vegetation and the surrounding 
grassland. In this zone C. coriacea diminishes in vigour while 
Potenti Ua anserinioides is characteristically present. 

In the shallow water near lake margins, where there is a 
stony or sandy bottom, the vegetation is distinctive. If the lake 
bottom is very stony, macrophytes are almost absent. Elsewhere. a 
community of very low-growing plants occur. Commonly occurring 
are Isoetes, Glossostigma, PiZuZaria, Lifoeopsis and NiteUa hyaUna. At 
the margin of the lakes where there is periodic flooding, carpets 
of GZossostigma, LiZaeopsis, PiZuZar>ia, HydrocotyZe tr>ipartita, PY'atia 
anguZata, RanuncuZus gZabrifoUus and EZeocharis acuta occur. Where the 
soil is more peaty, HydrocotyZe tr>ipartita, EZeocharis acuta and Juncus 
buZbosus are the characteristic plants. 

Vegetation of Intermittently-Flooded Depressions 

A characteristic feature of many·intermontane basins of the 
eastern South Island is the presence of kettlehole depressions 
formed in glacial till. These depressions are usually flooded 
periodically, especially during winter. The flora of the 
depressions is quite distinct and is often extremely rich in small 
herbs, forming a short sward. 

Kettlehole depressions are not particularly common at Cass 
although they are more numerous on the Blackwater Plateau at 
Craigieburn and among the Mounds of Misery between the Esk and 
Cox Rivers. One good example, Kettlehole tarn, does occur near 
the Kettlehole bog and this has been studied by Gilpin (1963). 
Four main zones of vegetation were observed by Gilpin and these 
zones were related to longevity and depth of flooding. The 
outermost and least-flooded zone was characterised by Agrostis 
tenuis, Anthoxanthum odoratum, PoZytrichum commune, Gonocar>pus micranthus, 
Dichondra brevifoUa, EpiZobium aZsinoides ssp. tenuipes, Stackhousia minima 
and Nertera baZfouriana. Lower down was a zone occupied by 
Lachnagrostis fiZiformis var. semigZabra, GaZium perpusiZZum, Agrostis 
stoZonifera, Carex gaudichaudiana, Juncus articuZatus and Viola cunninghamii. 
The next zone was dominated by EZeocharis acuta with a zone of 
Hydr>ocotyZe tr>ipartita overlapping the boundary between the 
EZeocharis zone and the previous one. The lowest part of the 
depression remained flooded for much of the growing season and 
was dominated by MyriophyUum propinquum. A large number of other 
species were present, mostly in the two outer zones, but were rare 
or not characteristic of a particular zone. Some species (CenteUa 
unif?,ora, Agrostis muscosa and GratioZa nana) have their only known 
records in the Cass district at this tarn. It was very noticeable 
that floristic diversity decreased with increasing flooding. A 
characteristic feature of such tarns, however, is that they dry 
out completely from time to time. 

The soils of the kettlehole tarn depressions are mineral 
rather than peaty. A typical profile obtained by Gilpin (1963) is: 

0 - 6 cm 
6 - 8 cm 
8 - 15 cm 

15 - 42 cm 
42 cm+ 

Brown-black silty clay loam 
Charcoal layer 
Grey silty clay loam with stones 
Gleyed clay loam 
On compact glacial till 
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Phormium tenax 
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P> 0·05 
P > 0·01 
P ~ 0·001 

Constellation diagram showing the relationships between 
the principal species of the mires of the Cass Basin. 
Significant positive associations are based on Chi-square 
values obtained from presence/absence data. 

Ao Anthoxanthum odoratwn, At Agrostis tenuis, Bl Bryum laevis, 
Bp Breutelia pendula, Cc Carex coriacea, Cd C. diandra, 
Ce C. echinata, Cf C. flaviformis, Cg C. gaudichaudiana, 
Cs C. secta, Csi C. sinclairii, Cl Celmisia gracilenta, 
Cp Coprosma propinqua, Da IJr,osera arcturi, Db Dicranoloma 
billardieri, Df Drepanocladus fluitans, Ea Eleocharis acuta, 
Eg E. gracilis, Ep Epilobium pallidiflorum, Ha Gonocarpus 
micranthus, Hl Holcus lanatus, Ho Hebe odora, Ht Hydrocotyle 
tripartita, Ja Juncus articulatus, Je J. effusus, 
Jg J. gregiflorus, Mc Myosotis eaespitosa, Mf Montia fonta:na, 
Mi Mimulus moschatus, No Nasturtium officinale, Pc Potamogeton 
cheesemanii, Po Polytrichum corronune, Pt Phormium tenax, 
Ra Ra:nunculus macropus, Rg R. glabrifo lius, Sc Sphagnum 
cristatum, Sf S. falcatulum, Sp Schoenus pauciflorus, 
To Typha orientaZis, Tr Trifolium repens, Ve Viola cunninghamii. 
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Damage by cattle-trampling to Kettlehole tarn is of some 
concern and the area may need to be fenced to protect it. 

Occurring near the Kettlehole Bog and Lake Sarah are several 
other seepage areas and small kettleholes. These contain a 
low-growing vegetation characterised by Eleocha:riB graciliB and 
GonocarpuB micra:nthuB. · In addition there is a variety of introduced 
and native monocotyledons present. These sites have a relatively 
high pH but a low conductivity. Sphagnum cri.c;tatum is often present 
but does not dominate, the reasons for which are not apparent. 

The Influence of Human Activities on Mires 

The mires are one of the less-modified habitats of the Cass 
area. Although some adventive plants have e$tablished success
fully and many mires have been burnt, the overall composition and 
structure of the mire vegetation is probably little altered. Of 
the introduced species JuncuB articulatuB is the most important; it 
has a wide tolerance and occurs in many mire types. It is 
particularly abundant where there has been natural or man-made 
disturbance. · 

The greatest alteration in the mire vegetation has been due to 
grazing by cattle. Most other grazing mammals prefer to avoid 
the mires but the cattle favour lush, wet conditions and will 
often graze the margins of the lakes and more fertile mires. 
Cattle have been gra4ing intermittently in the Cass area for many 
years but their numbers have increased greatly quite recently. 
They will graze Typha around the lake margins which results in a 
zone of Typha in the deeper water with a cleared, trampled zone 
between it and the shore. JuncuB bufoniuB and J. articuZatuB are 
characteristic of this trampled zone. The margins of some mires 
have been damaged also. In particular SchoenuB seems to be 
susceptible to trampling and its place is-taken by JuncuB articulatuB 
and, in more fertile conditions, by Glyceria spp. These two 
along with Na.c;turtium are the preferred grazing of the cattle so 
that such areas tend to be grazed intensively. J. articulatus and 
Glyceria are sufficiently fast growing to withstand the grazing, 
while the tussocky SchoenuB is permanently removed. 

A factor which is difficult to assess is the effect of top
dressing with fertilizer. Isolated inputs of fertilizer seem to 
have little effect on mire systems although they may have 
considerable effects on aquatic systems, in particular the lake 
plankton. Presumably long-term fertilizer applications would 
change the mire vegetation towards types dominated by species 
requiring a high fertility. Changes in agricultural practice 
are so rapid that it is not possible to predict the future. 
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18. ADVENTIVE PLANTS 

A.T. Dobson 

Adventives are those plants which have been introduced, 
either deliberately or accidentally into this country and survive 
of their own accord. At present almost one hundred and fifty 
adventives have been recorded from Cass and more are likely to be 
discovered in the future. Of these, all but twelve originated in 
Europe and West Asia. Some of the adventives have become 
conspicuous and important elements of the flora while others have 
remained unimportant. A few have only been recorded on a single 
occasion. 

Unfortunately, there are few records of the early adventive 
species. The earliest is for "brie.rs" (presumably Rosa rubiginosa) 
at Bealey and along the public road, noted in the Cass Road Board 
minutes, Aug. '189 8. Presumably the first main influx of 
adventives occurred in the early 1860s when the area was first 
settled for farming and Arthurs Pass was the main route to the 
West Coast goldfields. Subsequently the importation of ballast 
for road and railway would have introduced further species as it 
still does. Some grasses and clovers have been deliberately 
sown for pasture at various times and other species are certain to 
have been introduced as seed impurities. Shrubs like gorse and 
broom have escaped from their original use as hedge plants. It 
seems likely that several species with wind-dispersed seeds have 
arrived independently. Several members of the Compositae 
probably arrived this way; in recent years Cirsium palustre., 
TussiZago farfara and Senecio jacobaea have done so. Other species 
probably have been introduced or spread by birds; these would 
include marsh species spread by ducks and berried species by 
blackbirds. Others would have arrived accidentally in a variety 
of ways, e.g. on clothing, on domesticated stock, and with 
domesticated plants. 

Early Records 

The first substantial record of many species at Cass is 
probably at least fifty years after their introduction., Cockayne 
& Foweraker ( 1916) listed fourteen species: Anthoxanthum odoratum., 
Aira caryophyZZea., Holcus Zanatus, Dactylis glomerata., Poa pratensis., Rumex 
acetoseZZa., Cerastium triviale, Sagina procumbens, UZex europaeus., Trifolium 
repens, T. arvense., T. dubium, Verbascum thapsus and Hypochaeris radicata. 
Jt seems probable that Juncus effusus also occurred. The Holcus., 
Poa, Rumex., Cerastium and Hypochaeris were noted as common members of 
short tussock grassland and, with the exception of the Poa, were 
important in the colonisation of the riverbed shingle. Trifolium 
repens (white clover) and Sagina procumbens were also given as 
riverbed plants. Oldridge (1922) studied shingle fans on 
Mt Baldy and mentioned Verbascum thapsus (flannel-leaf) and 
Rumex acetoseUa (sorrel) as occurring in the initial stages of 
colonisation of the shingle. Aira, Hypochaeris and TrifoZium repens 
appeared later in the succession. Malcolm (1925), in a study 
of the tussock grasslands, stated that there were more than 
forty introduced species in the Cass area. Unfortunately he did 
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not list them all. The most widespread species were /111 I lz/l:rm1 //11m1_, 
llgrostis .stoZon-ifera_, Holcus lanatus_, Poa pratensis_, Rumex acetosella and 
llypochaer>is. Cerastium viscosum var. glomeratum (presumably C. fontmnim) 
was noted as occurring on the sheltered sides of tussock grasses 
and C1~epis capiUar1'.s and Taraxacum officinale were also widespread. 
Perhaps the most striking feature of Malcolm's results is the 
total absence of Agrostis tenuis. By 1944 it had become important 
on the valley flats (Cumberland 1944) and possibly it was 
deliberately planted. Nowadays, brown-top is one of the dominant 
intertussock species in the grasslands surrounding the Field 
Station. The other species recorded by Malcolm still commonly 
occur except that Plantago major is now almost restricted to 
footpaths and trampled areas. 

A £ull list of aquatic and marsh plants along the Grasmere 
Stream was given by Arthur (1936). She noted the following 
adventives: Submerged aquatics - Ranunculus fluitans and Elodea 
canadensis; emergent plants of flowing water - Juncus articulatus_, 
Nasturtium officinale and Myosotis caespitosa; marshy ground - Juncus 
effusus_, Mimulus moschatus_, Sagina procwnbens_, Rwnex crispus_, Salix fragilis_, 
Mentha spicata_, Holcus and Trifoliwn repens. In addition to several 
native species of Epilobiwn, an unidentified species was mentioned 
and this was possibly E. ciliatwn. 

The Modern Adventive Flora in Grasslands and Riverbed 

It is only since the later 1950s that a comprehensive 
collection of species in the Cass area has been made, the main 
collectors being L. Visch, C.J. Burrows, D.M. Calder and, more 
recently, the author. Calder (1961) investigated the vegetation 
colonising riverbed shingle at Cass, a habitat which supports 
several adventi ves. Aira_, Vulpia bromoides and Anthoxanthwn are common 
in the initial community followed by Sedwn acre. With increasing 
stability Rumex acetoseUa_, Trifoliwn dubiwn and Cirsiwn vulgare invade. 
Calder also mentions several other adventives as occurring. 
Trifolium arvense, hare's foot clover, was widespread but not 
abundant at that time. Nowadays it is often a very abundant 
member of these shingle communities. This recent increase in 
abundance is surprising since it was first recorded as long ago 
as 1916. Gorse (Ulex) has also invaded the riverbeds and is 
locally abundant particularly near the site of Goldneys' old 
homestead. Where damp hollows occur in the shingle, Sagina is 
commonly found and, if these hollows remain undisturbed, other 
species may invade, especially PY'uneUa vulgaris ( self-heal) and the 
rush, Juncus articu latus. 

At present adventives are well-established in all low 
altitude types of vegetation in the Cass area except closed beech 
forest. Mycelis muralis is the only species that has shown any 
ability to invade beech forest but it is restricted to disturbed 
sites near streams where the mineral soil has been exposed. 
In many of the habitats where adventives occur they are mixed 
with the native flora. Most of these habitats and their flora 
are described in other sections of this book. The abundance of 
the more important adventive species is summarised in Fig. 18•1. 
A full species list is given in se~tion 22. 

Thompson (1972) has produced a list of adventives for Flock 
Hill, a limestone ridge in the Castle Hill Basin, about 15 km 

• 



Fig. 18•1 
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Generalised indication of abundance of the principal adventive 
species at Cass according to vegetation type. Abundance as follows: 

3. An abundant and characteristic species of the vegetation. 

2. Common and usually present in the vegetation. 

1. Widespread but usually only a minor component of the vegetation. 

O. Absent or rare. 
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south of Cass. The list, although shorter, is substantially 
similar to the Cass adventive flora. 

Cultivated Land, Roadsides and Railway 

There are, at Cass, some habitats which are entirely 
artificial and in which adventives dominate to the virtual 
exclusion of native plants. These habitats are all intimately 
associated with human activity. 

The earliest records of cultivation date from the 1870s. 
Relatively small areas of land have been cultivated since that 
time until the 1960s when the area under cultivation has increased 
markedly. Cultivated land either has short-term pasture of 
grasses and clovers or is sown with turnips or cereals for winter 
stock feed. Rumex acetoseUa is a common weed of both pasture and 
arable land. The light, dry soils where competition is reduced 
and its ability to regenerate from root fragments give it an 
advantage in both habitats. In the arable fields the commonest 
annual weeds are Chenopodium at.bum, Sperguia arvensis and SteUaria 
media. These three are abundant during the summer months. 

The analysis of weed seeds in Table 18A clearly demonstrates 
the predominance of the above-mentioned plants in the arable weed 
flora. The Pimeiea seeds in one sample have persisted from the 
former tussock grassland vegetation. It is interesting to note 
that the longer an area has been under cultivation, the greater 
is the weed seed population. 

TABLE 18A: WEED SEED POPULATIONS AT CASS 

Data of Janet Wain, 1973, based on 200 g soil samples. 

Number of seeds per species 
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Adventives also predominate in the areas of grassland and 
shingle ballast adjacent to the roads and railway. The roads 
and railway are similar in that they are bordered by a zone of 
shingle ballast, which is repeatedly disturbed mechanically, 
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with less disturbed zones of grassland beyond. Grazing pressure 
on this grassland is substantially less than elsewhere. However, 



275 

the railway verges were deliberately fired each year in the days 
of steam locomotives. This was to prevent the build-up of dry 
matter which could give rise to more disastrous uncontrolled 
fires. The grassland verges are dominated by the grasses 
DactyUs gfomerata3 Poa pratensis and Agrostis tenuis with lesser 
quantities of Holcus 3 Anthoxanthum and yarrow, AchiUea miUefoZium. 
Along the railway, shrubs, principally Malus (Apple) and Rosa, are 
common while the natives are represented by occasional patches of 
bracken. Crirysanthemum leucanthemum is almost confined to these verge 
habitats. On the shingle ballast a variety of annual plants 
occurs without any particular species predominating. However, 
along the railway, certain rhizomatous perennials are establishing 
sporadically, notably Lina;r,ia and Hypericwn and the native dwarf 
shrub, Muehlenbeckia axiUaris. 

Grazing and Adventive Plants 

Undoubtedly grazing is an important influence on the plants 
of the Cass area. Several of the grasses and clovers are grown 
specifically for fodder but many of the other species are also 
grazed. Malcolm (1925) compared two areas of tussock grassland 
on the Sugarloaf fan immediately adjacent to the Field Station. 
One site had been fenced and ungrazed for seven years (since 1917) 
while the other had endured normal grazing. Fescue tussocks were 
slightly more abundant in the grazed area. The intertussock 
floras differed as follows (asterisks indicate adventive species): 

TABLE 18B: SPECIES COMPOSITION OF GRAZED AND UNGRAZED PLOTS AT CASS 

Percentage Frequency 
Ungrazed plot Grazed plot 

Anthoxanthum odoratum* 10.6 2.8 
Celmisia gracilenta 2.8 4.5 
Coprosma pe triei 11.2 5.1 
Cotula ?perpusilla 2.8 4.0 
Crepis capillaris* 1.8 4.5 
Cyathodes fraseri 2.1 2.8 
Disca;riia toumatou rare rare 
Epi Zobium sp. 6.2 0.9 
Festuca novae-zela:ndiae 1.8 2.1 
Geranium sessiliflorum 0.9 3.4 
Holcus lanatus* 7.0 1.1 
Hydrocotyle novae-zelandiae 0.0 2.8 
Hypochaeris radicata* 4.9 4.0 
Luzula sp. 13.0 25.2 
Muehlenbeckia axilla;r,is 0.4 1.1 
Pimelea sericeo-villosa 1.1 0.9 
Pla:ntago major* 0.0 0.6 
Poa co Zensoi 19.7 17.1 
Raoulia subsericea 3.6 4.0 
Rumex acetoseZZa* 0.9 0.9 
Senecio belZidioid,es 1.8 1.8 
Taraxacum officinale* 2.2 0.9 
WahZenbergia aZboma;r,ginata 2.1 6.8 
Moss 1 12.1 4.5 
Moss 2 2.8 4.0 
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Malcolm 1 s fenced plot has long 
results clearly show differences in 
between grazed and ungrazed areas. 
section 13. 

since disappeared~ His 
the abundance of some species 
Other data are noted in 

Among the plants along streams, G'lyceria is much favoured by 
cattle while Juncus articuZatus and Nasturtium are also grazed. 
Cattle will often cause considerable damage to mires and stream
sio.es in their efforts to reach these and other plants. Recently 
they have caused severe damage to the shore of Lake Sarah and to 
Kettlehole tarn ,r partly by trampling and by browsing Phormium tena::c 
and Typha. Elsewhere grazing exerts more subtle effects although 
there may be sta:i;-tling changes in the vegetation following 
changes in the grazing patternu such as the upsurge in sweetbriar, 
Rosa, following the decline in the rabbit population in the 
Mackenzie Country. In the areas which are relatively free of 
grazing such as the railway verge and the enclosure near the 
Field Station------there are noticeably fewer species than on the 
grazed areas. A few vigorous species, e.g. Agrostis tenuis, Dactylis 
glomerata3 Poa pratensis., suppress the others and natives are almost 
entirely absent from such sites. 

Agrostis tenuis is now probably the most important species for 
grazing in the tussock grasslands although its food value compared 
to the species of sown pasture (rye-grass and clover) is not high. 
In the tussock grasslands it has been demonstrated that the food 
value is highest in the dicotyledonous herbs, e.g. clovers and 
cat's-ear, less in the introduced grasses and least in the native 
tussocks (Coop, Darling and Anderson 1953; Grace and Scott 1974). 
Hypochaeris radicata is ubiquitous in the grasslands and an 
important item of sheep diet. 

Of the seven adventive shrubs that have become established, 
five have thorns or spines and several herbs are also spiny. 
Several other adventives are protected by unpleasant flavour, 
e.g. lupins and Senecio species. Al though foxgloves, Digitalis 
purpurear contain alkaloid poisons, I have seen the centre of 
their rosettes commonly eaten out during winter, apparently by 
sheep or hares. This probably explains why foxgloves 
preferentially occur where protected by thorny shrubs. The very 
poisonous hemlock (Conium maculatum), which in 1956-60 grew 
abundantly round the Field Station, was avidly eaten by 
sheep after spraying with 2-4D" The effects on the sheep were 
not recorded! (C.J. Burrows pers. comm.). 

Noxious Weeds 

Three of the most serious noxious weeds in New Z$aland, 
gorse (Ulex europaeus), broom (Cytisus scoparius) and sweet-brier 
(Rosa rubiginosa) occur at Cass and there is a sprinkling of others 
including hemlock, ragwort (Senecio jacobaea) and Californian 
thistle (Cirsium arvense). Of these, only broom and, possibly, 
sweet-brier are of much economic importance at Cass. Gorse, 
although present near Goldneys' old homestead site on the Cass 
River and at Cora Lynn and a few other places, does not spread 
readily in the Cass environment and the herbaceous plants are of 
limited extent. Broom, howeverv is potentially a serious threat, 
not only to areas of grazing, but also by its ability to invade 
native scrub communities and modify them. The main nucleus areas 

..... 
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are round the Grasmere homesteadu near the old Bealey hotel site 
and where the Avoca road crosses the Grasmere Stream .. A 
determined effort is needed to eradicate it (possible, nowadays, 
by the use of the weed killer Tordon). 

Sweet-brier is locally abundant and could spread further, 
but its potential for vigorous spread is limited by its require
ment for relatively fertile conditions, especially with respect 
to phosphate. Thus it is commonest on freshly deposited soils 
like debris-flow tongues or sites where rock is weathering 
(screes below bluffs at low altitude) (Molloy 1966). Californian 
thistle is similar in this respect, and it occurs, also, on 
arable land. 

Recent Arrivals 

In 1966 C.J. Burrows found Tussila,go farfaPa (coltsfoot) in a. 
gully on the north face of Mt Misery, the first collection in 
New Zealand. The plant remained unidentified for five years 
but once its identity was known, searches were made elsewhere 
as it is a potentially serious weed. It has since been collected 
from Otira, Upper Edwards Valley, Mingha Valley, Harper River and 
is reported from Broad Stream near Bealey (Burrows 1972). In 
Europe its natural habitat is in disturbed sites and arable land 
but it is not especially drought tolerant. So far the sites it 
has colonised in New Zealand are disturbed shingle near streams 
or wet screes, although near Otira it is also on road and railway 
ballast. It has a stout rhizome, giving it very effective 
vegetative reproduction. In Europe it has become a common weed 
of arable land, especially on heavy soils. Tussilago might be 
beneficial in that it may stabilize some of our eroding mountains, 
but it is probably best to regard it as undesirable in that it 
may become a serious weed. It is very difficult to eradicate. 

There is little hope of restricting the further spread of 
the recent invaders of the Cass Basin, Tussi Zago., Cirsiwn pa lustre 
and Senecio jacohaea, because they spread too easily. Acaena agnipi la, 
another recent immigrant 0 has hooked fruits which are dispersed in 
sheep's wool, like the native Acaena species, thus lowering wool 
quality. In view of the small area of A. agnipila present (a few 
square metres near the Mt White bridge) an attempt at extermination 
is probably worthwhile. 

Adventives have successfully invaded the Cass area. Al though 
this invasion was largely due to man's activities, many of these 
adventives will continue to be important components of the Cass 
flora irrespective of man's future influence. Adventives are 
most important in the lower altitude areas and where disturbance 
has been greatest. Relatively few occur above 1000 m. Probably 
Rwnex acetosella, Hypochaeris radicata, Trifoliwn repens and Cerastiwn 
fontanwn ascend the highest. I have seen C. fontanum at 1600 m in 
Rough Creek Basin, Arthurs Pass. Trifoliwn and Rwnex have been 
seen, near an old sheep-camp, at nearly 1600 m on Mt Misery 
(C.J. Burrows, pers. comm.). 
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19. BIOLOGY OF THE STREAM FAUNA 

M.J. Winterbourn 

Streams and rivers are conspicuous features of the Cass 
landscape and provide a wide range of environmental conditions 
and aquatic habitats. They range in size from small, hillside 
seepages to broad flood-prone rivers, the largest of which is the 
Waimakariri with its characteristic, braided bed. Some streams 
are spring or lake fed and flow all year round whereas others flow 
intermittently, often flooding after heavy rain and running 
beneath the surface during drier times of year. 

Nature of the Fauna 

An extensive fauna of endemic invertebrates and fish inhabit 
these running waters, and introduced trout occur in many of the 
larger rivers and streams. I will be concerned mainly with the 
invertebrate fauna only in this article. The fish are discussed 
at the end, briefly, in a note by Vivienne Burrows. The fauna is 
dominated by the immature stages of insects, particularly species 
of Ephemeroptera (mayflies}, Trichoptera (caddisflies), Plecoptera 
(stoneflies) and Diptera (two-winged flies). Trichoptera, 
particularly the family Rhyacophilidae are especially well 
represented at Cass where the free-living, carnivorous larvae of 
over a dozen species inhabit a wide range of habitats character
ized by the size, flow conditions and cover of the stream 
(McFarlane 1938). Twelve of the 33 known species of New Zealand 
Plecoptera have been found at Cass and many of them are important 
members of the invertebrate communities in small, forest streams. 
The number of mayfly species present appears to be less than that 
found in many other parts of New Zealand, although nymphs of 
Deleatidium spp. are usually the most abundant animals in rivers 
with unstable, stony beds. Because its "species" are highly 
variable or poorly differentiated from each other the genus 
Deleatidium has proved to be a taxonomist• s nightmare and at present 
it is impossible to identify species positively from nymphs, 
subimagoes or adults. Two species of blackfly (sandfly), whose 
biting adults are a constant irritant to man, are found as larvae 
and pupae in streams at Cass. The larvae of one of these, 
AustrosimuZium australense, normally inhabit vegetation in open 
streams with relatively slow, constant flow, whereas larvae of 
A. ungulatum occupy the surfaces of irregular and rounded stones in 
small, steep forest and streams in tussock country (Dumbleton 
1973). 

Only one mollusc, the prosobranch gastropod Potamopyrgus 
antipodarwn is found in large numbers at Cass. It is most common 
in the slower, more stable streams and lakes and frequently is 
absent from forest streams. Cass appears to be close to the 
upper alti tudinal limit of P. antipodarum. Morphologically, 
P. antipodarum is highly variable in shell shape and individuals 
may or may not possess prominent rows of periostracal spines 
ornamenting the body whorls of their shells. In running waters 
around Cass unornamented, thick-shelled snails usually 
predominate, whereas in many parts of Lakes Grasmere and Sarah 

--
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spiny, thin-shelled individuals are abundant. Freshwater mussels, 
HyrideUa menziesi, although more typical of muddy lake bottoms, may 
also occur in streams, and large numbers have been found embedded 
in silty sections of the Craigieburn stream bed. 

Notable absentees from the stream faunas of Cass are shrimps, 
amphipods and crayfish, all of which occur in streams at lower 
altitudes. Most of the'isopods and other small crustaceans, 
associated with running waters at Cass, occur among aquatic 
macrophytes and algae in slow-flowing water, or within clumps of, 
mosses in the spray zones of turbulent streams. 

Most of the early work on freshwater organisms in the Cass 
region was taxonomic and entomologists, notably R.J. Tillyard and 
A.L. Tonnoir, collected many Trichoptera, Plecoptera and Diptera 
early this century. Later the Trichoptera were studied 
extensively by A.G. McFarlane, who started collecting in the 
1930's and has maintained an active interest in this group to the 
present day. From the collections made by these and other 
workers numerous species have been described, ten with Cass as 
their type locality (Table 19A). 

TABLE 19A: INSECTS WITH AQUATIC STAGES HAVING CASS AS THEIR TYPE LOCALITY 

Taxon 

Diptera - Chironornidae 

Diplocladius lacuniferus 
Freeman, 1959 

Parochlus novaezelandiae 
Brundin, 1966 

Psectrotanypus quinquepunctatus 
(Freeman, 1959) 

Tanytarsus vespertinus 
Hutton, 1902 

Trichoptera 

Olinga jeanqe McFarlane, 1966 

Psilochorema folioharpax 
McFarlane, 1956 

Psilochorema tautoru 
McFarlane, 1964 

Pcynocentria hawdonia 
McFarlane, 1956 

Pycnocentrodes chiltoni 
Tillyard, 1924 

Locality 

Cass 

Ribbonwood Stream 

Cass 

Cass 

Reservoir Bush 

Andrews/Waimakariri 
junction 

Cass 

Rawdon River 

Cass 

Collector 

A.L. Tonnoir 

V.M. Stout 

A.L. Tonnoir 

A.L. Tonnoir 

A.G. McFarlane 

A.G. McFarlane 

A.G. McFarlane 

A.G. Mc Far lane 

R.J. Tillyard 

The early entomologists collected mainly winged adults, whereas 
it is the aquatic stages which are of prime interest to the stream 
biologist. J.G. Penniket while entomologist at the Canterbury 
Museum, produced a set of unpublished keys to the aquatic insects 
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of New Zealand and they allow many of the stream-dwelling insects 
of Cass to be identified. McFarlane (1951) provided useful 
descriptions of many larval Rhyacophilidae and more recently 
Cowley (1975) has described the larvae of 23 species of 
Trichoptera other than Rhyacophilidae which occur at Cass. Most 
of the Plecoptera are known as nymphs and adults through the work 
of McLellan (1966, 1967, 1968, 1969, 1973), McLellan and 
Winterbourn (1968) and Winterbourn (1968), and Ephemeroptera, 
apart from the ubiquitous Leptophlebiidae, can be identified at 
least to genus from the descriptions of Phillips (1930). Except 
for the dipteran families Simuliidae and Blephariceridae, which 
have been considered in detail by Dumbleton (1963, 1973} and 
Craig (1966, 1969), few aquatic stages of Diptera or Coleoptera 
aan be associated with their respective adults (see the faunal 
list, section 23). In addition to insects, descriptions of 
flatworms based in part on material from Cass have been published 
by Nurse (1950) and it is probable that a number of the 
oligochaetes which have been neglected to date can be identified 
from Brinkhurst's (1971) key and Marshall's (1975) pictorial 
guide. 

Ecology of Smaller Forested Streams 

I will now consider the faunas of a number of different 
streams in the Cass district and focus particular attention on 
some of the more interesting insects which have been the subject 
of detailed studies. All of the earlier studies on stream 
invertebrates at Cass were carried out by graduate students of 
Canterbury College under the direction of Professor Edward 
Percival. They resulted in a number of theses and scientific 
papers by Helson (1932, 1934, 1935), Thomson (1933), Glasgow 
(1934, 1936a, 1936b}, McFarlane (1938, 1951), Wolfe (1949, 1953), 
Rowley-Smith (1962) and Wisely (1952, 1961, 1962, 1965). 
Subsequently, research in stream biology was continued by 
Professor R.L.C. Pilgrim, Mrs F.R. Allison and Dr V.M. Stout, 
and at present is being actively pursued by the present writer 
and his students. 

Middle Bush Stream, located on the southern side of Cass Hill 
is the site of an extensive ecological study commenced in 1973. 
The stream arises from a constant temperature (6°C) spring at 
about 820 m a.s.l. and flows down a steep-sided valley supporting 
mixed scrub, before entering a stand of mountain beech about 450 m 
downstream. On leaving the bush, the stream flows underground · 
for much of the time (except after rain in the area) and eventually 
enters Grasmere Stream. In its upper reaches much of the stream 
bed consists of large, stable boulders supporting thick growths 
of moss. Three main moss species occur, Fissidens rigidulus which 
occupies the most torrential waters in mid channel, PterygophyUwn 
quadrifarium which characteristically forms a distinct zone outside 
F. rigidulus, and Cratoneuropsis relaxa whose habitat may be described 
as the outer spray zone. The invertebrate fauna living among the 
mosses has been studied by Cowie (1975) who found that each was 
inhabited by a characteristic assemblage of animals. Species 
most abundant in F. rigidulus were the flattened nymphs of a 
stonefly Zelandoperla fenestrata, the small, cased larvae of an 
undescribed species of Zelolessica (Trichoptera) and larvae of 
three dipterans, a chironomid midge belonging to the tribe 
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Tanytarsini, an empidid fly and the blackfly AustrosimuUwn ungulatwn. 
Larvae of two helodid beetles, recognizable by their long, multi
segmented antennae, Z. fenestrata, a second stonef ly Austroperla 
ayrene and the large, black flatworm Neppia montana were must 
abundant on P. quadrifarium, whereas a "terrestrial" isopod belong
ing to the fcfmily Scyphidae predominated on C. relaxa. Al though 
living on moss, analyses of the gut contents of Z. fenestrata, 
A. ayrene and one of the helodids indicated that it was rarely 
utilized as food. Rather, larvae fed on epiphytic diatoms and 
fine organic detritus. 

Within the beech forest (Middle Bush) further downstream, 
stream bed conditions change markedly. Boulders and stones are 
mostly bare or thinly colonized by diatoms and aquatic mosses are 
restricted to a few near-vertical rock faces and falls. In 
addition, the bed is littered with branches, twigs and beech 
leaves which are trapped between stones or accumulate in pools. 
Our studies indicate that.the input of beech litter (leaves and 
twigs but not branches or logs) to the forested section of the 
stream is about 570 g.m- 2 .yr. This represents the most important 
source of energy utilized by the forest stream community 
(Winterbourn 1976). A significant feature of many New Zealand 
forest streams is an apparent paucity of leaf-shredding 
detri ti vores, a. group of animals which plays an important role in 
litter breakdown and energy transfer in Northern Hemisphere 
woodland streams. Middle Bush Stream does not conform to this 
generalization as a large resident population of leaf-feeding 
insects is present. These include larvae of the stonefly A. cyrene, 
and the oeconesid caddis, Zelandopsyche ingens. Z. ingens is New 
Zealand 1 s largest caddisfly and attains a population density of 
50-100 larvae/m 2 in Middle Bush Stream where it feeds 
predominantly on dead leaves of mountain beech. Our experimental 
work (Winteibourn and Davis 1976) indicates that larvae 
assimilate leaves with an efficiency of 8-24% but that much of 
the assimilable material is microbial biomass from the leaf 
surfaces. ,By combining the results of feeding studies with field 
data on leaf fall we estimated that the larval population broke 
down about 15% of the annual input of beech leaves to the stream. 
As well as feeding on leaves, the first four larval instars use 
them as case-building materials. Roughly circular pieces of leaf 
are cut out and cemented together with silk to form a tubular case 
which is continually being lengthened by adding to the anterior 
end. In the final (5th) larval instar, the type of case 
constructed changes abruptly. Instead of leaves, small pieces of 
twig or petiole are cut and laid at right angles to the case's 
long axis to form a robust, "log cabin" case with a square cross
section. Prior to pupation the case is shortened and closed at 
both ends with small pebbles which seem to act as a protective 
wall. 

The other large shredder, Austroperla cyrene, was the subject 
of an M.Sc. thesis by Margaret Thomson in 1933. This stonefly 
is the only austroperlid in New Zealand and it is widely 
distributed throughout the country including Stewart Island. 
In addition to making an exhaustive anatomical study of adults 
and nymphs, Thomson carried out field work in Misery Stream, 
Woolshed Stream and Sugarloaf Stream, all of which flow through 
stands of mountain beech. In these streams, the black-brown 
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nymphs of A, cyrene are commonly found on submerged branches and 
logs which are probably their major source of food. According to 
Thomson the nymphs may live up to 3 years and the adult stone
flies, which mostly emerge in December and January, continue to 
feed on wood. The nymphs of A. cyrene also occur uncter stones in 
seepage areas at the south-west end of Lake Grasmere, a habitat 
which contrasts strongly with those occupied in most forest 
streams. 

The most abundant animals in the forested section of Middle 
Bush Stream are not large shredding species but small insects 
which feed by grazing and scraping fine particles of organic 
debris from a variety of surfaces. These insects include 
chironomid larvae (Tanytarsini) which may build sediment tubes 
on stones and leaves, nymphs of Deleatidiwn, helodid larvae, and 
two stoneflies, Zelandobius sp. and Spaniocerca zelandica. rrhe horny
cased larvae of Olinga jeanae also belong to this group al though 
they can feed by shredding leaves as well. , Another important 
caddis is DoZophiZodes stenocerca whose larvae live in silken tubes 
on the undersides of stones. Adults of D. stenoaerca are commonly 
seen beside the stream during spring and summer. Prominent 
carnivores are the flatworm, Neppia montana, stony-cased larvae of 
a caddisfly PhiZorheithrus agiUs and nymphs of the large, green 
stonefly, Stenoperla prasina. Yet another stonefly, Aucklandobius 
sp~n~ger, exhibits an interesting diel behavioural pattern. 
During the day its nymphs are found beneath stones or on litter 
in the stream, but at night they may crawl out of the stream on 
to dry rocks or logs where they feed on mosses and perhaps other 
encrusting plants. Notable absentees from Middle Bush Stream 
and the other small streams on Cass Hill and Sugarloaf are fish, 
molluscs and large filter-feeding insect larvae such as the Jlj 
mayfly Coloburiscus humeraUs and net-spinning Hydropsychidae. -- . 

A slightly larger beech forest stream with a much shallower 
gradient than Middle Bush Stream, at least in its lower reaches, 
is a tributary to the Andrews Stream which enters the Waimakariri 
River near the National Park Board shelter. Many of the stones 
forming its bed are coated with moss and numerous fallen trees 
form the basis of "organic dams 11

• The fauna is more di.verse than 
that found in smaller hillside streams, perhaps because it is 
more stable and provides a greater range of microhabitats and 
feeding niches. All species found in the forested section of 
Middle Bush Stream inhabit the Andrews tributary and although 
grazing insects are still abundant, the filterers, Coloburiscus 
humeralis and Austrosirrrulium ungulatwn are two of the most common 
species present. Other species found which are absent from 
Middle Bush Stream are the mollusc Potamopyrgus antipodarwn, the 
voracious, carnivorous larvae of the large dobsonf ly Archiahauliodes 
di versus and three caddis flies, HeUcopsyche aZbesaens, Triplectides 
obsoleta and Aoteapsyche raruraru. Larvae of the latter occupy stone 
shelters stuck firmly to the undersurfaces of stones and logs and 
construct filtering nets which they hang from wooden struts. 

The biology of CoZoburiscus humeralis was investigated by Wisely 
(1952). Much of his work was carried out in Purau Stream, Banks 
Peninsula but he also investigated the distribution of nymphs in 
other parts of'New Zealand including the Cass Basin. Nymphs were 
abundant in relatively stable streams which were not affected 
greatly by flooding or scouring but were not found in the flood 



regions of swift rivers or in beech forest streams with gradients 
greater than about 1 in 5. According to Wisely, most adult 
C. humeralis emerge and fly in late November - early December at 
Cass, although, as with many of our aquatic insects, it is 
probable that the flight period lasts many months. Thus Norrie 
( 19 69) found that C. humera-Us and some other mayfly species 
emerged from the Waitakere Stream near Auckland in all months of 
the year. Perhaps the most interesting feature of C. humeraZis is 
the unusual filter-feeding mechanism of the nymphs which was 
described by Wisely (1961). Fine particles floating in the water 
are trapped by the fringes of long bristles borne by the forelimbs 
and then transferred to the mouth by sweeping movements of the 
maxillary and labial palps. Gut contents of nymphs include 
diatoms and fine detritus while some taken from the Grasmere 
Stream were found to contain material indistinguishable from the 
faeces of the abundant snail Potamopyrgus antipodarum. 

Another conspicuous inhabitant of forest streams is the 
large carnivorous stone fly, StenoperZa prasina. It is one of our 
largest plecopterans and the only species of the primitive 
Southern Hemisphere family Eustheniidae present in this country. 
Most S. prasina are bright green as adults and nymphs although 
sometimes a striking yellow form may be found. Helson (1932), in 
a pioneering study, made detailed descriptions of larval and 
adult anatomy and discussed the phenomenon of brachyptery (short
wingedness) observed in four males from Ribbonwood Creek. 
Although considered unusual then, subsequent work has shown that 
brach.yptery and even winglessness is quite common in a number of 
our gripopterygid stoneflies, especially those living at high 
altitudes or on sub-Antarctic islands (Wisely 1953, McLellan 
1975). In addition to his anatomical studies, Helson made 
observations on the habitat, food, parasites and other 
environmental relationships of S. prasina nymphs in several parts 
of the country, particularly near Cass. He noted that nymphs 
were most prevalent on stony beds of swiftly flowing streams and 
that they fed primarily on mayfly nymphs, especially DeZeatidiwn 
SPP•r as well as other insect prey. A habitat not mentioned by 
him but where S. prasina nymphs are known to be common is the 
wave-beaten, stony, southern shore of Lake Grasmere. Helson 
suggested that the nymphal life of the insect was two or three 
years and that larvae of the dobsonfly, ArchichauUodes diversus, 
were its major predators. Recent studies in two lowland 
Canterbury rivers by Winterbourn (1974) and Devonport and 
Winterbourn ( 19 76) have confirmed that Deleatidiwn nymphs are the 
stoneflies 1 most important prey. However, their data point to a 
poorly synchronized 1-year nymphal growth period, at least at 
lower altitudes, and extensive gut analyses of S. prasina and 
A. diversus from the Glentui River where both are abundant, 
indicate that virtually no cross-predation occurs. 

Although tumbling, stony streams are the most common water
courses on forested hillsides near Cass, small slow-flowing 
streamlets also occur, for example on beech-forested terraces 
beside the Rawdon River. Accumulated on their beds are branches 
and leaves as well as deep, organic deposits which provide a 
habitat for a unique assemblage of species. These include 
helodid larvae, larvae of the stick caddis, Triplectides obsoZeta, 
an unidentified species of Oeconesidae (Trichoptera), and the 
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larvae of a caddisfly Pycnocentria syZvestri,s which typically occupy 
cracks in rotting logs (McFarlane 1973). Numerically dominant 
are species of Chironomidae but most interesting are the larvae 
of the scorpionfly Microchorista phiZpotti, which were first 
reported by Pilgrim (1962). Most scorpionflies have terrestrial 
larvae and only a few New Zealand and Australian species in the 
family Nannochoristidae are known to be aquatic. Pilgrim (1972) 
has described the larva, prepupa and pupa in detail and he also 
investigated the insect's life history in a tributary of the 
Rawdon River. The larvae are slender insects up to about 20 mm 
long which superficially resemble some beetle larvae. They are 
a shining grey-brown colour and can be recognized easily by the 
light, translucent patterns on their thoracic and abdominal 
segments. The larvae are carnivorous and appear to feed mainly 
on chironomid larvae. There are four larval instars and pupation 
occurs in damp moss or soil beside the stream when the larvae are 
9-10 months old. The pupal stage lasts about two weeks and the 
winged adults are found from November to March. Although probably 
most abundant in streams such as that described above, continual 
collecting has shown that scorpionfly larvae live in the fine 
sediments which accumulate in still pools and backwaters in many 
forest streams. 

Ecology of Streams in Open Country 

Up to now I have been concerned with the faunas of forested 
streams, most of which are relatively small. In contrast, 
running waters in open country vary greatly in size from tiny 
seepage streams to wide 0 fast-flowing rivers. 

The most fascinating animal inhabiting seepage streams and 
boggy areas is New Zealand I s largest dragonfly, Uropetaia carovei, 
which was the subject of an intensive ecological study by Wolfe 
(1949). Nymphs inhabit spring-fed, boggy or swampy areas where 
there is a consistent flow of water. Conditions of this kind 
occur on many tussock-covered hillsides, for example at the north
eastern side of Lake Sarah where Wolfe carried out much of his 
work. During the day, nymphs occupy burrows which may be up to 
600 mm long and 31 mm wide with a slight chamber hollowed out at 
the bottom. Some burrows are U-shaped with two surface openings 
although a single entrance is most common. Sometimes they have 
side branches which represent the living chambers of earlier 
instars. At nigh.tu nymphs shovel debris from their burrows with 
their labial masks and then leave them in search of food. Small 
nymphs feed on protozoans, small Crustacea, oligochaetes, 
nematodes 0 rotifers·and microtrichopteran larvae, whereas larger 
nymphs capture beetles, orthopterans, flies and spiders living 
beside and on top of the water. The life history of U. carovei is 
thought to be very long for a dragonfly - up to 5 or 6 years -
with the last of the 15 nymphal instars occupying two whole years. 
The black and yellow adults emerge in December and January, live 
for 1-2 months and lay their eggs in moss, liverwort or stems of 
other bog vegetationo 

Grasmere Stream which is the outlet of Lakes Sarah and 
Grasmere, flows north along the valley floor before merging with 
the Cass River about 1 km from its confluence with the 
Waimakariri River. Grasmere Stream has a stable bed of gravel 
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and stones and is not prone to heavy flooding. Thick growths of 
macrophytes and filamentous algae become established at times and 
in places the stream spreads out and flows through dense stands 
of Phorrrrium and Typha. Near the Field Station, the stream has 
been sampled each March or April since 1969 by groups'of 
.undergraduate students from the Department of Zoology. These 
surveys have provided useful information on the composition and 
distribution of the fauna which has showed little change during 
that time. This part of the stream is 2-6 m wide and up to 0.8 m 
deep, maximum current velocity recorded is 1.2 m/sec and measured 
water temperatures in March and April range from 10 to 17°c. 

A dense invertebrate fauna is present on hard substrate and 
among aquatic plants. The snail Potamopyrgus antipodaY'Wn and 
Pycnocentria evecta, a small caddisfly with a horny tube covered 
with a neat spiral of closely fitting sand grains, are often 
abundant on stones and weeds and Oligochaeta are numerous within 
the bed itself. Two other trichopterans, the striped-legged 
Hudsonema amabilis and the minute Oxyethira albiceps also are common 
among the weeds. Another stony-cased caddis Pycnocentroaes aureola, 
the net-spinning larvae of Aoteapsyche colonica (= Hydropsyche colonica), 
nymphs of the mayflies Coloburiscus humeralis and Deleatidium spp. 
and larvae of an elmid beetle are most common on stones. 

A. colonica was the subject of an early thesis by Glasgow 
(1934) which was carried out in part at Cass. Glasgow made an 
intensive anatomical study of his animal and investigated larval 
growth by analysing the size distributions of larvae in fortnight
ly samples taken from Slovens Creek, Avoca, for a year. He 
concluded that A. colonica had a 1 year life cycle, which is almost 
certainly correct. Associated with A. colonica in Grasmere Stream 
and other fairly stable streams of similar size are the free
living larvae of a rhyacophilid caddis, Neurochoreme confusum. They 
are easily recognised by the row of pale spots on each side of 
the bright green abdomen and according to McFarlane (1938} they 
feed on pupae of A. colonica. 

In their lower reaches the Andrews Stream, Hawdon River and 
Cass River have broad, meandering, shingle beds which frequently 
run dry in summer. They provide rigorous living conditions for 
aquatic animals and consequently few species are abundant. 
Dominant insects are the grazing nymphs of Deleatidium., chironomid 
larvae and predatory larvae of a caseless caddis, Hydrobiosis 
parumbripennis. The stone shelters enclosing pupae of the latter 
are conspicuous objects adhering to the undersurfaces of stones 
and rocks and they, along with flat sheets of eggs, larvae and 
adults, may sometimes be found on one rock. The sprawling nymphs 
of Deleatidium are all dorso-ventrally flattened and those of one 
species possess broad, overlapping gills which form continuous 
flaps along the abdominal margins. · 

Further up these rivers where the bed is more stable and 
the channel better defined, stream-lined swimming nymphs of the 
mayflies Nesameletus ornatus and Oniscigaster distans occur along with 
several more species of Rhyacophilidae, stonefly nymphs and 
Blephariceridae. The sprawling nymphs of the stonefly Zelandoperla 
decorata possess well-developed fringes of hairs on their legs and 
these are held hard against the substratum to prevent the nymphs 

• 
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being swept away. Even more secure attachment is ensured by the 
six ventral suckers possessed by larval blepharicerids which may 
inhabit the upper surfaces of rocks fully exposed to the current. 

Finally, the fauna of the Waimakariri River is the most 
poorly known of all. Little systematic collecting has been done 
although the distribution of rhyacophilid larvae was investigated 
by McFarlane ( 19 38) • He found Hydrobiosis hCXY'pidiosa.,, H. frater 
and PsiZochoreme Zeptoharpax in slow water above the gorge while 
H. aharad:l'aea and H. aZavigera inhabit seeps away from the main 
channel. Deleatidiwn nymphs are common in shallow riffles and 
along the sides of channels, but the faunas of deep, fast-flowing 
channels have defied investigation. 

The following notes on the fish fauna were prepared by 
Vivienne Burrows. The fish fauna of rivers and streams is not 
sharply differentiated from that of lakes. The native fishes 
include long-finned eels (AnguiUa dieffenbaahii), galaxiids 
(GaZaxias vuZgaris and G. pauaispondyZus) and upland bullies 
(Gobiomorphus breviaeps). 

Eels are abundant in the flax-lined Grasmere Stream, growing 
to at least 2 kg weight there. They are also known to be present 
in deep pools in the main Waimakariri River and some side streams. 
The food of eels includes some young trout, but probably consists 
mainly of invertebrates. Bullies have not been studied in the 
streams and rivers. They are known to be very numerous in the 
lakes. 

The two galaxiids occur together in some stretches of the 
streams but G. paucispondyZus is exclusively present in the upper 
watersheds (higher than 650 m). Large individuals, some 10-15 cm 
long, have been seen in rocky pools in the upper Harper Riverp 
near Lagoon Saddle. G. vulgCXY'is was the subject of detailed work 
by Vivienne Benzie {1961, 1968). She found that it commonly 
occurs in a wide range of streams near Cass, especially where 
eels and trout are not numerous. For example, it is present in 
the Cass River and its small tributaries where it also breeds. 
Masses of eggs are laid under stones in small, secluded pools 
and streamlets in which a constant (low) temperature is 
maintained. G. vulga:t'is breeds between late spring and about 
Christmas. The young emerge in about a fortnight to three weeks, 
forming schools in small pools. While their yolk sac is still 
distended they begin feeding on small insect larvae in these 
sidestream-pool complexes. Before the onset of the next winter 
they have grown to about 4 cm or more in length, have laid down 
fat reserves, have developed their characteristic pigmentation 
and have become solitary and cryptic in their habits, while 
moving nearer to the main stream. G. pauaispondyZus also 
overwinters with almost-ripe gonads, but its eggs are 
proportionately larger and fewer than those of G. vu"lgaris. 
This species is less tolerant of warm water and/or oxygen lack 
than G. vu"lgaris. A more detailed study of its habits and 
propensities would be useful. 

An introduced fish, the brown trout (SaZmo trutta), occurs 
in resident populations in the stabler or larger streams and 
rivers. Trout feed mainly on invertebrates such as snails and 



288 

caddises, but since galaxiids are uncommon in the same 
localities it is assumed that they too are items of trout diet. 
The populations in Grasmere Stream consist mainly cif small 
individuals but larger fish (about 2 kg weight) occur on some 
of the deeper, side streams of the Waimakariri and in the main 
river itself. Little is known about the population ecology of 
the species. They spawn in stable, gravelly streams in autumn 
and winter. 

The largest fish in the area are quinnat salmon (Oncorhynchus 
tshawytscha) which, in summer and autumn, migrate up the 
Waimakariri River to spawn in permanent side streams. They are 
aggressive, and drive trout off their territory. They may be 
5 kg or more in weight. The spent fish may be seen, as late as 
May, stranded in shallows and providing food for black-backed 
gulls. Some information about salmon spawning is included in the 
report by Bullivant et al. (1955). 

Birds occurring commonly in and near the streams are black 
shag (Phalacrocora,x carbo), the grey and mallard ducks (Anas 
superciUosa and A. platyrhynchos) and, especially in the Waimakariri 
and Poulter Rivers, the paradise she lduck (Tadorna variegata) and 
canada goose (Branta canadensis). The latter breed mainly in the 
Poulter and Esk valleys, frequent the lakes and migrate to Lake 
Ellesmere. Along the larger rivers black-fronted terns (ChZidonias 
hybrida) hawk for insects in summer. Other birds. breeding in the 
riverbeds are noted in section 21. 

To summarise, the stream faunas of the Cass region are now 
tolerably well known although there are substantial gaps in 
our taxonomic knowledge of the Coleoptera and Diptera. Most 
zoological studies have focussed on the larger, more common 
species and only in recent years has an attempt been made to 
consider the faunas in an ecosystem context. Because such a 
variety of accessible streams and rivers are found, Cass 
provides many opportunities for stream biologists and it is to 
be hoped that their research will continue to expand. 
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20. BIOLOGY OF THE FAUNA OF LAKES AND TARNS 

V.M. Stout 

The Cass region has numerous hollows and depressions 
containing a variety of lakes and tarns which form a conspicuous 
feature of the area. They provide a range of habitats for an 
interesting fauna and flora. They show similarities to lakes and 
tarns in other mountain valleys, such as the Rakaia, on the 
eastern side of the Southern Alps, but effects of, for example, 
origin, catchment, altitude and climate cause some pronounced 
differences from lakes and ponds in many other parts of the 
country, particularly those in the North Island. 

The lakes (Table 20A) a.re all relatively shallow, well 
mixed, and have low concentrations of most plant nutrients. In 
spite of sometimes low temperatures, several support a ''.Luxuriant 
growth o.f rooted aquatic plants on or among which lives an animal 
community composed predominantly of snails, insects and fish. 
As is often found in New Zealand freshwaters, neither this 
community, nor those of the open water plankton and bottom mud, 
include a large number of species, but there may be high numbers 
of individuals of a species. Because of differences in, for 
example, size, origin and catchment, there are interesting 
differences between the individual lakes and tarns, reflected in 
the animals and plants present. The lakes may undergo pronounced 
seasonal and year to year variations which make determination of 
long-term changes di£ficult. 

Public interest in the lakes has been principally for 
recreation, especially fishing. Several (notably Grasmere and 
Marymere) have trout populations of particularly good quality 
fish and are well known to sports fishermen. Lake Grasmere is a 
Wildlife Refuge, and large numbers of birds may often be seen on 
and around the lake. 

From the establishment of the Field Station at Cass, interest 
in the lakes, tarnsu swamps, and other freshwater habitats of the 
area has been shown by visitors to the Station, especially 
university biologists. In his introductory description of the 
Field Station, Chilton (1915) points out the proximity of 
Lake Sarah in particular, and the potential interest of the 
neighbouring lakes and swamps. Earlier research, especially 
under the tutelage of Professor E. Percival, was principally on 
stream faunas. · 

At the present time, freshwater habitats are being actively 
studied, with research on lakes and tarns (especially Lakes 
Grasmere, Pearson and Sarah), including several theses based on 
the lakes, and regular field trips with groups of senior under
graduates. 

r 



TABLE 20A: GENERAL FEATURES OF THE LAKES 

(Compiled partly from Gage (1959), Irwin (1975) and Stout (1969b)) 

Vagabonds 
Lake Blackwater Grasmere Hawdon Letitia Marymere Pearson Sarah Inn 

Origin Glacial Glacial Glacial Glacial GlaQial Glacial Glacial Glacial 
and and and and and 

alluvial alluvial alluvial alluvial alluvial 

Catchment Tussock Agriculture, Tussock, Tussock, Tussock, Tussock, Tussock Tussock 
tussock, scree scree, scree, scree 

native forest native forest native forest N 
I.D 
N 

Altitude 
610 583 576 589 616 607 579 610 

(m) 

Area 
0.15 0.63 0.30 0.28 0.23 1.79 0.20 0.02 

(km2
) 

Maximum 
length 0.6 1.5 1.0 1.5 0.7 3.7 0.7 0.2 

(km) 

Maximum 
depth ? 15 .0 4.0 15.0 6.0 17.0 6.7 c.1.0 

(m) 

_________ ,, .. '(,s,0G 07 N · ,-we,✓-•~,--~---

.. ~ 
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Earlier Research 

Most of the earlier work was on the systematics, general 
biology and life-histories of the animals, especially of the 
insects. Hilgendorf (1918) recorded insects from Lake Sarah 
ahd its associated swamps. He mentioned the common backswimmer, 
Anisops, and dragonfly (Odonata) nymphs, including the giant 
Uropetala (the largest dragonfly anywhere) and Somatochlora 
(now Procordulia) smithii, and the two damselfly nymphs Lestes 
colensonis and Xanthocnemis zealandica, as well as midge (Chironomus) 
and cranef ly (Tipulid) larvae. Uropetala was studied in more 
detail by Tillyard (1921) and Wolfe (1949, 1953). The Procordulia 
populations in Lake Sarah are at present being studied by a 
doctorate student, Ken Deacon. 

The life history of the large freshwater mussel, HyrideUa 
menziesi, which may be common in the mud at the bottom of the 
lakes, was studied in Lake Sarah by Percival (1931). He found 
that the glochidia larvae of the mussels parasitised the 
young stages of the small native fishes (Galaxias brevipennis 
and Gobiomorphus breviceps) in the lakes. Further studies on 
the mussels from the lakes were later undertaken by Pilgrim 
(1947). 

The first investigation of the open water of one of the 
lakes was a study of the phytoplankton of Lake Sarah undertaken 
for a masterate thesis by Elizabeth Flint (1935, 1938). She 
collected 13 samples over 18 months, and compared seasonal 
variations in the phytoplankton with temperature and chemical 
changes of the lake water. Her results will be considered in 
more detail later, when the biology of the lakes is discussed. 
She found that Lake Sarah had a phytoplankton unusually rich 
in desmids, and with a seasonal succession from an increase in 
the number of diatoms ( such as AsterioneUa) in spring to green 
algae, and the blue-green alga Aphanocapsa especially at the end 
of the summer. Flint compared her results with those of 
Pearsall (1932) for the English lakes, as the lakes of the Cass 
region have apparent similarities to those of the glaciated 
English lake district. She found higher phosphate but lower 
nitrate values in Lake Sarah than in the English lakes, and 
several similarities in the phytoplankton. 

Next, from March, 1947, until November, 1949, Percival and a 
graduate student, Gwyneth Parry, studied the nearby, larger, 
Lake Pears9n, and compared the results with a parallel study of 
Lake Lyndon in the Rakaia catchment. They took four-weekly 
samples from the deep basin of the lake, opposite the fishermen's 
cottages. Percival investigated seasonal variations in the zoo
plankton, including relative numbers at different depths, finding 
most plankton in deeper water during the daytime. He found that 
the zooplankton was dominated by the small crustaceans Bosmina 
meridionalis (Cladocera) and the more active BoeckeUa hamata 
(Copepoda), together with four species of the minute, cilia-
propelled, transparent rotifers, which are common animals in the 
plankton of lakes. Bosmina was most common during the spring and 
summer, and BoeckeUa in winter and spring. It is particularly 
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interesting that Percival did not record the other common 
plank tonic cladoceran, Ceriodaphnia dubia, from Lake Pearson 
(although it was present in Lake Lyndon) , as Ceriodaphnia is now 
common in Lake Pearson, especially during the summer. Parry 
studied the related chemistry of the lake water and (as Flint 
found for Lake Sarah) found low values of all the plant nutrients 
investigated, except silica. This work is more fully described 
by Parry (1948), Percival (1948, 19~9, 1951) and Stqut (1969a). 

' ' '. . ' ' ; 

Enquiries from Percival, arising from his work on the lakes, 
including his interest in the fish populations, stimulated the 
publication of a paper by Gage (1959) on the origins of several 
Canterbury lakes, including those in the Cass region. He 
considered that they have mostly been formed as the result of 
glacial activity, but some have been dammed up by more recent 
shingle fan formation (see Table 20A and section 5). 

Recent Research 

In the succeeding years, further theses have been undertaken 
at leqst partly in the Cass area, including those of Rowley-Smith 
( 1962) on the cased caddisfly, Triplectides obsoleta, whose larvae 
live among rooted aquati6 plants; Woods (1967) on the bullies, 
Gobiomorphus; Staples (1971, 1975) on the upland bully, G. breviceps, 
which is common in the lakes; Ramsay (1972, 1974, 1976) on the 
heterotrophic bacteria of the open water, aquatic plants and mud 
in Lake Grasmere; and Greig (1976) on the algal growth and mayfly 
(Deleatidium) population on the stony southwest shore of the same 
lake. At present another thesis student, John Stark, is studying 
the animals living on the rooted plants in Lake Grasmere. With 
the introduction of small research projects for the final year 
of the B.Sc.(Hons) degree, several projects have investigated lakes 
in the vicinity of Cass, such as that of Crumpton (1968) on the 
invertebrates and the food of the bullies in the shallow bay at 
the north end of Lake Pearson; Chamberlain (1970) on diurnal 
vertical movements and Mason (1971) on patterns of horizontal 
distribution of the zooplankton in Lake Grasmere; Holmes (1973) 
on the population of BoeckeUa dilatata in the zoo plankton of Lake 
Marymere and Jamin (1976) on the animals living in the bottom mud 
of Lakes Grasmere, Sarah and Letitia. 

Recent and current research on the lakes by Flint (1975), 
Goldman (1972) and myself (Stout 1969, 1972, 1975), including work 
being prepared for publication by both Dr Flint and myself, has 
included a five-year intensive study of Lake Grasmere and a 
two-and-a-half year study of Lake Pearson, together with a recent 
short, comparative survey of the chemistry, bacteria, phyto
plankton and zooplankton of all the lakes in the Cass region. 

The identification and knowledge of the biology of animals 
living in the Cass lakes and tarns is helped by a number of 
additional publications. The triclads (flatworms) have been 
studied by Nurse (1950), and Russell (1960) published a checklist, 
with localities, of New Zealand rotifers {whose identification 
can be undertaken with the help of Ruttner-Kolisko (1974)). 
Brinkhurst (1971) and Marshall (1975) include keys to freshwater 
oligochaetes, and Mason (1974, 1975) describes several leeches 
from the area. The species of BoeckeUa (Copepoda) are reviewed by 
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Bayly (1964) and the ostracods (small bivalve crustaceans) by 
Chapman (1963) and Barclay (1968), and a book by Chapman and 
Lewis, to be published shortly, should greatly help with the 
identification of freshwater Crustacea. For the insects, 
Penniket (1966) gives a key to the Odonata, Young (1962) to the 
Corixidae and Notonectidae (waterboatmen and backswimmers) and 
Ordish (1966) to the Dytiscid beetles, while Dumbleton (1968), 

, Forsyth (1971) and Freeman (1959) discuss Culicidae (mosquitoes) 
and Chironomidae (midges). There are keys and notes on the 
molluscs by Winterbourn (1973), and on the fish by McDowall 
(1966, 1970, 1975). 

The background on which our knowledge is based having been 
described, I shall now discuss the main characteristics of the 
lakes, and then of some of the tarns, of the Cass region. 

Lakes: Physical Conditions 

The lakes in the area are Blackwater, Grasmere, Hawdon, 
Letitia, Marymere, Pearson, Sarah and the much smaller Vagabonds 
Inn (Table 20A). The three closest to the field station (Sarah, 
Grasmere and Pearson) are the best known and much of the 
following account will refer to them; Hawdon and Marymere lie 
close together but are very different from each other; Letitia 
(north of the Waimakariri River) and Vagabonds Inn (south from 
Lake Marymere) have been studied less, and almost nothing is 
known of Lake Blackwater. 

The lakes are mostly glacial in origin. Blackwater, 
Marymere and Vagabonds Inn occupy large kettlehole depressions 
in moraine or glacial outwash gravels, although Marymere has rock 
walls on the east and west (Gage 1958, 1959). In the other 
lakes, glacial hollows are modified by more recent alluvial 
deposits. Sarah is mostly enclosed in moraine and other glacial 
deposits, but alluvial fans reach the lake on the south-west and 
west sides; Grasmere is more extensively blocked by the Cass and 
Ribbonwood alluvial fans, al though partly bounded by moraine and ~ ! 1 

outwash deposits, with a rock ridge on the northeast; whereas 
Pearson has its basin much modified by post-glacial fans (which 
almost divide the lake into two) and has only a small encroach
ment of glacial outwash deposits at the north end. Both Hawdon 
and Letitia are ice-excavated hollows in bedrock; Hawdon is 
blocked by glacially deposited gravels, and recent swamp deposits 
at the north end, and Letitia by moraine and outwash gravels, 
together with stream aggradation at the outlet end. 

The bedrock is predominantly greywacke, which influences the 
conditions in the lakes because it is resistant to weathering and 
the leaching of nutrients, but has a rich silica content. The 
catchments of the lakes are mostly covered with tussock grassland, 
usually with some matagouri (Discaria toumatou) scrub and are grazed 
by sheep and cattle. There are patches of mountain beech forest 
alongside Lakes Grasmere, Letitia and Marymere. Grasmere has the 
most developed catchment, with the best land for agriculture 
(including legume crops and irrigation) and it will be prudent 
to watch for any effects of these developments on the lake. 

Most of the inflow to the lakes is by seepage through the 
gravels, sometimes entering as underwater springs, for example 
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in Grasmere and Pearson. Marymere and Vagabonds Inn have no 
significant inlet or outlet streams. Streams flow into 
Blackwater, Grasmere, Sarah and sometimes into Pearson, although 
the flow from the Grasmere outlet stream to Lake Sarah is now 
largely blocked by stands of raupo. Lakes Grasmere, Rawdon, 
Letitia, Sarah and sometimes Pearson have outlet streams. All 
the inlet and outlet streams are small. A study of some of the 
inflows to Lake Grasmere (Stout 1972) showed that variations in 
the nutrient content of the inflows were reflected to some extent 
in changes in the plankton in the lake. The inlets usually had 
more constant temperatures and higher silica values than the lake 
water; and the inflowing stream sometimes had a greater 
phosphorus content, while a major inflowing spring always had a 
greater nitrate content than the lake. 

The lakes are mostly small and shallow (Table 20A). The 
largest, Pearson, is three times the area of the next largest, 
Grasmere; its maximum depth (17 m) is also greater but the 
average depth (7.3 m) is slightly less than that of Grasmere 
(7.8 m) (Irwin 1972). Rawdon, Letitia, Marymere, Sarah and 
Blackwater are less than half the area of Grasmere, although 
Letitia is as deep (15 m). Vagabonds Inn is an order of magnitude 
smaller again. There are published bathymetric maps of Grasmere 
and Pearson ( Irwin 19 69, 19 70) , and unpublished maps of Marymere 
(Holmes 1973) and Sarah. The lake level, over a year, or period 
of several years, may fluctuate by several metres in Blackwater 
and Marymere, and sometimes by as much as a metre in Grasmere, 
where it is usually lowest in July and August, rising in spring 
due to abundant rainfall and snowmelt. 

Because the lakes are shallow, and exposed to the strong 
winds of the mountain valleys, they do not usually develop the 
gradation in temperature with depth (found, for example, in many 
Westland and North Island lakes) which prevents complete 
circulation of the water throughout the lake and may result in a 
marked decrease in the oxygen content and increase in products of 
decomposition in the bottom of the lake. The Cass lakes are 
typically well mixed and well oxygenated throughout the year. 
However, occasionally, during an exceptionally calm period in 
summer, temperature stratification may develop, and at one such 
time in Lake Grasmere the oxygen saturation of the bottom water 
fell to 36% in a few days. Thermal stratification was found 
between 7 and 9 min Lake Letitia (probably the most protected 
of the lakes) in January 1976 but had broken down by the time of 
the next visit to the lake, in the middle of March (Stout, 
unpublished). Usually the open water of the lakes reaches a 
maximum temperature of not more than 21°c, and a minimum of 3 to 
4°c, but all the lakes may freeze over, partially or completely, 
in severe winters. Annual heat budgets calculated for Lake 
Grasmere have ranged from 8000 to 10,000 cal/cm2

, which is much 
less than those of the large South Island lakes. 

Light penetration may vary greatly, for example in Grasmere 
the Secchi disc visibility (a standard index of the clarity of 
the water) has varied between 0.42 m (in September, after heavy 
rains) and 8.2 m. The average value for Grasmere over a year is 
2.8 m. In Sarah the Secchi disc is usually visible to the bottom 
of the lake (6.7 m). Decreased visibility may be related to silt 
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(due to inflows or wind action) or to plankton density, or both. 

The pH of the lake water is usually close to neutral, except 
at times of algal blooms during February and March when the pH 
has been 8.3 in Grasmere (Stout 1969c) and 8.4 in Sarah (Flint 
1938). The water in Vagabonds Inn is slightly acid, with a pH 
of 6. 3 - 6. 6. Both the bicarbonate alkalinity and the 
conductivity (reflecting the total ionic content of the water) 
have highest values in Grasmere and Rawdon (Stout 1969b), in which 
the alkalinity is about 42 g CaCO 3 /m 3 and the conductivity about 
10 mS/cm. These values, and those for pH, are not particularly 
high when compared with values from some North Island lakes. 
Vagabonds Inn has a markedly low conductivity (1.5 mS/cm) and 
alkalinity (2.6 g CaCO 3/m 3

), among the lowest recorded for any 
lake in New Zealand. The sparse calcium and magnesium contents 
of the water (compared with many lakes overseas (Stout 1969b, 
1975) could affect, in particular, some of the fauna, such as the 
larger crustaceans (Malacostraca) and the molluscs, which require 
calcium especially for their exoskeletons and shells. These low 
values may also make nutrients, such as phosphorus, more readily 
available to the plants by reducing the chelating properties of 
the water. The amounts of nutrients in the water show pronounced 
seasonal variations, related partly to amounts in the inflows and 
partly to amounts used by the phytoplankton. The phosphorus 
content is usually low, and decreases markedly during algal 
bloomsJ but moderately high nitrogen values (up to 0.9 g/m 3 of 
total organic (Kjeldahl) nitrogen) have been recorded at times 
in most of the lakes. An increase in the phosphorus content of 
Lake Pearson apparently caused an increase and some changes in 
the species of plankton, and a decrease in the nitrate content 
of the water, possibly because greater amounts were being used 
by the algae. The silica content is often high (up to 8 g 
SiO 2 /m 3

), especially in Lake Grasmere, large amounts entering in 
the inflows. The high silica values favour the dominance of 
diatoms in the phytoplankton, and there is often a strong 
correlation between the amount of silica in the water and an 
increase or decrease in the diatom populations (Flint 1938, 
Stout 1972). For example, high silica values at the end of the 
winter favour a bloom of diatoms (such as Asterionella) in spring, 
and the bloom in turn causes a drop in the silica level. Goldman 
(1972) investigated the effects of the addition of certain trace 
elements to water samples from Lakes Pearson and Sarah in 
November, 1969. He found stimulation of phytoplankton metabolism 
by a number of the trace elements tested, notably cobalt and iron 
in Pearson and manganese in Sarah. The stimulation was as great 
as that found for any New Zealand lake, and greater than normally 
recorded for the North American lakes which he studied, and 
suggests a possible limitation of growth due to a shortage of 
these elements in the lakes. The results of experiments with 
nitrate and phosphate additions were inconclusive. 

Biology of Organisms in the Lakes 

Very low numbers of viable heterotrophic bacteria occurred 
in the open water, water over the weed (Elodea) beds, on the 
Elodea, and on mud in Lake Grasmere (Ramsay 1972, 1976). Numbers 
of bacteria in the open water varied, during the year, from 55 to 
1020 cells/ml, and were 4 to 34 times less than the number of 
algal cells present. The kinds of bacteria varied considerably. 
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Bacteria tended to increase after zooplankton blooms, but did not 
respond to changes in the phytoplankton. The numbers in the 
water over a major inflowing spring were positively correlated 
with the amount of rainfall during the preceding seven days, but 
those in the open water and over the Elodea beds were not 
correlated. There was some increase in the numbers of bacteria 
in the water over the Slodea during autumn and winter; and 
indica·i:ions of greater bacterial uptake activity on mature and 
moribund than on young leaves (Ramsay 1974). 

The plankton has been the most intensively studied aspect of 
the biology of these lakes. The phytoplankton are dominantly 
diatoms or green algae, and blue-green algae are not common. 
Flint (1975) considers that, according to the kinds of phyto
plankton present, the lakes are mesotrophic, Grasmere and Sarah, 
with diatoms as well as green algae sometimes common and Pearson 
with green algae sometimes common but few diatoms. Grasmere is 
dominated by diatoms such as AsterioneUa formosa., Diatoma sp., 
Melosira granulata var. angustissima and CycloteUa sp., but with 
changes from year to year in the dominant species. Sarah in 
1934-5 had a fairly rich desmid flora, diatoms (such as 
AsterioneUa) and green algae (Volvox., Pandorina., KirchnerieUa) 
(Flint 1938). However, some of the dominant algae had changed 
by 196 3-9, including the disappearance of AsterioneUa and 
KirchnerieUa (Flint 1975). The algae in Pearson have also shown 
several changes over the last 40 years (Flint 1975). There has 
been an increase and then disappearance of AsterioneUa, and an 
increase, especially in the late 1960's, of the small green alga 
Crucigenia truncata. Oocystis, a green alga common during the early 
studies, is still present. Some of these changes may be related 
to the amount of rainfall and inflow from the catchment. The 
phytoplankton of Marymere is also dominated by green algae (Stout 
1969b), perhaps related to the low silica content of the water 
(with a maximum of 0.1 g SiO 2 /m); whereas Rawdon has almost no 
phytoplankton and a correspondingly low chlorophyll content of 
the lake water (up to 1.5 mg Chl.a/m 3

). The highest chlorophyll 
readings have been found in Grasmere (up to 8 mg Chl.a/m 3

; and 
a mean annual value of 4.9 mg Chl.a/m 3

) (Stout 1969b, 1972, 1975 
and unpublished). Seasonal changes in the phytoplankton are 
marked. There is usually a pronounced spring maximum, correspond
ing to a rise in temperature, increased light intensity and 
greater amounts of nutrients, and usually composed mostly of 
diatoms (such as AsterioneUa or Diatoma). The diatoms decline as 
they deplete the silica content of the water, and are followed 
by green algae, which decrease as the phosphorus content of the 
water decreases. With the increase again (from contributions in 
the inflows) of silica and other nutrients, there is often a 
smaller late summer rise in the phytoplankton numbers, usually 
composed of different genera of diatoms ( for example, Melosira), 
and also declining to be followed by an increase in green algae. 
Quite frequently there is also an autumn or winter increase in 
numbers (in Grasmere dominated by diatoms), but chlorophyll 
values are often least in May and June (Holmes 1973, Stout 1972, 
1975). Marked variations may occur from year to year. 

Compared with the majority of lakes overseas, the zoo
plankton of the Cass lakes is notable for the small number of 
species (Stout 1969c, 1972, 1975 and unpublished), but this is 
a characteristic of most New Zealand lakes. Two cladoceran 
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crustaceans, Bosmina meridionalis and Ceriodaphnia dubia are now found 
in all the lakes, except Vagabonds Inn, although Ceriodaphnia was 
not recorded in Lake Pearson by Percival in 1947-8. The larger 
Daphnia carinata (usually occurring in ponds) has been found in 
Letitia and Marymere. Three species of the fast-swimming calahoid 
copepod BoeckeUa occur in the lakes: B. dilatata in Marymere, 
Hawdon_ and Letitia; B. hamata in Pearson; and B. triarticulata 
(typically in ponds) in Vagabonds Inn; there are no BoeckeUa in 
Grasmere, which is interesting as nearly all New Zealand lakes 
contain one species of the genus. The rapidly darting, more pear~ 
shaped, cyclopoid copepods are not common in the plankton, 
although young stages (especially of Eucyclops serrulatus) are found 
in the open water of, for example, Grasmere and Pearson. The 
adults of this species are found predominantly among the rooted 
vegetation in shallower parts of the lakes. Rotifers have the 
most di verse representation in the zooplankton: FoZyarthra vuZgaris~ 
KerateZZa cochZearis, Synchaeta pectinata, FiZinia Zongiseta, Ascomorpha sp., 
EuchZanis sp. and the often carnivorous AspZanchna priodonta are 
found in all or most of the lakes, and other species may be 
present. An interesting member of the plankton community is the 
mite Fiona uncata exigua, which spends the warmer months in the open 
water, swimming with the help of long setae on its legs, but 
lives near or on the bottom mud during winter. Mites are not 
often found in freshwater plankton, but Fiona can be quite 
conspicuous in the open water of Lakes Grasmere, Letitia, 
Marymere, Pearson and Sarah. It is a predator, feeding 
principally on the small cladocerans. Several of these 
planktonic animals may also be found at times in shallow water 
and among the weed beds, especially during strong winds. Mason 
(1971) studied the horizontal distribution of the zooplankton in 
Lake Grasmere, and found that some species tended to be more 
common in the water over the weed areas. The rotifers and Bosmina, 
all poor swimmers, tended to accumulate at the end of the lake 
towards which the wind was blowing, but Bosmina avoided the shore 
and weed areas. Chamberlain (1970) found evidence of vertical 
migrations of some of the zooplankton in Grasmere in April; 
Ascomorpha and, to a lesser extent, cyclopoid nauplii, rose towards 
the surface at dusk, and FoZyarthra moved downwards towards deeper 
water. In the summer, Bosmina and Ceriodaphnia are common, and the 
latter especially may remain abundant during the autumn, but the· 
winter plankton is dominated by rotifers, and aften BoeckeUa 
(Stout 1972, 1975 and unpublished). Different species of rotifers 
are found at different times of the year. B. dilatata populations 
in Marymere decreased during winter, and the reproductive rate was 
related to the chlorophyll a content of the water and the 
temperature (Holmes 1973). 

The vegetation of the shallow shore region depends on the 
substrate, which varies from bare rock outcrops - to stones - to 
soft mud, often with extensive stands of raupo (Typha orientaZis 
for example in Sarah, Pearson and Letitia. On the stony shores, 
exposed to strong wave action, the stones may be covered with 
algae (periphyton). At the southwest corner of Grasmere, the 
periphyton is most abundant in October/November and May, and 
consists mostly of diatoms, especiallySynedra, with little 
seasonal change in species (Greig 1976). There is markedly less 
periphyton at 0.45 m than at 0.25 m. When rooted vegetation is 
present, Isoetes aZpinus is often found in shallow water or on a 
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rocky substrate (for example in Grasmere and Sarah). The 
stoneworts, Chara and NiteUa may be present in depths between 
1-2 m, especially if the bottom is silty, but mostly occur in 
deeper water. In Grasmere they are found mostly below the Elodea 
beds and in places where Elodea is less luxuriant (for example at 
the south end) . Elodea canadensis forms extensive beds in Grasmere 
in depths down to 7-8 m, but Ranunculus fluitans" MyriophyUum propinquum 
and Potamogeton cheesemanii are also present, the Potamogeton dying 
back in winter. Efodea is also present, but forms less extensive 
beds, in Sarah (Flint 1938) and Marymere (Holmes 1973). In the 
latter MyriophyUum is also quite common, and in parts of Pearson 
MyrfophyUum may be more abundant than Elodea, as in the shallow bay 
at the northeast end of the lake, where Potamogeton is also present 
(Crumpton 1968). 

There is an abundant fauna in the shallow water zone, 
especially in the weed beds. This account is based mainly on 
knowledge of Lake Grasmere, and to a lesser extent, Pearson and 
Sarah. As with the vegetation, the distribution of the animals 
depends partly on substrate, which, to some extent, reflects the 
amount of exposure to wind-induced wave action. On exposed stony 
shores, such as that at the southwest end of Grasmere, the 
animals are predominantly those usually found in streams with 
stony beds and not found to any great extent in other parts of 
the lake. These animals include the mayfly Deleatidium, three 
stonef lies, Stenoperla prasina~ Austroperla cyrene and Zealandobius 
furciUatus (Plecoptera) , a caddisfly Psilochorema nemorale and an 
Helodid beetle. The Deleatidium nymphs feed on diatoms and 
detritus, the latter particularly in the summer when diatoms are 
less abundant (Greig 1976). They are unselective feeders, eating 
the most common diatoms present, and assimilate the diatoms with 
an efficiency of 65%, more efficiently than they assimilate 
detritus. The nymphs are present throughout the year; with 
little growth during the winter, but emerging as adults mostly 
in January. They are relatively abundant and probably important 
in the food relationships of the stony part of the shore, but do 
not noticeably reduce the amount of algal growth on the stones. 
Stenoperla and Psi lochorema are both probably carnivores, and 
another predator which feeds on Deleatidium, and other insect 
larvae, in this area is the upland bully, Gobiomorphus breviceps, 
found throughout the lake. A further carnivore is the grey 
flatworm Cura pinguis found on rocks and stones, but also abundant 
on the weeds, such as Elodea. It is probably found in all the 
lakes (Nurse 19 50) . The colonial ectoproct PlumateUa repens occurs 
on stones in deeper water and is also found on Elodea, especially 
at the south end of Grasmere, where the greater exposure to wave 
action and water movement may favour its method of feeding. 
Other caddisflies are found both on the large stones and on weed, 
for example Pycnocentrodes aureola (which makes its larval case of 
small stones) and members of the family Hydroptilidae (Oxyethira" 
Paroxyethira). They are small animals whose larvae make transparent 
cases in the last instar and are more abundant on smaller stones 
and on the weed. The two snails Potamopyrgus antipodarum and Gyraulus 
corinna (Gastropoda) are found in small numbers on the stones, but 
both are very abundant in the weed beds where they are much the 
most numerous macroscopic animals, Potamopyrgus (with either spiny 
or smooth shells) forming dense black clusters on the Elodea. 
Both snails are also found on and in the mud in shallow water, 
and Potamopyrgus extends down to deep water beyond the weed beds 
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where it is the commonest animal present in Grasmere. It 
apparently is present in most of the lakes, but is absent from 
the smaller tarns which become dry in the summer. Potamopyrgus 
and Gyraulus are both probably browsers, and also probably 
constitute important food items for the fish. Leeches 
(PlacobdeUa, Glossiphonia), probably transported by ducks, may occur 
on the stones or weed. A new species of Glossiphonia has recently 
been described from Sarah (Mason 1974). 

Besides Potamopyrgus and Gyraulus, the much rarer native 
sinistrally-coiling snail Physastra variabilis is found on the weed 
in some of the lakes and Lymnaea tomentosa has been recorded from 
Pearson (Pullen et al. 1972). Other common animals in the weed 
beds are the waterboatmen Sigara and Diaprepocoris which feed in the 
mud. They may harbour the parasitic stages of water mites 
(Hydracarina) of which the adults of several species are found 
in the lakes, besides Fiona uncata exigua which itself occurs among 
the weed as well as in the plankton and on the mud. The other 
prominent swimming Hemiptera, the backswimmers Anisops have been 
found on Lake Sarah, at least in shallow water alongside the 
swampy areas, but have apparently not been recorded in the other 
lakes. The pond skater Microvelia (another hemipteran) has been 
found on shallow water at the edge of Sarah. 

Other actively-swimming insects among the weed, but not ih 
large numbers, are the adult beetles Liodessus plicatus., Antiporus 
strigosulus, Rhantus pulverosus and Berosus sp. Caddisfly larvae 
found mainly in the weed beds include also the large larvae of 
Triplectides cephalotes (which may make its case of pieces of weed) , 
Hudsonema amabi Us and Oecetis. Also constructing its case from 
aquatic plants is the larva of an unusual moth, Nymphula nitens, 
an interesting animal which is the only freshwater lepidopteran 
in this country and about which there is little information. 
Insect predators include the damselfly nymphs Xanthocnemis zealandica 
and Austrolestes colensonis and dragonfly nymphs Procordulia grayi, 
living in the weed beds and associated bottom mud in most of the 
lakes. The brightly coloured Xanthocnemis adults may be seen in 
flight on calm, sunny days between November and the end of 
March (Crumpton 1975). Predatory spiders (Dolomedes) are found at 
the edges of several of the lakes, such as Sarah, and may venture 
underwater. Common smaller animals swimming among the aquatic 
plants and on the mud surface include small crustaceans, such as 
the cladocerans Simocephalus vetulus, Chydorus sphaericus, species of 
Alona and the unusual Monospilus dispar, which does not shed its old 
exoskeleton so looks like a cricket umpire; cyclopoid copepods 
(Eucyclops se1?rulatus); and ostracods (Cypridopsis vidua., DaY'u)inula repoa 
and Gomphocythera sp.). Ciliate protozoans, rotifers and nematodes 
present in the shallow water regions have been little studied. 
The small green Chlorohydra (Coelenterata) is often common on the 
weed. Stoneworts (Charophytes) have a sparser fauna than the 
Elodea. 

Found among the weed, but more common in the mud, are tubificid 
and lumbriculid oligochaetes, which can live in the deepest parts 
of the lakes, and chironomid midges (Chironomus zealandicus). Other 
chironomids (Orthocladiinae and Tanypodiinae) are more common 
among the weed than in the deep water mud; as are Tipulid larvae, 
of which several species are recorded by Hilgendorf (1918) from 
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the swamp alongside Lake Sarah. The gnat Culex has been recorded 
from the bay at the north end of Pearson (Crumpton 1968). 
Bivalves may be found in the mud among the weed or in deeper 
water; the small transparent Sphaerium novaezelandiae is more common 
in shallower, and the large mussel HyrideUa menziesii in deeper 
water. The most abundant animals in the mud of the deep zones 
are Potamopyrgus:, Sphaerium and Lumbriculus 0 with lesser numbers of 
Chironomus zealandicus (Jamin 19 76) . Grasmere has greater numbers 
of bottom-dwelling animals than either Sarah or Letitia. The 
species diversity of the animals in the bottom mud is very low 
compared with other countries; and there may be different species 
and densities in different parts of the lake. In Grasmere, there 
was no correlation between numbers of benthic animals and depth 
or percentage organic matter in the mud, but some correlation 
with plant pigment content of the mud, suggesting a relationship 
between the abundance of benthic animals and potential food 
supply. 

No amphipods or isopods were found during the benthic study 
although these crustaceans are common in the benthos, and among 
the weeds, of lakes in other countries. The apparent absence of 
malacostracan crustaceans in the lakes, which may at least partly 
relate to the low calcium values, is a striking feature of the 
fauna. 

According to Shirley Rind (pers. comm.) host animals for a 
large number of internal parasites live in the area. They 
include water birds. Where life cycles of parasites involve 
aquatic intermediate hosts, groups such as copepods, ostracods, 
amphipods and annelids, and the snails Potamopyrgus and Gyraulus 
all harbour larval stages of various helminths. Many of the 
parasites have not yet been listed from the area. 

The fauna of the lakes usually includes two species of small 
native fish, the bully Gobiomorphus breviceps and the lake relation 
of the whitebait, Galaxias brevipinnis (= G. lynx and G. koara). 
Bullies are found particularly in the more weedy lakes (McDowall 
1975) such as Grasmere, Sarah and Pearson, and the young may be 
seen in large numbers in shallow water in the summer. In Lake 
Grasmere, during spring, the bullies feed mainly on Deleatidium 
nymphs during the day (Staples 1975). Galaxiids certainly occur 
in Pearson and Grasmere, and possibly in some of the other lakes. 
The young form shoals in the lake, but the adults may move up the 
inflowing streams (McDowall 1970). Long-finned eels (Anguilla 
dieffenbachii), and probably also short-finned eels (Anguilla 
australis schmidtii) are found in most of the lakes. 

John Enys first introduced brown trout to the area in 1871 
and continued to do so through the 1870's and 80's. In 1875, 
trout were spawning at Mount White (presumably near Lake Letitia) 
and in 1876 Enys caught trout in Lake Grasmere. In 1886 he 
introduced "American" (rainbow) trout (Richards 1951). Both 
brown trout (Salmo trutta) and rainbow trout (S. gairdnerii) live in 
all the lakes (except Vagabonds Inn), but in different 
proportions in the different lakes. The mackinaw, or lake trout 
(Cristivomer namaycush), from North America, was liberated ( as 40 00 
fry) into Pearson in 1907 and is still present in the lake 
although apparently in poor condition as Pearson is quite unlike 
the lakes in which it normally lives (Flain 1971). 
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Fig. 20•1 Animals present in the lake ecosystem. 
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Waterfowl are often abundant on and around the lakes. 
Canada geese (Branta canadensis), paradise shelducks (Tadorna 
variegata), scaup (black teal) (Aythya novaeseelandiae), and grey and 
mallard duck (Anas superciliosa and A. platyrhynchos) are common. 
Black swans (Cygnus atratus) and crested grebes (Podiceps cristatus) 
live on some of the lakes, such as Grasmere, and white herons 
(Egretta alba) are sometimes seen. Shags, gulls (Larus dominicanus 3 

L. buUeri) and terns (Chlidonius hybrida) visit the lakes; and 
pukekos (Porphyrio porphyrio) and other wading birds inhabit the 
shores. The birds greatly enhance the pleasures obtained 
visiting the lakes, although they may also make significant 
nutrient contributions to the water (Fig. 20•1). 

Grasmere is a Wildlife Refuge so that the birds in it are 
protected. The large population of canada geese present at times 
can be a serious nuisance, by feeding on and fouling pasture or 
root crops in the adjacent paddocks. Sheep and cattle also 
affect the lakes both by damage to the shore and additions of 
nutrients, but man, at least potentially, may have a much greater 
effect. 

Biology of Organisms in Tarns 

Less prominent and less well known than the lakes, and yet 
with great variety and of great interest, are a number of tarns 
in the Cass area, ranging in size down to pools in small sphagnum 
bogs. In the mountain valleys they are usually in depressions, 
often kettleholes, in moraine or glacial outwash, such as the 
tarns southeast from Lake Sarah. Frequently adjacent parts of 
the moraine have sphagnum bogs. There are also small rocky tarns 
on the tops of ridges and the mountains (for example on Mt Misery), 
but there are few observations on the biology of these high 
altitude tarns. 

Because of differences in size, shape and situation, there 
are considerable differences in the conditions within the tarns. 
In particular, due to the hot summers, the strong winds and their 
small size, many of the tarns are dry for different lengths of 
time during the summer and autumn; and the length of the dry 
period has pronounced effects on the flora and fauna. The 
numbers present usually vary greatly seasonally, and dense 
populations of different species may succeed one another fairly 
rapidly in response to physical and chemical conditions changing 
much more rapidly than in the lakes. The tarns often have no 
inlets or outlets, the chemical content reflecting the amount of 
water present and becoming more concentrated as the depth 
decreases. The surface of tarns usually freezes in winter and, 
because of their small size, the water becomes warmer than the 
lakes in summer. The aquatic plants may be luxuriant at times, 
especially MyriophyUum and Potamogeton, in contrast to Elodea in some 
of the lakes. There are sometimes dense algal blooms, including 
the filamentous Spirogyra. The dominant animals are often 
swimming aquatic insects which are able to fly, particularly the 
waterboatmen (Sigara), backswirnmers (Anisops) and dytiscid beetles 
(Rhantus pulverosus~ Antiporus strigosulus and Liodessus plicatus - the 
same species as those found in the lakes). Damselflies 
(Zygoptera) and dipterans (chironomids and~Zex) are usually 
present; and occasionally caddisflies (but apparently only if the 
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tarn does not become dry). Dense populations of small crustaceans 
may be seen, particularly the bright red BoeckeUa triarticulata 
(especially in spring) , Daphnia and SimocephaZus (sometimes more 
common in autumn). Molluscs are apparently found only in the 
more permanent tarns, in which Potamopyrgus and GyrauZus may be 
numerous (as in the lakes), and small bivalves present. Fish are 
usually absent. 

Four of the tarns close to Cass were visited at approximate
ly monthly intervals for a period of 15 months during 1960-1, and 
these tarns will be compared. An example of a tarn which does 
not become dry in summer is situated in the morainic deposits at 
the foot of Mt Baldy, close to the stream flowing into Lake 
Grasmere and not far from the Grasmere homestead. It has a small 
inflowing stream and the substrate is predominantly stony or 
sandy, with rushes (Juncussp.) scattered along the shore. There 
was little fluctuation in the water level during the year. The 
surface was frozen in June, and the highest temperature recorded 
was 22°c (in February). Potamogeton was present from November to 
June and at times abundant, with a small growth of MyriophyUum in 
December and of RanuncuZus in March and April. The filamentous 
alga Spirogyra was present from August to February, and formed 
dense mats in the tarn in January. Sigara was the most 
conspicuous animal throughout the year, with lesser numbers of 
Anisops and the three species of dytiscids. Potamopyrgus and 
GyrauZus were numerous. SimocephaZus was present, in greater 
numbers from March until June, but BoeckeZZa was not found. 
Zygopterans, CuZex, caddisflies, watermi tes, the triclad Cura 
pinguis and Pisidium were present, this tarn having the most diverse 
fauna of those studied. 

In contrast to this tarn, two kettlehole tarns in the 
moraine on the St Bernard saddle have no inlets or outlets, and 
a soft muddy substrate, with large rush clumps a prominent 
feature. Both tarns were dry for most of the time between 
February and April, although sometimes water was present in small 
depressions and hoofmarks for a few days after rain. They 
attained a maximum depth of about one metre in August. As with 
the Grasmere tarn, the surface was frozen in June; and the water 
reached a maximum temperature of 23°C in January (when the 
temperature in the Grasmere tarn was only 17°c) . MyriophyUum was 
more abundant (especially in November and December) than 
Potamogeton, and a long-leaved grass (probably GZyceria aquatica) was 
also prominent in the tarn. Spirogyra fluctuated but, in contrast 
to the Grasmere tarn, was conspicuous from April until June, 
appearing soon after the tarn filled with water. Blooms of 
EugZena were sometimes seen when the water level was low. 
BoeckeUa tY'iarticuZata was often abundant in the tarns, especially 
from May until November. It appeared very soon after water was 
retained in the tarns, in depths at least as shallow as 150 mm. 
Daphnia was found in large numbers in March. Sigara, Anisops and 
the three dytiscids were present in approximately equal numbers, 
and less abundant than in the other two tarns; and Zygoptera 
were also found in smaller numbers. No molluscs were seen. 

A small tarn in the moraine to the southeast of Lake Sarah 
remained dry for a longer period (from February until June). 
It lies in a shallow depression with no inlet or outlet and 
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gently sloping shores covered with low growing plants and rushes. 
It reached a maximum depth of 0.77 m (also in August), and a 
temperature of 22°c in January. MyriophyUwn was much more 
conspicuous in this tarn, with dense growths from November until 
February (when the tarn became dry) . Spirogyra was found 
especially in spring (August until November). BoeckeUa 
triarticufota was also abundant in this tarn, especially from 
August until October when it was succeeded by a cyclopoid copepod 
which was common in November and December. In contrast to the 
other tarns, Anisops was the dominant hemipteran, more numerous 
than Sigara and the dytiscids. Zygoptera and Diptera were found, 
but molluscs were again absent. 

Tarns on Long Hill (alongside Lake Grasmere), which have 
been visited occasionally, also have conspicuous populations of 
Hemiptera and Dytiscidae. The water of sphagnum bogs usually 
contains cladocerans and cyclopoid copepods, and their sediments 
can contain numerous nematodes and chironomid larvae. 

The three kinds of tarns thus show quite marked differences 
in the vegetation and the animals, mostly related to the degree 
of permanence of the tarn. Although only the dominant macro
scopic animals have been mentioned, the diversity of the fauna 
is small, and animals found in large numbers in the lakes are 
apparently absent from the tarns. 

Birds feeding on the tarn (and lake) margins include white
f aced heron (Notophoyx novaehoUandiae), stilts (Himantopus himantopus), 
oyster-catchers (Haematopus ostraZegus) and spur-winged plovers 
(Lobibyx novaehoUandiae). Pipits (Anthus novaeseefondiae) are also 
common. 

Research Needs and Changes in the Lakes and Tarns 

This brief survey of lakes and tarns in the Cass area 
reveals many gaps in our knowledge. Several types of freshwater 
habitat are almost unknown, such as the swamps and high altitude 
tarns. We need to know much more about the biology (including 
the food and life histories) and the distribution of most of the 
animals present. Some groups of animals are very little known, 
such as the nematodes and protozoans. We are only just beginning 
to study the lakes and tarns as whole ecosystems, interrelating 
also with their catchments, and we need to know mu.ch more about 
the organic cycling and interactions within the ecosystems. 
Changes have been seen over even the very recent past during 
which the lakes have been studied and we are fortunate in having 
some documentation of conditions 30 to 40 years ago. The earlier 
work suggested that most of the lakes probably had low nutrient 
concentrations and were oligotrophic. Now the majority would 
probably be classed as mesotrophic, with the exception of 
Vagabonds Inn (an internationally recognised Project Aqua 
conservation lake, Luther and Rz6ska 1971) which has an unusual 
fauna and flora, and is probably dystrophic. There have been 
changes in the algal, rooted vegetation and zooplankton 
composition. Some of these changes are possibly related to 
alterations in farming practice. During aerial topdressing 
operations, occasional accidental spills of superphosphate have 
occurred into the lakes. The changes indicate the sensitivity 
and susceptibility of the lakes. With further developments, 
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increased access and the possibility of building developments 
close to the lakes, the future may see some further rapid changes 
in the lakes. Their shallowness, the small size of the outlets, 
and the good light penetration suggest that, for example, the 
addition of nutrients could have pronounced effects. The lakes 
and tarns constitute a tremendous resource for research, teaching 
and relaxation. They have several extremely interesting features 
(such as the problems posed by the Malacostraca and Mollusca), 
and add greatly to the beauty and the enjoyment derived from the 
Cass region. 
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21. THE BIOLOGY OF THE TERRESTRIAL FAUNA 

P.M. Johns 

Early work by Hilgendorf (1918), on the terrestrial fauna of 
the Cass region, which provided a short list of insects and notes 
on other animals, including introduced birds, was followed by 
intermittent collection until the 1960s. These collections were 
useful in taxonomic studies and in some cases provided types for 
new species (noted in the checklist, Section 23). In the 1950s 
several persons associated with the Universities or Museums, 
collected in the area and since then extensive collections of 
certain groups, or habitats, have been made as part of general 
revisions: Bigelow (1967) (grasshoppers); Johns (1964, 1966, 
1969, 1970) (millipedes and cockroaches); Forster ( 1954) 
(opiliones); Forster & Wilton (1973) (spiders) and D. Horning 
(in preparation) (Tardigrada). 

Insects affecting tussock grassland and improved pasture 
were the subject of work by Dick (1940) and in the 1960s 
(unpublished). Except for this and the important study of White. 
(1964) on insects of the valley grasslands and scrub near Cass 
(and subsequent studies by White (1974a,b) and White & Watson 
(1972) on grasshopper populations and diet, and White (1975) on 
insects feeding on Chionochloa seed, in the alpine grasslands of 
the Craigieburn Range), there has been relatively little work on 
the ecology of the terrestrial fauna of any of the main habitat 
types. Burrows (1961) examined insects pollinating Pimelea spp. 
and R. Primack is now undertaking a major study of the 
pollinators of plants in the neighbourhood of the Field Station. 
Lintott (Sections 22, 23 - floristic and faunistic checklists 
this volume) has compiled a list of the gall-forming animals. 
R.L. Nielsen, in 1950, made a short study of the earthworm 
population near the Station. The work of Wood (1972) on 
nematodes of grasslands in the Castle Hill Basin is probably 
applicable also to the Cass grasslands, as is the brief study 
by Molloy ( 19 75) on insects feeding on Celmisia flowers at Porters 
Pass. Burrows (1964, 1968) made brief studies of the ecosystem 
structure of beech forest near Cass, and alpine grasslands at 
Arthurs Pass. The latter is broadly applicable to the wetter 
alpine areas near Cass. No detailed work on vertebrate animals 
has been done at Cass. 

Habitats 

The terrestrial fauna of the Cass region is differentiated 
according to vegetation types, substrate types, altitudinal 
variation and climate. Major habitat types include the forests, 
scrub (valley and subalpine), grasslands (valley and alpine), 
rock debris and scree and riverbeds, but there are many micro
habitats in each, including different parts of the plants 
themselves, soils and different types of terrain and substrata. 
The faunas change with altitude, as broadly described by Johns 
(1969), and the strong rainfall gradient from west to east 
broadly determines the distribution and ecological conditions for 
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many of the species, especially invertebrates. In the account 
below, notes on vertebrates have, been provided by C.J. Burrows. 

Forest Ecosystem 

The microhabitats available to the fauna in the beech 
forests are extremely varied, ranging from green leaves, stems,. 
bark and roots to epiphytic plants, logs in various stages of 
decay, plant litter and soil. Although there are seasonal 
changes in availability of some food materials from the plants 
(including fungi) the evergreen nature of the forests makes for 
a relatively stable environment. No full-scale and detailed 
studies of the quantities of animals or energy in the ecosystem 
have been done but a general picture may be drawn up of ecosystem 
structure (Burrows 196 4) , (Table 21A, Fig. 21 • 1) . 

The cryptic and smaller animals have been little studied, 
but some of the more prominent invertebrate species may be 
mentioned. In the foliage of the beech trees are several moth 
larvae, Hemipterans and flies. The chafer beetles Odontria haUii 
and 0. smithii feed there also. In the moss, liverwort and lichen 
cover on tree trunks are browsers, including the beetle Artystona 
rugiceps, a byrrhid, and the small wetas Isoplectron sp. and 
Pleioplectron sp., the carnivore Amarotypus edwardsii (Carabidae) and 
a few small staphylinids. Some wood borers (the beetles 
Nascioides enysii and Platypus spp.) occur in the forests and their 
depredations can, at times, be fatal to trees. Other wood 
borers, the larvae of several longhorn beetles, terebrionids, 
elaterids and weevils attack only standing dead trees. The bark 
or rotting wood of these also provide important habitats or cover 
for various other animals including the wetas (above), many 
spiders, cockroaches (Celatoblatta spp.) and opiliones. 

On the ground fallen logs provide a wide range of habitats, 
according to their size and state of decay. The longhorn beetle 
and weevil larvae and larvae of the tipulid Leptotarsus albistigmus 
and the long millipede Dimerogonus sp. play important roles in the 
breakdown of the wood. Earthworms often occur in well-rotted 
logs. 

The ground leaf litter is rich in animals, especially some 
groups of smaller animals such as mites,.Collembola, amphipods, 
snails, weevils, tenebrionids, moth larvae and the smaller 
millipedes. A variety of carnivorous carabids, staphylinids 
and other beetles is present. 

In the soil are to be found larvae of tipulids (Leptotarsus 
spp.) , cicadas, chafer beetles (Odontria spp. , Pyronota sp., 
Sericospilus sp.), carabids and staphylinids, as well as earthworms 
and various very small animals. 

The introduced wasp Vespula germanica was present in the 
·forests in moderate numbers in the late 1950s but is less common 
now. 

Among vertebrates found in the forests and in the scrub and 
grasslands, red deer (Cervus elephas) (first introduced, at Mt White, 
in 1907 and erupting to epidemic numbers in the 1930s and 40s) 
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TABLE 21A: MOUNTAIN BEECH FOREST ECOSYSTEM AT CASS 

First Trophic Level 

Dominant plants 
Mountain beech trees 
(foliage,wood,bark, 
roots,flowers,seed) 

Understorey plants 
Beech saplings,shrubs 
(Coprosma), climbers 
(Rubus) 

Ground plants 
Beech seedlings,herbs, 
ferns,mosses,lichens 

Epiphytes 
Ferns,mosses,liver
worts,lichens,algae 

Dead plant material 
Logs, litter 

Second Trophic Level 

Living tissue (herbivores) 
Red deer 
Hare 
Mouse 
Possum 
Birds 
Lepidoptera (moths) 
Diptera (flies) 
Hemiptera (scale insects, 

plant bugs) 
Homopte ra (cicadas, 

aphids) 
Orthoptera (wetas) 
Coleoptera (beetles, 

weevils) 
Hymenoptera (wasps) 
Diplopoda (millipedes) 
Mites 
Nematoda (eelworms) 
Mollusca (snails) 

Red Mistletoe 
Some fungi 

viruses 
bacteria 

Dead Tissue (saprophages) 
Orthoptera (wetas, 

cockroaches) 
Dermaptera (earwigs) 
Diptera (flies) 
Coleoptera (beetles) 
Collembola (springtails) 
Isopoda (slaters, 

pill bugs) 
Amphipoda (land hoppers) 
Diplopoda (millipedes) 
Mites 
Oligochaeta (earthworms) 
Mollusca (snails, slugs) 

Fungi (agarics,polypores, 
yeasts,bacteria) 

Commen sal Fungi 
(Beech mycorrhiza) 

Third Trophic Level 

Living tissue (carnivores) 
Stoat 

Birds * 
(bush hawk, 
morepork, 
bellbird, 
rifleman, 
tomtit, 
greywarbler, 
blackbird etc.) 

Coleoptera (beetles) 
Diptera (flies) 
Hymenoptera (wasps) 
Chilopoda (centipedes) 
Arachnida (spiders, 

opilionids) 
Planaria (flatworms) 

*N.B. most birds are 
omnivorous. 

Dead tissue or animal 
droppings 
(saprophages,coprophages) 
Diptera (flies) 
Coleoptera (beetles) 
Mites 
Fungi (sooty moulds, 

others, 
bacteria) 
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PARTIAL FOOD WEB IN MOUNTAIN BEECH FOREST 
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fly larvae 
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(seed) insects ~predatory 

(moth larvae, \ flies, wasps, 
beetles, beetles,spiders, 
hemiptera, harvestmen 
flies) 
mites 

insects 

\ 

insects 
(springtails, 
beetles, 
cockroaches, 

(cicada larvae / 
grass grubs 
crane fly larvae) 
nematodes / 
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~~ 

fly larvae, wetas) 
mites,amphipods, 
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(blackbird 
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pseudoscorpions 
flatworms 

Fig. 21•1 Food web of organisms important in the mountain beech forest ecosystem. 
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are the largest. Their populations have been reduced very 
considerably since the late 1950s and their adverse influence in 
the forests is only local now. Brush-tailed possums (Trichosurus 
vuZpecuZa) occur widely, but not in great numbers, since beech 
forest does not seem to be prime habitat for them. They also 
range into the scrub and grasslands. Mice (Mus muscuZus) are 
ubiquitous on the forests and, during beech mast years, sometimes 
increase to plague proportions. In 1967 they were present in 
vast numbers. The predators stoats (Mustela erminea) are widespread 
and probably have an adverse effect on birds, though they also 
feed on mice. 

The birds of the beech forests are interesting and varied. 
Present the year round are rifleman (Acanthisitta chZoris), 
bellbird (Anthornis meZanura), grey warbler (Gerygone igata) and, 
especially near the forest margins, tomtit (Petroica macrocephala), 
chaffinch (FringiUa coeZebs) and blackbird (Turdus merula). 
Birds with seasonal migration patterns are silver-eyes (Zosterops 
ZateraZis), which move t::, lower country in winter, long-tailed 
cuckoo (Eudynamis taitensis) and shining cuckoo (ChaZcites lucidus) 
which migrate into the beech forests in summer, parasitizing 
brown creeper (Finchsia novae•-:-seeZandiae) and grey warbler respect
ively. In autumn they leave for islands of the South-west 
Pacific. The red beech forest in the Rawdon Valley is attractive 
to some other birds including robins (Petroica austraZis), parakeets 
(Cyanoramphus auriceps), kakas (Nestor meri.dionaZis) and yellowheads 
(Mohoua ochrocephaZa). The three latter migrate to mixed forests, 
at lower altitudes in Westland, in winter. 

A few kiwis ( Apteryx haastii) and the predatory birds, 
morepork (Ninox novaeseeZandiae) and bush hawk (Falco novaeseelandiae), 
are present in the forests. 

Animals eaten by most of the birds are not known in detail, 
but the main feeding habitats for some birds are: 

Canopy: bellbird, brown creeper, redpoll (CardueZis fZammea), 
silver eye, parakeet, yellowhead, grey warbler, kaka. 

Tree trunk: rifleman, bellbird, tomtit, grey warbler. 
Decayed standing trees: kaka. 
Ground: blackbird., dunnock (PruneUa moduZaris), robin, 

chaffinch, tomtit. 
Aerial fauna: grey warbler, fantail (Rhipidura fuZiginosa). 
Forest margin: chaffinch, tomtit, blackbird. 

Distributions of Forest Invertebrate Species 

The forest invertebrate fauna may be divided into several 
faunules. The western (or Westland) litter faunule (Group 1, 
Johns 1969) is characteristically found in the wet Nothofagus 
soZandr>i forest, seen typically in Arthurs Pass National Park 
north and west of Cass. The litter is rarely dry, the forest 
floor is rich in ferns and mosses, and fallen logs soon become 
soft, after fungal attack, and are often covered by mosses and 
liverworts. This faunal complex finds its eastern limit 
approximately at the 150 cm isohyet (see Section 7). 
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The eastern (Lowland Canterbury) litter faunule (Group 3, 
Johns 1969) is seen in the dry N. solandri forest areas with 
rainfall less than 150 cm/annum. Here ferns and mosses are 
sparse and the fallen leaves, twigs and branches lie undecayed 
for some time and are often dry and bare of moss cover. The: 
forest is open, the litter may be dry on the surface and the top 
10 cm may be only slightly damp, especially during the summer 
months. 

The Cass district also has some elements of two other 
faunules, here reaching their southern limits. They are the 
northwestern and northeastern faunules (Group 2, Johns 1969). 
A few southern species also find their northern limits near Cass. 
The. northwestern faunule is best developed in the Nothofagus fusca 
and N'. menziesii forests of the Hurunui valley, and farther north 
and in the Cass region the species are confined to the small 
stands of these trees or to very favourable sites within the 
N. solandx>i forest. Apart from one widespread beetle, north
eastern species have very patchy distributions extending from 
Marlborough and the Kaikoura district toward Cass. Their 
distributions are paralleled by those of several obligate alpine 
species as is discussed below. 

Within these four faunules, members of the same genus, one 
species in each, may often be found, but they are not close 
relatives. The species of the west are widespread, especially 
to the north and have few close relatives; those of the east are 
much more restricted in their distributions and other eastern 
South Island areas both to the north and south, hold their close 
relatives. A list of the larger and more common elements of the 
western and eastern faunules comprises Table 21B and of the 
northwestern and northeastern, Table 21C. Not all the species 
of a faunule extend to a common distributional limit. The 
eastern millipedes PseudoprionopeUis cinereus and Icosidesmus variegatus 
extend about 6 km farther west than the carabids Megadromus 
antarcticus and Metaglymma moni lifer. These two eastern millipedes 
are found, with the western species, Isoplectron sp. , Mecodema 
rugiceps, Zolus helmsi and Agonum helmsi (among others), along the 
forest edge of the Waimakariri River valley, above the Rawdon 
River to just beyond Klondyke Corner, at the Bealey confluence. 
However, these two species do not penetrate beyond the forest 
edge more than a few metres and presumably live at the forest 
edge only through the prevailing drier conditions. They extend 
further up the Waimakariri valley on the warmer south side than 
on the shaded north side and this is true also for Megadromus 
antarcticus and probably for Isoplectron calcaratum. Likewise 
some western species may extend further east than the bulk of 
the faunule and become assoc.iated with a predomipantly eastern 
faunule. One such species is Ooperipatus viridimaaufotus which once 
extended almost on to the Canterbury Plains (based on pre-1920 
collections), but now, presumably through modification of its 
habitat, is rare at Cass and is seldom found even in Arthurs 
Pass National Park. 

In such cases where the eastern species extend westwards 
and the western eastwards, they rarely meet and coexist with 
their congener or other species occupying the same microhabitat. 
Thus there is a considerable gap in the western area between the 
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TABLE 21B: COMMON INVERTEBRATES OF WESTERN AND EASTERN FAUNULES 

(* denotes species characteristic of the faunule) 

Western faunule 

OopePipatus viPidimaauZatus 

*Iaoaidesmus montanua 
*PseudopPionopeZtis sp. 
ErythPodeamus eahinopogon 

*DitylouPa Ziaaognatha 
D. cothonognatha 
Tongodeamua sp. 
Undescribed genus A & sp. A 

DimePogonus sp. A 

Hemideina broughi 
ZelandPosandPua grociZis 

*IsopZeatPon sp, 

•CeZatobZatta hespePia 

LeptotaPSUB (C.) viPidis 
MetaZimnophiZa unipunata 
M. howesi 

Mecodema rugiaeps 
DigZyrrma aZivinoides 

Agonum he lmsi 
*Zolus helmsi 
OoptePUs tatipennis 
0. Zaevipennis 
Motopsida punaticollis 

DiahPochiZe zealandiaus 
DiahPoahiZe sp. A 

*Pheloneis gPatiosum 
PheZoneis sp. 

Dcwaus helmsi 

Eastern faunule 

*Iaosidesmus vaPiegatus 
*P. cinerous 

Undescribed genus B & sp. B 

*DimePogonus sp. B 

Hemideina sp. (not thoPaaiaus) 
HemiandPus sp. 

*I. calaaPatum 
*PZeiopZeatron simplex 

L. (C.) albistigmus 
*M. palmata 

M. banksiana 

Metaglymma moniZifeP 
*Megadromus antaPatiaus 
•M. enysi 
*M. sp. A 

*M. sp. B 
Holaaspis elongeZZa 
Agonum spp. 

Solenoahilus piaeus 
Mo Zopsida sp. 
DiahPoahile sp. B 

P. intermedium 
Zolodinus zealandicus 
Mimopeus opaaulus 

Lissotes heZotoides 

TABLE 21C: INVERTEBRATES OF NORTHWESTERN AND NORTHEASTERN FAUNULES 

Northwestern faunule 

Meaodema aZZani 
M. sp. 
Megadromus Zobipes 

OdontPia haUi 

Northeastern faunule 

M. fulgidum 
M. aosteZZum Zewisi 
Holcaspis hudsoni 
Aulaaopodua sp. 

Lissotes Petiaulatus 

DityZoum edaphiaa 
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eastern Icosidesmus variegatus and the western I. montanus, the latter 
preferring the colder upper forest edge, the alpine screes or the 
rocky edges of stream beds. The congener of PseudoprionopeUis 
cinereus is extremely rare although widespread in its western 
region. Mecodema rugiceps and M. fulgidum meet rarely and the 
boundaries of Isoplectron calcaratum and Isoplectron sp. must be 
separated by only a kilometre or perhaps less but they have not 
be•en taken together. The broad, bare, shingly riverbeds form 
physical barriers to the obligate forest litter species whether 
they are of the western or eastern faunules. 

Species Variation in the Invertebrates 

In the members of the eastern and western faunules there is 
very little variation seen in the various body structures. Both. 
Icosidesmus variegatus and PseudoprionopeUis cinereus show weak 
morphological clines extending up the Waimakariri valley and no 
variation has been seen so far in western species. In sharp 
contrast are the variations seen in many of the northeastern, 
northwestern and southern species. The soil-dwelling millipede,. 
Dityloura unicostata, shows a very extensive cline, reaching from 
the Waimate district of South Canterbury to Cass (Johns 1970). 
Its congener, of similar habits, D. edaphica, reaches from 
Wellington to the vicinity of Cass but it has a much less 
developed cline. The carabid beetles also show variation, but 
one species, Mecodema costeUum, placed within the north-eastern 
group, reaches from Stephens Islandr down eastern Nelson and 
western Marlborough to Cass (Townsend 1965), but it is known only 
from very isolated populations, all of which are considered 
sufficiently different to warrant recognition as subspecies. In 
the Cass region the species is also very restricted, having three 
populationsu of which one now is possibly extinct. One 
population is confined to an area of about 0.5 km by 50 m, but 
the other is in a mere 200 square metres. Further north in the 
Hurunui Valley the species is much more common and more widely 
distributed. The very widespread Mecodema fulgidum also shows 
considerable variation within its range. Reaching from northwest 
Nelson through Marlborough to mid-Canterbury its variation is 
greatest in the eastern mountains of Canterbury. It is very 
common at Cass ·and it is found in both the dry Nothofagus forest 
and in the open tussock and scrubland on relatively stony soils. 

The present distribution patterns of invertebrate animals 
are the result of the various species' adaptations to 
environmental parameters, both physical and biological. Such 
adaptations are reflected in morphological variation between one 
population and another nearby. The western species show little 
variation, which suggests that in this region of high rainfall, 
high humidity and even temperatures there is little environmental 
stress. Members of the eastern faunule, however, do show some 
morphologicalp and presumably also physiological, changes, the 
former as slight variation between adjacent populations within 
the mountain valleys but there is little or no variation over the 
foothills and plains. Very distinct differences are seen in the 
isolated, small populations of the members of the northwestern 
and northeastern faunules, features indicative of the breakup of 
morphoclines in formerly continuous distributions. The 
combination of strong, continuous morphoclines in a few species 
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extending from the south, weak continuous morphoclines in the 
eastern species and apparent retraction in the distributions of 
species to the northwest and northeast may be responses to 
changing environment in the late Holocene. Perhaps they 
indicate drying and cooling. 

Riverbeds 

Flowing past Cass are the broad, braided Waimakariri River 
and its tributary, the Cass River. The very stony beds of 
rounded greywacke boulders and stones and the derived sands and 
silts provide what at first sight appears to be a very barren 
habitat for animals. The habitat appears not only rather 
stark but is also subject to intermittent flooding and changes 
in the river channels. On the older, stable terraces 
low, creeping vegetation provides a habitat for another set 
of animals. 

The open riverbed habitat (shingle, sand and silts) is 
remarkable for the great number of very active predators, fast
running spiders and tiger beetles and the smaller carabid and 
staphilinid beetles. There is also the very active saldid bug. 
These are the predators of many freshwater insect adults, 
especially of Trichoptera, Ephemeroptera and Diptera: 
Ephydridae, Empididae, Chironomidae and Tipulidae. The larvae 
of these all live in the adjacent stream or in the fine shingle 
and sand at the water's edge. The smaller carabid and tiger 
beetles are also found on the .drier shingle and sand away from 
the water. Here they predate various small diptera derived from 
nearby vegetation or attracted to the drying algal film around 
temporary pools. Neocicindela austromontana., Saldula sp. and 
Maoricicada hamiltoni all have cryptic colouration developed to 
some degree, which makes them difficult to see on the shingle. 
The cicada uses the area as a preferred singing site and the 
tiger beetle as a larval habitat and feeding area. Species 
known to be in the Cass district are listed in Table 21D. 

The stabilised areas (vegetation mats) of the riverbeds 
are generally a mosaic of fine stones, sands or silts which are 
either bare, have variously developed encrusting lichens or a 
mat vegetation of Raoulia spp. , Epi labium spp. , Festuca sp. , Paa sp. , 
Luzula sp., Muehlenbeckia and others. Raoulia forms very dense 

mats and supports a wide variety of spiders, mites and insects. 
It is in such areas that the various butterflies, moths and 
cicadas are most noticeable. The butterflies, Lycaena botdenarum., 
Zizina otis and HeUeia salustius, are usually abundant during the 
summer months and the caterpillars of the first may well be 
associated with the numerous ant colonies. Several of the 
predatory water's edge carabids are also present as is 
Neocicindela austromontana and the other tiger beetle, N. feredayi 
which prefers the silty areas. Some of the insects which prefer 
the stable soil of the tussock grassland may also be present. 
The faunule is one of the least known in the region (Table 21D). 

Vertebrates of the riverbeds include hares (Lepus europaeus), 
in some places rabbi ts (OY'yctolagus cuniculus) and several bird 
species which breed and feed there in the summer or use the open 
riverbeds the year round as resting habitat relatively free from 
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TABLE 21D: INVERTEBRATE ANIMAIS OF DRY RIVERBEDS 

Species of the unstable 
riverbed shingle and sand 

Carabidae 

Actenonyx bembidioides 
Bembidion maorinum, B. dehiscens, 
B. charile, B. tairuense, 
B. chalceipes, B. achonoderwn, 
B. hokitikense, B. parviceps 

Cicindelidae 

Neocicindela austromontana 

Staphylinidae 

about five species 

Ephydridae 

Seate Z la sp. 
NeoscateUa vittithorax 
Ephydrella aquaria 

Tipulidae 

Erioptera (Trimicra) pilipes 
Aphrophi la neoze Zandica 

Cicadidae 

Maoricicada carrrpbeZZi, 
M. hamiltoni 

Saldidae 

Saldula sp. 

Species of the 
riverbed mat plants 

Carabidae 

Actenonyx bembidioides 
Scopodes prasinus, S. edi»ardsi 
Bembidion hokitikense 

Lepidoptera (see also Fauna! Check-
list, Section 23) 

Lycaena boldenarum 
Helleia salustius 
Zizina otis 

Cicadidae 

Maoricicada campbelli 

Also weevils, plant bugs, 
acalypterate Diptera and 
Hymenoptera 
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human disturbance or predation. Among the birds which migrate 
into the area in spring, to breed in the riverbeds, are dotterels 
(Charadrius bicinctus), oyster catchers (Haematopus ostralegus), black
billed gulls (Larus buUeri) and black-fronted terns (Chlidonia 
hybrida). The terns and gulls form small breeding colonies, but 
dotterels and oyster catchers occur in pairs relatively well
separated. The terns, in particular, are conspicuous, skimming 
aquatic insects from the stream surfaces .. 

The other birds of riverbeds are more permanent residents. 
Paradise shelduck (Tadornia variegata) often breed on the margins 
of riverbeds, usually in small, stable streams with some cover. 
They, too, breed in isolated pairs, but the young birds flock 
together in quite large numbers in autumn and spring. Canada 
geese (Bran ta canadensis) breed colonially, mainly in the Poulter 
riverbed, but their distinctive honk and the markedly different 
cries of male and female shelducks, may be heard almost anywhere 
in the riverbeds at other times. Pipits ( An thus novaeseelandiae) 
are also common in the riverbeds. Black-backed gulls (Larus 
dominicanus), which are often seen crossing the main divide of the 
island, are present in small numbers in summer. 

Valley Grasslands and Scrub 

These major habitats are very extensive in the Cass district. 
They have been much modified by fire, grazing, the influx of 
adventive plants and some animals, and by topdressing and over
sowing. The fauna is generally composed of widespread native 
species and, at lower altitudes in the valleys, by a few 
introduced species which are mainly dependent on introduced 
plants. Some of the introduced animals are virtually confined 
to places of settlement. 

The fauna of the valley grasslands and scrub areas (with 
emphasis on the former) was the subject of extensive study by 
White (1964), who used trapping procedures to collect a large 
number of insects, some errant from aquatic and forest habitats, 
but most dependent on the grasses, forbs and shrubs of the 
grassland and scrub vegetation. White did not distinguish 
between grassland and scrub (or different types of grassland or 
microhabitats in them), though there are likely to be differences 
in their faunas. 

White's work was mainly aimed at discovering the possible 
economic importance of insects, either beneficial or detrimental 
to the grasslands. He established the great prominence in the 
fauna of Lepidoptera, Hymenoptera and Diptera (though none of 
the latter was identified). Many species of Psocoptera, 
Hemiptera and Coleoptera were also present, though White 
considered the beetle fauna to be depauperate. The study would 
be a good basis for work on ecosystem and population ecology of 
the animals of the open grasslands and scrub. 

White recorded 222 species of Lepidoptera. Of the moths 
present in large numbers, the following are probably important 
in having detrimental effects on the grasslands: Atomotricha 
sordida, Glyphihypteryx spp., Orocrambus spp., Scoparia submarginalis, 
S. sabuloseUa, Leucania spp., Persectania spp. (including those 
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considered now to belong to another undescribed genus), and 
Wisea:na cervinata. The larvae of Wisea:na spp. live in the soil and 
feed there and above ground. They became serious pests after 
aerial topdressing and oversowing of tussock areas in the 1960s. 
White felt that species of Orocrconbus and Persectania ( the latter 
probably more important) were likely to have significant 
deleterious effects on the grasslands, by grazing foliage. It 
is interesting that the four species of Persectania, present in 
large numbers, had peak adult flight periods at different times 
in summer, suggesting temporal differences in their niches. 
White was able to show that there had been some changes in the 
moth fauna since 1940. Both Hilgendorf (1918) and Dick (1940) 
recorded Orocrconbus ramoseUus as cormnon at Cass, but few were 
present in 1961-62. o. flexuoseUus was the chief tussock moth 
in 1918 and 1940 and is now less abundant, though still common. 
These two moths seem to have been replaced by o. vitteUus which 
was not recorded in 1918, was abundant in 1940 and was extremely 
numerous in 1961-62. Perhaps the change coincides with the rise 
to importance of the grasses Agrostis tenuis and Anthoxanthwn odoratum 
replacing, to some extent, Poa colensoi and Festuca novae-zelandiae. 

The present studies by Richard Primack indicate that the 
moths are very important pollinators of plants so that they have 
some beneficial effects, also. 

Other animals with adverse effects in the grasslands are the 
larvae of the beetles Costelytra zeala:ndica, Odontria spp. and 
Pyronota spp. which feed on plant roots. White found them to be 
present in variable numbers~ 

Some other animals feeding on plants are the Hemipteran 
Nysius huttoni, which is very common, cicada nymphs ( root feeders) , 
aphids and elaterid beetle larvae (root feeders). 

Most of the Hymenoptera (of which White recorded 270 species) 
are parasites on Diptera, Hemiptera and Lepidoptera, although few 
direct instances of parasitism are known at Cass. Many of the 
Diptera, also, either parasitise or prey on other insects, 
especially Lepidoptera (see list of tachinid flies in Section 23). 
Probably more than 30 species each of ichneumon wasps and bristle 
flies occur in the Cass district. 

The larger tussocks support a wide variety of Diptera 
especially Nematocera whose larvae live in the damp soil. 
The small bibionid Philia insolita has agglomerations of its larvae 
in the dead tussock tillers. Various larvae, especially of the 
melolonthids Odontria smithi and Pyronota sp. and the tipulid 
Leptota'l'sus sp., may well be the prey of the carabid Meoodema fulgidwn. 
Within the tussock, apart from the numerous species of 
Lepidoptera, common animals include the shorthorned grasshopper 
Phaulac'l'idiwn ma'l'ginale, the · 1onghorned grasshoper ConocephaZus 
bilineatus and the cricket Pteronemobius sp. Also present are 
several plant-bugs; Cicadellidae and the cicadas Kikihia subaZpina, 
K. angusta and Rhodopsalta cruentata. Predatory hemiptera are · 
represented by large numbers of a riabiid and Cematulus nasalis. 
At least two species of Tephritidae (= Trypetidae) (fruitflies) 
are present in great numbers over the summer. Six of the 
14 species in New Ze~land have Cass as their type locality. 



323 

The scrubland has a mixture of the forest and tussock 
species together with those associated with the shrub plants. 
The ground fauna includes the rather uncommon gecko (Hoplodactylus 
pacificus) and skink (Leiolopisma sp.) and also the beetles 
Mimopeus opaculus, Megadromus enysi, .. Demetrida nasuta and D. dieffenbachi 
and the scarabeid Odontria smithi. In all these areas bare soil 
occurs and these are the sites for the larvae of the very active 
tiger beetles Neocicindela latecincta and the nests of the solitary 
bees Halictus sp., the latter being an important pollinator of 
all the plants. 

The modification of the tussock grasslands and scrub for 
farming purposes has greatly reduced the diversity of insects 
present. Those species which are dependent on the larger 
tussocks and shrubs for food and shelter disappear and with the 
disturbance of the soil Mecodema fulgidum, Megadromus antarcticus and 
M. enysi become very uncommon. Introduced species become locally 
abundant and this is especially true for the sow-bugs (Isopoda) 
and millipedes. The latter, especially the species Cylindroiulus 
britannicus, has distribution centres which seem to be based on 
the old stage coach, horse changing stations which now have 
concentrations of introduced trees nearby. Cass, the Bealey 
and Enys stations are particularly notable for this species. 
J.D. Enys recorded the first bumble bee (Bombus sp.) seen in the 
area in 1886. They are now quite common and important 
pollinators of clover. Honey bees are present in summer, as 
hives are brought into the area. 

In a report (unpublished), R.L. Nielson of Rukuhia Soil 
Research Station, in 1950, noted that the native earthworm 
Octochaetus muUiporus was common in the valley grassland soils. 
In the area near the Field Station, where wood ash had habitually 
been thrown out, the soil pH was 6.6 (compared with 5.5 in the 
grassland soils some distance away) and there was 3 times as 
much calcium and from 2.5 to 10 times as much phosphorus. The 
introduced earthworms AUolobophora caUginosa, Lumbricus rubeUus 
L. castaneus were abundant near the station (a total of 126.6/sq.m), 
whereas, at the foot of Sugarloaf they were much less common 
( 26. 2/sq. in.) (L. rubeUus was not present here) . Nielsen also 
found the introduced earthworm EisenieUa tetraedra in soils on 
the margin of Lake Sarah. 

The larger vertebrates of the valley grasslands and scrub 
include domestic stock, hares, rabbits (in some places) and 
hedgehogs (Erinaceus europaeus). Hares can be very numerous. 
The first hare noticed in the district was recorded by J.D. Enys 
in 1885. The birds most commonly found in the grasslands, 
feeding on insects there, are pipits, starlings (Sturnus vuZgaris), 
skylarks (AZ@-da arvensis) and magpies (Gyrrrnorhina hypoZeuca). 
Harrier hawks (Circus approximans) circle the area looking for 
carrion. The scrub areas have other birds, particularly yellow
hammers (Embiriza citrine Ua), redpol ls (Cardue Us fZammea) and 
goldfinches (C. cardueUs). 

The Subalpine and Alpine Zones 

The broader aspects of these zones in Canterbury have been 
discussed by Johns (1969). Their invertebrate faunules, too, 
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may be divided into several subgroups, each broadly related to 
the summer desiccation and tJmperature extremes. To the west 
the alpine region is wet and misty, with abundant summer 
rainfall and even summer temperatures. Towards the east the 
ranges progressively experience greater extremes. Periods of 
drought are experienced and diurnal rock or bare soil s~rface 
temperature changes may cover a range between -5° to 30°c, under 
very dry conditions. Within each area the environment may be 
divided into three general types. 

1. Rock outcrop and debris (alpine) 
2. Grasslands above timberline (alpine, subalpine) 
3. Mobile screes, generally near timberline 

>1400m 
>1100m-<1500m 
>1100m 

Vegetation zones are generally better developed in the west than 
in the east where scree habitat has expanded at the expense 
of the tussock and herbfield zone and the upper forest. Few 
known species distinguish the higher rock and debris habitat 
from the scree habitat and their faunas are thus considered 
together. They are easily distinguished, by their species 
composition, from the grassland fauna. Species known to .be in 
these zones are listed in Table 21E, and apparently obligate 
alpines are marked. 

Alpine Grasslands 

After the snows have melted, this area has large numbers of 
grasshoppers Paprides nitidus or Sigaus austra'lis, and at the bush 
edge the very abundant and noisy Maoricicada cassiope. Large 
black tipulids, Leptotarsus montanus and its kin, are also present. 
The grasshoppers are known to cause damage to the r!hionochZoa 
grasses and CeZmisia daisies (White 1974a,b, 1975), and the 
egg-laying habits of the cicada certainly leads to damage of 
the twigs and branches of various shrubs. 

Flies of the family Tephritidae, as in the lower grasslands, 
are abundant and their larvae are known to live in CeZmisia flower 
heads, often doing great damage with subsequent loss of seed 
production (Molloy 1975). Other, often locally abundant species 
are representatives of Diptera: Cecidomyidae, Bibionidae, 
Tipulidae (Hexatomini), Mycetophylidae; Coleoptera: Elateridae, 
Curculionidae, Scarabaeidae (Odontria); Hemiptera: Nabiidae, 
Pentatomidae, and Arachnida: Laniatores. 

Based on Burrows' (1968) brief study of the faunal 
composition of the alpine grassland ecosystem at Arthurs Pass, 
Table 21F indicates the more common animal g.roups present in 
the alpine grasslands of the wetter mountains. Only the 
prominent, macroscopic animals are noted. The drier mountains 
have a similar general structure but differ in specific 
composition. 

The vertebrate fauna is poor in species, the only habitual 
native inhabitants being the birds keas (Nestor notabilis) and 
pipits. Keas are quite common, breeding in the subalpine scrub 
zone in winter, and are mainly vegetarian or insectivorous, 
but, at times, individuals have taken to attacking sheep which 
usually subsequently die. Keas, for this reason, have been 
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TABLE 2 lE: INVERTEBRATE SPECIES OF THE ALPINE ZONE 

Species of the Rock, Debris and Scree Habitats *Apparently obligate alpine species 

Orthoptera 

Henicidae 

Rhaphidophoridae 

Acrididae 

Blattodea 

Hemiptera 

Cicadidae 

D_iplopoda 

Dalodesrnidae 

Coleoptera 

Carabidae 

Cicindelidae 

WEST 
Main Divide and 
adjacent ranges Cass Region 

EAST 

Craigieburn Range Torlesse Range 

<E'--------------- *Deinacrida sp. nr. connectans--------------.....;~ 
-E _ _ _ _ _ _ _ _ _ _ *Pharmacus montanus _________ _,,. 

*Petrotettix *Petrotettix 
serratus <'('----'s""p::.:i:::.n:::oc::s:..:u:::s'----)"' < ) 

~-------------------'*Brachaspis nivalis _________________ _..;,. 
~------'*Sigaus villosuo....----------'l>-

Brachaspis collinus 

Ce latoblatta « 
< hesveria ) 

-------------"Celatoblatta montana--------------';> 
--------Celatoblatta sp. ______ _:;,. 

*Maoricicada 
o,•ome laena 

t > ;----------'----------Maoricicada mangU-----------------• 

Icosidesmus 

< montanus 

Loxomerus 

< ear_ito 

*Undescribed 

< genus, sp. 

-------*~cosidesmus cismon tanus___;;;. 

• ~-------*Icosidesmus s=atilis _____ .,. 

• 

> 
'(:-------Neocicindela latecincta----------------• 

Neocicindela 
parryi 

(flightless population) 

Species of the Subalpine and Alpine Grasslands 

orthoptera 

Henicidae 

Acridiidae 

Blattodea 

Diptera: 

Tipulidae 

i:.epidoptera 

Herniptera 

Cicadidae 

~---------ttemideina maori------• 

.,_ ________ sigaus australis------• Brae has pis 
~coZZ.inus ----3> 
<E------------------Paprides nitidus----------------__;~ 

( 

( 

Hca:atomi ni 
sp 

*Gynopl-ist-ia 
arthuriana 

*Leptotarsus 

> 
) 

-------- Celatoblatta sp. ______ -'> 

+------~·areUipsidion i.naculeatum ____ ~ 

*Gynop listia 

( sp. ) 
*Leptotarsus sp. *Leptotarsus 

. '('---"""'"'"n.,t_.an.,,_.1..,.1s,__ __ ...;•~< _ nr. montanus )«(---------5,..p...._, __ __,.) 

( Met-acr>ias strar;zetioa ~ 
.,_ ______ -41,ec ana glaaialis---~) 

<c-------Aoraia aurimacuZata~ 

+-----------------Maoriaiaada aassiope ________________ ;::i, 
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TABLE 21F: BIOTIC COMPONENTS OF ALPINE GRASSL.J:\WD ECOSYSTEMS AT ARTHURS PASS 

First Trophic Level 
- Primary Producers 

Flowers (nectar, 
pollen, 
petals, 
etc.) 

Fruit 

Foliage, Sterns 

Roots 

Dead Litter 

Dead Animals 
or Faeces 

+ important 

* not common 

Second Trophic Level 
- Primary Consumers 

+Flies (Syrphids etc.) 
+Moths 
+Butterflies 
+Bees 

Ants 
Thrips 

Flies (Cecidomyids etc.) 
+Keas 
Pipits 

+Herniptera (Lyga•ids etc.) 
+weevils 

Moth larvae 

+Red deer 
+Chamois 
+Hares 
+Grasshoppers 

Cicadas 
Grass ... grub beetles 

+Moth larvae (Geornetrids, 
Crarnbids) 

Hornoptera (Coccids) 
Rust fungi 

+Cicada larvae 
+Flies (Tipulids) 
+Grass-grub beetle larvae 

Flies (Calliphorids etc.) 
Earwigs 
Cockroaches 
Moth larvae 
Amphipods 
Millipedes 

+Earthworms 
+Mites 
+Collembola 
+Fungi 
+Yeasts 
+Bacteria 

Third and Higher Trophic 
Levels - Secondary and 
Tertiary Consumers 

Keas 
+Pipits 
*Rockwrens 
+Falc9ns 
+Spiders 
+Flies (Anthomyids, 

Tachinids, 
Asilids, 
Therevids) 

Centipedes 
Harvestmen 
Beetles (Carabids) 
Wetas 
Wasps 

+Black-backed gulls 
+Keas 
*Harriers 
Beetles 
Ants 

+Flies (Calliphorids) 
+Bacteria 
+Fungi 
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hunted assiduously, in the sheep country of the area, since at 
least the 1880s, but are protected in Arthurs Pass National Park. 
Sheep were dying from kea attacks at Grasmere in the winter of 
1975 (D. McLeod, pers. comm.). Pipits migrate into the alpine 
zone as the snow melts in spring and stay there to breed, 
descending to the valleys again as the mountains acquire their 
winter snow cover. 

Red deer, although their main habitat is in the forest or 
subalpine scrub, range into the alpine zone. The stags, 
especially, may live there in groups in summer, while the hinds 
tend their fawns in the forest. Grazing by deer and domestic 
stock must have had a considerable impact on the alpine 
grasslands, but, despite much general writing on the subject 
the true effect of deer on the alpine zone is not experimentally 
well-documented. Chamois (Rupicapra rupicapra) occur, usually on 
rougher terrain than deer, from the subalpine scrub zone upward. 
Again, little is known of their effects in the area. Hares are 
widely present (even in winter) in the alpine zone but are 
probably not numerous there. A few direct detrimental effects 
of the grazing of all these animals have been noted in the 
Waimakariri catchment, but more experiment is needed. 

White (1974a,b) and White & Watson (1972) 
some excellent documentation of the importance 
as grazing components in the alpine ecosystem. 
significant amounts of herbage. 

Distributions 

have provided 
of grasshoppers 

They graze 

The distribution of some of the alpine invertebrate species 
is shown in Table 21E. The distribution of the alpine fauna 
probably reflects a history going back to the last glaciation 
and subsequent recolonization of the mountains by animals after 
ice retreat. Bigelow (1967) describes the pattern of changes 
which would have occurred. 

Alpine debris endemics are located on alpine "islands" 
and the populations are separated from each other by major 
lowland ecological barriers. It is difficult to envisage how 
species such as CeZatoblatta montana or Icosidesmus cismontanus 
come to be distributed on mountain-tops from the northern 
Kaikoura to the southern Craigieburn Ranges, nearly 200 km 
apart, yet be confined, on the east-west axis, to a strip about 
5 ~m wide or perhaps even less. Their north-south movement 
during the Pleistocene ice advances and retreats must have been 
much greater than any east-west movement because of the physical 
constraints imposed by the alpine systems bordered by outwash 
gravel plains. 

Today, Cass and the nearby isolated mountain-tops, the 
forests and the grasslands have a mosaic of animal distribution 
patterns, all of which show that the region is on the borderline 
between various major environmental factors to which the animals 
are becoming adapted. Evolution in this region should give an 
indication as to how the South Island mountain fauna, as a 
whole, has arisen. 
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Clearly, the main gap in knowledge of terrestrial animals 
in the Cass district is the lack of understanding of the 
ecological interrelationships, especially in forests, grasslands 
and scrub. Ecological studies are still hampered, however, by 
the incomplete taxonomic structure. 
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22. CHECKLIST OF THE FLORA OF CASS 

The groups of plants are listed, first by phyla, then by families (orders in some instances), 
each according to the arrangement in some major reference work on the group. Each section of 
the list has been prepared by one or more compilers as follows: Algae, Elizabeth A. Flint; 
Fungi, W.H. Lintott; Lichens, C.J. Burrows; Mosses, G. Brownlie, C.J. Burrows; Liverworts, 
C.J. Burrows; Ferns and Lycopods, G. Brownlie; Gymnosperms and Angiosperms, W.R. Philipson, 
C.J. Burrows, Josephine Hammond, G. Brownlie, D.G. Lloyd, A.T. Dobson (especially introduced 
plants); plant galls, W.H. Lintott. An important collector of lichens, mosses and liverworts 
was M. Visch. Many other students have contributed to the collections. Important identification 
work was done by Mrs E.A. Hodgson, Mr K.W. Allison, Dr J. Murray and personnel of Botany 
Division, N.Z. D.S.I.R., especially Elizabeth Edgar, Lucy Moore, Bryony McMillan, Ruth Mason. 
A reference herbarium housing almost all of the listed taxa, except the algae and fungi, is 
housed in the Botany Department, University of Canterbury. 

Habitats included with the lists are those in which the plants are most commonly found. 
Localities are usually given only if a species is uncommon or rare. Under no circumstances 
should any of these be collected unless being used for a bona fide research project and unless 
the plants cannot be obtained readily elsewhere. 

Major references for the arrangement of families and other important references for each 
group are given at the end of the checklist. The authorities for the publication of the various 
taxa are given in the references. Keys to some groups are held in the Botany Department. 

Many botanists have contributed to the collection and identification of the plants and 
documentation of the information. All cannot be mentioned, but we wish to acknowledge a very 
great debt of gratitude to everyone who has taken an interest in the flora of Cass. 

ALGAE 

Key to Symbols 

Habitats G,· = Lake Grasrnere; M. = Maryrnere; P. = Lake Pearson; S. = Lake Sarah; (p) = planktonic 

Recorded by (B) = Barber, 1962; (Dept.) =Dept.of Botany, University of Canterbury 
(F.E.) = Flint & Ettl, 1966; (F 1) = Flint, 1938; (F 2) = Flint, 1975; 
(F 3) = Flint, 1966; Laing= Laing, 1939; Pocock= Pocock, 1951; 
Nordstedt = Nordstedt, 1888; Skuja = Skuja, pers. comm.; Stout= Stout, 1969. 

A.EUCHLOROPHYCEAE 

l.VOLVOCALES 

a.Chlarnydornonadaceae 

Chlamydomonas ahlorostellata Flint & Ettl 

C.reinhardti Dang. 

Chlamydomonas spp. 

b.Volvocaceae 

Eudorina elegans Ehr. 

Eudorina sp. 

Gonium peatorale Mull. 

Gonium sp. 

Haematoaoaaus sp. 

Pandorina morum(Mull.)Bory 

Pleodorina sp. 

Vo lvox aureus Ehr. 

2.TETRASPORALES 

a.Tetrasporaceae 

?Sahizoahlamys sp. 

Tetraspora sp. 

b.Gloeocystaceae 

Gloeoaystis planatoniaa(W. & G.S.West) Lemm. 

3.CHLOROCOCCALES 

a.Chlorococcaceae 

Planktosphaeria gelatinosa G.M. Smith 

Tetraedron mutiaum (Kutz.) 

Tetraedron sp. 

I,CHLOROPHYTA 

Habitat, locality, recorder 

Tekoa soil,Bealey (F.E.) 

Tekoa soil,Bealey (F.E.) 

G.P.S. (p) (F 2) 

(G.P.S. (p) (F l;F 2) 

G. (p) (Dept.) 

s. (p) (F 1) 

G. (p) (F 2) 

G. (p) (F 2) 

G.P.S. (p) (F l; F2) 

s. (p) (Dept.) 

G.P.S.(p) (F l;F 2;Pocock,195l;Dept.) 

S. in raupo (Dept.) 

G. (p) (Dept.) 

S. (p) (F 1) 

P.S.(p) (F2) 

P. (p) (F 21 

M. (p) 
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b.Palmellaceae 

Sphaerocystis schroeteri Chod.(as Gloeococaus schroeteri 
(Chad.) 

c.Oocystaceae 

Ankist1,adesmus spp. 

Ch lore Ua sp. 

ChodateUa citriformis Snow 

C.suhsaZsa Lemm. 

ChodateUa sp. 

Eremosphaeria sp. 

KirchnerieZZa Zunaris Moeb. 

KirchnerieZZa sp. 

Lagerheimia sp. 

Nephrocytium Zunatum w.west 

Nephrocytium sp. 

Oocystis borgei Snow 

O.soZitaria Wittr. 

O.solitaria var.apiculata Printz 

Oocystis spp. 

d.Micractiniaceae 

?Micractinium sp. 

e.Dictyosphaeriaceae 

Botryococcus braunii Kutz 

Dictyosphaerium ehrenbergianum Naeg. 

Dictyosphaerium spp. 

f.Scenedesmaceae 

Actinastrum sp., 

Coelastrum microporum Naeg. 

Crucigenia fenestrata Schmidle 

C.quadrata Morren 

C.truncata G.M. Smith 

Crucigenia sp. 

Scenedesmus sp. 

g.Hydrodictyaceae 

Pediastrum sp. 

h.Coccomyxaceae 

Coccomyxa lacustris Chad. 

Coccomyxa sp. 

Dispora crucigenioides Printz 

Elakatothrix gelatinosa Wille 

B.ULOTHRICOPHYCEAE 

1. ULOTRICHALES 

a. Ulotrichace,ae 

BinucZearia tatrana,wittr. 

,GZoeotiZa peZag£ca (Nyg.) Skuja var.novaezeZandica 

Stichococcus sp. 

UZothrix zonata Kutz 

Ulothrix sp. 

b.Microsporaceae 

Microspora sp. 

2.CHAETOPHORALES 

a.Chaetophoraceae 

Chaetophora sp. 

S. (p) (F 1) ;P. (p) (F 2) 

G.S.P.(p) (F 2); mud from bottom-raupo (Dept.) 

G.P .S. (p) (F 2) 

P. (p) (F 2) 

P. (p) (F 2) 

P. (p) (F 2) 

Bog on Woolshed Hill (Dept.) 

S. (p) (F 1) 

P. (p) (F 2) 

G. (p) (F 2) 

S. (p) (F 1) 

G.P.S. (p) (F 2); (Dept.) 

S. (p) (F 1) 

S.(p) (F 1) 
P.(p) (F 1) 

S. (p) (F 1) 

G.P.S. (p) (F 2) 

Mud from bottom-raupo (Dept.) 

G.P.S. (p) ;Grasmere Stream. (F l;F 2) (Dept.) 

S. (p) (F 1) 

G.P. (p) (F 2) 

Mud from bottom-raupo (Dept.) 

P.S. (p) (F l;F 2) 

P. (p) (F 2) 

P. (p) (F 2) 

P. (p) (F 2) 

G. (p) (F 2) 

G.P.(p) ;Stream below Waterfall Terrace; 
Cass River. (F 2) (Dept.) 

Mud from bottom-raupo (Dept.) 

Sphagnum bog Woolshed Hill.(SkuJa) 

P. (p) (F 2) 

Sphagnum bog Woolshed Hill (Skuja) 

G.P.S.(p) (F 2) 

S. (p) (F 1) 

G. (p) (Stout,1969) 

s. (pl (F 2) 

P.(p) (Skuja) 

G,P,(p);Stream from waterfall;Upper w.cass, 
3000' (F 2;Dept.) 

Stream from Be~wixt (Dept.) 

s.on bottom mud;Bog on Woolshed Hill (Dept.) 
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Stigeoolonium sp. 

b.Aphanochaetaceae 

Aphanoohaete sp. 

c.Chaetosphaeridiaceae 
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Chaetosphaeridium globoswn (Nordst.)Kleb. (as Aphanoohaete 
g7,obosa Wolle) 

d.Coleochaetaceae 

Coleoahaete ?pulvinata 

C.scutata Breb. 

3.TRENTEPOHLIALES 

a.Trentepohliaceae 

Trentepohlia sp. 

4.0EDOGONIALES 

a.Oedogoniaceae 

Bul,boohaete m"rabilis Wittr. 

B.anomala Prings 

Bulboohaete sp. 

Oedogonium undulatwn (Breb.) A.Br. 

Oedogoniwn sp. 

5.SIPHONOCLADALES 

Cladophoraceae 

Rhizoolonium sp. 

C.ZYGOPHYCEAE 

l.ZYGNEMATALES 

a.Zygnemataceae 

Mougeotia sp. 

Sirogonium sp. 

Spirogyra sp. 

Zygnema sp. 

Zygogonium eriaetorwn Kutz 

b.Mesotaeniaceae 

Cylindrooystis diplospora Lund.var. maior West 

Cylindrooystis sp. 

Genioularia spirotaenia De Bary 

Genioularia sp. 

Gonatozygon brebissonii De Bary 

G.monotaenium De Bary 

Gonatozygon sp. 

Mesotaenium sp. 

Netrium digitus (Ehr.) Itzigs.&.Rothe 

Netrium sp. 

Spirotaenia sp. 

c.Desmidiaceae 

Closterium aaerosum (Schrank) Ehr. var.angolense W.&.G.S.West 

C.aoioulare T.West var. subpronum W.&.G.S.West 

C.oornu Ehr. 

C.setaoeum Ehr. 

Stream from Betwixt (Dept.) 

Stream from Lake Grasmere (Dept.) 

Stream below Waterfall Terrace (Dept.) 

P. (Nordstedt) 

G. (p) (Dept.) 

Epiphytic on Juncus (Dept.) 

On rocks (Dept.) 
On beech trees (Dept.) 

P. (Nordstedt) 

P. (Nordstedt) 

Waterfall Terrace (Dept.) 

S.(p) (Dept.) 

S.(p);Waterfall Terrace;swampy backwater of 
Lake Grasmere;Upper West Cass,3OOO (Dept.). 

Stream from Waterfall;Stream from 
Lake Grasmere (Dept.) 

G.M.P.S.(p)Bog on Woolshed Hill;Stream waterfall; 
Swampy back water of Lake Grasmere; (Fl; F2: 
Stout,1969;Dept.) 

S. (p) (F 1) 

G.on raupo;stream from L.Grasmere;stream from 
waterfall;S (p); (Dept. ;F 1) 

P.S.(p) Upper W.Cass 3OOO';Waterfall Terrace; 
stream from waterfall;small pool at edge of 
L.Grasmere; (F 2;Dept.) 

Sphagnum bog on Woolshed hill (Skuja) 

Sphagnum bog on Woolshed hill (Skuja) 

Stream below Waterfall Terrace (Dept.) 

S. (p) (F 1) 

s. (Dept.) 

S.(p) (F 1) 

S. (p) (F 1) 

M. (p) (Stout, 1969) 

Sphagnum,Waterfall Terrace {Dept.) 

S. (p) ;Bog by Lake Sarah; {F l;F 3) 

Bog on Woolshed Hill;S.{p) {F 2;Dept.) 

Mud,Lake Sarah (Dept.) 

S. (p). {F 1) 

S. (p). (F 1) 

S. (p). {F 1) 

S. {p). {F 1) 



Closterium spp. 

Cosmarium capitulum Roy. & Biss. 

C.contractum Kirchn. 

C.cucurbita Breb.fa.maior W.&.G.S.West 

C.depressum (Naeg.) Lund. 

C. granatum Breb. 

C.moniliforme (Turp.) Ralfs var.panduriformis West 

C.ochthodes Nordst. 

C.obliquum Nordst. 

C.pseudoarctoum Nordst. 

C.pseudonitidulum Nordst. 

C.pyramidatum Breb.var.stenovotum Nordst. 

C.quadratum Ralfs 

C.rectangulare Grun. 

C.rectangulare var.hexagonum (Elfv.) W.&.G.S.West 

C.sublatum Nordst. 

C.venustum (Breb.) Arch. 

Cosma1"ium spp. 

Cosmocladium constrictum Arch. 

Desmidium swart2ii Ag. 

Euastrum bidentatum Naeg. 

Euastrum sp. 

Hyalotheoa sp. 

Micrasterias sp. 

Penium sp. 

Pleurotaenium spp. 

Sphaerozosma sp. 

Staurastrum anatinum Cooke & Wills var.lagerheimii 
(Schmidle) W.&.G.S.West 

S.assurgens Nordst. 

S.avicula Breb. var. subarotuum West 

S.furcigerum Breb. var. armigerum (Breb.) Nordst. 

S. lunatum Ralfs 

S.manfeldtii Delp. var. annulatum West 

s. orbiculare Ralfs 

S.punctulatum Breb. 

S.sebaldii Reinsch. 

S.sexangulare (Bulnh.)Lund. 

S.striolatum (Naeg.) Arch. 

S.tohopekaligense Wolle var. trifurcatum West 

Staurastrum spp. 

Staurodesmus clepsydra (Nordst.) Teiling 

S.connatus (Lund.) Thom. 

S.cuspidatus (Breb.) Teiling 

S.dickiei (Ralfs) Lillier 

S.glaber (Ehr.) Teiling (as Arthrodesmus incus (Breb.) 
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Hass.'1ar. ralfsii W.& G.S.West fa.latiuscula W.& G.S.West) 

S.phimus (Tum.) Thom. (as Arthrodesmus phimus Turn.) 

S.tumidus (Breb.) Teiling 

Staurodesmus spp. 

Trip loceras sp. 

Among raupo,Lake Sarah; stream from Betwixt; 
G .P.S. (p) (Dept. ;F 2) 

S. (p) (F 1) 

S.(p) (F 1) 

Sphagnum bog on Woolshed Hill (Skuja) 

S. (p) (F 1) 

P. (Nordstedt) 

S. (p) (F 1) 

Bog near Lake Sarah (F 3) 

Sphagnum bog on Woolshed Hill (Skuja) 

S. (p) (F 1) 

Bog near Lake Sarah (F 3) 

Sphagnum bog on Woolshed Hill (Skuja) 

Bog near Lake Sarah (F 3) 

S. (p) (F 1) 

Bog near Lake Sarah (F 3) 

P. (Nordstedt) 

Bog near Lake Sarah (F 3) 

Sphagnum bog and general; P.S.(p) (Dept.;F 2) 

P.S.(p) (F2) 

Bog near Lake Sarah (F 3) 

Bog near Lake Sarah (F 3) 

Lake Sarah (Dept.) 

G. (p) (F 2) 

Sphagnum bog (Dept.) 

Sphagnum bog (Dept.) 

Moss (Hypnum) and Sphagnum bog (Dept.) 

P. (p) (F 2) 

S. (p) (F 1) 

P. (Nordstedt) 

S. (p) (F 1) 

Bog near Lake Sarah (F 3) 

S. (p) (F 1) 

S. \p) (F 1) 

S. (p) (F 1) 

P.(Nordstedt) ;Bog near Lake Sarah (F 3) 

S. (p) (F 1) 

S. (p) (F 1) 

P. (p) (Skuja) 

S. (p) (F 1) 

Stream from Lake Grasmere andgeneral;G.M.P.S. (p) 
(Dept.;F 3; Stout,1969) 

S. (p) {F 1) 

S. {p) {F 1) 

P. {Nordstedt) 

S. (p) (F 1) 

P. {p) {Skuja) 

S. (p) (F 1) 

S. {p) {F 1) 

P.S.{p) (F2) 

P. {p) (F 2) 



D.CHAROPHYCEAE 

l.CHARALES 

a.Characeae 

Cha,ra sp. 

Nitella tricellula,ris Nordst. 

N.hyalina (D.C.) Ag. 

Nitella spp. 

A.CHRYSOPHYCEAE 

l.STICHOGLOEALES 

a.Stichogloeaceae 

Stichogloea doederleinii (Schmidle)Wille 

2. CHROMULINALES 

a.Chromulinaceae 

Chromulina sp. 

b.Chrysococcaceae 

?Chrysococcus sp. 

3.0CHROMONADALES 

a.Ochromonadaceae 

Urog l,ena sp. 

b.Dinobryaceae 

Dinobryon divergens Imhof 

D.el,egantissimum Bourr. 

D.sertul,aria Ehr. 

Dinobryon spp. 

c.Synuraceae 

Mallomonas spp. 

Synura sp. 

B.XANTHOPHYCEAE 

l.MISCHOCOCCALES (=Heterococcales) 

a.Sciadiaceae 

Ophiocytium sp. 

2. VAUCHERIALES 

a.Vaucheriaceae 

Vaucheria sp. 

C.DIATOMOPHYCEAE 

(i.CENTRALES) 

l.COSCINODISCALES 

a.Coscinodiscaceae 

Cycl,otel,l,a kuetzingiana Thwaites 

C.stel,l,igera Cl.& Grun. 

Cycl,oteUa sp. 

Mel,osira granulata (Ehr.) Ralfs 

M.granul,ata var. angustissima Mull. 
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II • CHROMOPHYTA 

Edge of Lake Grasmere (Dept.) 

P (Nordstedt) 

Lake Sarah 

Edge of Lake Sarah (Dept.) 

P.(p) (F 2) 

Bog,Cass Creek; G.M.P.S.(p) (Dept.;Stout,1969;F 2) 

Edge of Lake Sarah (Dept.) 

G.P.S. (p) (F 2) 

G.P. (p) (F 2) 

P. (p) (F 2) 

G .P .s. (p) (Skuja; F 1) 

S.(p); M. (p); edge of Lake Sarah; Bog on 
Woolshed hill (Dept.;Stout,1969; F 2) 

G.P.S.(p) (F 2) 

Stream in swamp below Waterfall Terrace; 
Woolshed hill (Dept.) 

Backwater raupo (Dept.) 

Woolshed hill; Cass River;Bog upper W.Cass,4000' 
in wet place;small pool at edge of Lake Grasmere 
(Dept.) 

G.(p) (F 2) 

P. (p) (F 2) 

G.P.S.(p) (F 2) 

Cass Streams (B) 

G. (p) (F 2) 



(ii.PENNALES) 

l.DIATOMALES 

a.Diatomaceae 

AsterioneZZa formosa Hass. 

Diatoma eZongatwn Ag. 

D.hiemaZe (Lyngb.) Heib.var.mesodon (Ehr.) Grun. 

FragiZaria brevistriata Grun. 

F.oonstruens (Ehr.)Grun var.venter (Ehr.) Grun. 

F.orotonensis Kitton 

F.harrisonii w.sm.var. rhomboid.es Grun. 

F.viresoens Ralfs 

Meridian circuZare Ag.var. constricta (Ralfs) V.H. 

Opephora martyi Herib. 

Synedra acus Kutz. var. radians (Kutz.) Hust. 

S.rumpens Kutz. var. scotia Grun. 

S.uZna (Nitzsch) Ehr. 

S.uZna var. amphirhynchus (Ehr.) Grun. 

S.uZna var. biceps (Kutz.) Hust. 

S.uZna var. danica (Kutz.) Grun. 

S.uZna var. oxyrhynchus (Kutz.) V.H. 

Synedra spp. 

TabeZZaria fZoccuZosa (Roth)Kutz. 

TabeUaria sp. 

2.EUNOTIALES 

a.Eunotiaceae 

Eunotia arcus Ehr. 

E.eruca Ehr. 

E.Zunaris (Ehr.) Grun. 

3. ACHNANTHALES 

a.Achnanthaceae 

Achnanthes ZanceoZata Breb. 

A.ZanceoZata var. rostrata Hust. 

A.minutissima Kutz. 

A.minutissima var. oryptocephaZa Grun. 

Cocconeis pZacentuZa Ehr. 

Cocconeis sp. 

4.NAVICULALES 

a,Naviculaceae 

Amphora ovaZis Kutz 

Amphora sp. 

CymbeZZa affinis Kutz. 

C .·aspera (Ehr.) Cl. 

C.cistuZa (Hempr.)Grun. 

C.gracilis (Rabh.) Cl. 

C.navicuZiformis Auersw. 

C.parva (W.Sm.)Cl. 

C.ventricosa Kutz. 

CymbeUa sp. 

FrustuZia rhomboides (Ehr.) de Toni 

F.vuZgaris Thwaites 

FrustuZia sp. 

Gomphonema acuminatwn Ehr. var. coronata(Ehr.) w.sm. 

G.constrictwn Ehr. 

G.heZveticum Brun 

G.hercuZea:na (Ehr.) Cl. 
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G.P.S.(p);Grasmere stream (F 2;Dept.) 

G.S.(p) ;Streams at Cass (F l;F 2;B) 

P.(p); Andrews Stream (Fl; F unpublished) 

S.(p); Streams at Cass (Fl; B) 

s.(p); Streams at Cass (F l;B) · 

G.P.S. (p) (F l; F 2) 

Streams at Cass (B) 

S. (p) (F 1) 

Streams at Cass (B) 

Streams at Cass (B) 

S. (p) (F 1) 

Streams at Cass (B) 

G.P.S.(p); Streams at Cass (Fl; F 2;B) 

S. (p) (F 1) 

Streams at Cass (B) 

S. (p) (F 1) 

Streams at Cass (B) 

P.S.(p); general (F 2; Dept.) 

P.S.(p);Streams at Cass (F l;F 2;B) 

Sphagnum bog, Waterfall Terrace 

Sphagnum bog on Woolshed Hill (Skuja) 

Streams at Cass (B) 

Sphagnum bog on Woolshed Hill (Skuja) 

Stream at Cass (B) 

Streams at Cass (B) 

Streams at Cass (B) 

S. (p) (F 1) 

P.S.(p) ;Streams at Cass(Skuja; F l;B) 

Epiphytic on submerged aquatics (Dept.) 

Streams at Cass (B) 

Hawdon River (Dept.) 

Streams at Cass (B) 

S.(p);Streams at Cass (F l;B) 

P. (p) (Skuja) 

Streams at Cass (B) 

Streams at Cass (B) 

S. (p) (F 1) 

Streams at Cass (B) 

Stream from Betwixt;general (Dept.) 

S. (p) (F 1) 

Streams at Cass (B) 

Small pool at edge of Lake Grasmere (Dept.) 

S.(p); Streams at Cass (F l;B) 

Streams at cass (B) 

S. (p) (F 1) 

Streams at Cass (B) 



G.Zongiaepa Ehr. var. aubcZa.vata Grun. 

G.Zongicepa var. aubcZavata f.graciZe Hust. 

Gomphonema spp. 

NavicuZa baciZZum Ehr. var. gregoryana Grun. 

N.pZaoentuZa (Ehr.) Grun.f.ZatiusauZa (Grun.) Meister 

N.pupuZa Kutz. var.capitata Hust. 

N.'radioaa Kutz. 

N.radiosa var. teneZZa (Breb.) Grun. 

N.rhynocephaZa Kutz. var. eZongata Mayer 

NaviauZa spp. 

PinnuZaria gibba Ehr. 

P.gibba var, parva (Ehr.) Grun. 

P.interrupta w.sm. 

P.molaris Grun. 

P.meaoZepta (Ehr.) w.sm. 

P.microstauron (Ehr.) Cl. 

P.viridis (Nitzsch) Ehr. 

PinnuZaria spp. 

Stauroneia ancepa Ehr. 

S.phoenicenteron Ehr. 

b.Epithemiaceae 

DenticuZa sp. 

Epi themia aore:x: Kutz . 

E.turgida (Ehr.) Kutz, var. granuZata (Ehr.) Grun. 

RhopaZodia gibba (Ehr.) O.Mull. 

RhopaZodia sp. 

c.Nitzschiaceae 

Hantaachia amphio:x:ys (Ehr.) Grun. 

d. Surirellaceae· 

SurireZZa biaeriata Breb. 

S.robuata Ehr. 

SurireUa spp. 
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III.PYRROPHYTA 

A.CRYPTOPHYCEAE 

l.CRYPTOMONADALES 

a.Cryptomonadaceae 

Cryptomonaa sp. 

B.DINOPHYCEAE 

l.PERIDINIALES 

a.Peridiniaceae 

Peridinium oinctum (Mull. ) Ehr. 

P.eZpatiewakyi (Ostenf.) Lemm. 

A.EUGLENOPHYCEAE 

l.EUGLENALES 

a. Euglenaceae 

EugZena spp. 

TracheZomonaa sp. 

IV.EUGLENOPHYTA 

s.(p);Streams at Casa (F l;B) 

Streams at Cass (B) 

Widespread in streams (Dept.) 

Streams at Cass (B) 

Streams at Cass (B) 

Streams at Cass (B) 

S.(p); Streams at Cass (F l;B) 

S. (p) (F 1) 

Streams at Cass (B) 

Widespread (Dept.) 

P. (p) (Skuja) 

Streams at Cass (B) 

Streams at Cass (B) 

Streams at Cass (B) 

Streams at Cass (B) 

Sphagnum bog on Woolshed Hill (Skuja) 

P. (p) (Skuja) 

Widespread (Dept.) 

Streams at Cass (B) 

S. (p) (F 1) 

Small pool at edge of Lake Grasmere (Dept.) 

S. (p) (F 1) 

Streams at Cass (B) 

S.(p) (F 1) 

Mud,Lake Sarah (Dept.) 

S.(p) (Fl) 

Streams at Cass (B) 

Mud (Dept.) 

G.P.S. (p) (F 2) 

S,(p) (F 1) 

S. (p) (F 1) 

Widespread (Dept.) 

Mud;dung;G.P.S.(p) (Dept,;F 2) 



A.FLORIDEOPHYCIDEAE 

1. NEMALIONALES 

a. Batrachospermaceae 

Batraahospermum sp. 

Sirodotia fenniaa Skuja 

A.CYANOPHYCEAE 

l.CHROOCOCCALES 

a.Chroococcaceae 

Aphanoaapsa eZaahista West 

Aphanotheaa sp. (as CoaaoahZoris sp.) 

Chrooaoaaus dispersus (Keissl.) Lemm. 

c.Zimnetiaus Lemm. 

C.minutus (Kutz.) Naeg. 

C.turgidus (Kutz.) Naeg. 

Chrooaoaaus sp. 

?Coe losphaerium sp. 

Gomphosphaeria Zaaustris Chad. 

Gomphosphaeria spp. 

Merismopedia sp. 

Miaroaystis puZverea (Wood) Mig. 

Miaroaystis spp. (and as Anacys-tis sp.) 

Syneahoaoacus sp. 

2.CHAMAESIPHONALES 

a.Chamaesiphonaceae 

Chamaesiphon sp. 

3.STIGONEMATALES 

a.Stigonemataceae 

FisahereZla ambigua (Kutz.) Gorn. 

Stigonema oaeZZatum (Dillw.) Thur. 

Stigonema sp. 

4.NOSTOCALES 

a.Scytonemataceae 

Desmonema sp. (=Coleodesmium in Bourrelly,197O) 

Pleatonema sp. 

ToZypothrix tenuis Kutz. 

Tolypothrix sp. 

b.Rivulariaceae 

336 

V.R!IODOPHYTA 

On stones in stream from Betwixt and 
Woolshed Hill (Dept.) 

On stones in Grasmere Stream (Laing) 

VI.CYANOPHYTA \=Cyanophyceae in Bourrelly,197O). 

S.(p) (F 1) 

S. (p) (F 2) 

S. (p) (F 1) 

S. (p) (F 1) 

Sphagnum bog on Woolshed Hill (Skuja) 

Sphagnum bog on Woolshed Hill (Skuja) 

Bog,Woolshed Hill (Dept.) 

Small pool at edge of Lake Grasmere (Dept.) 

P.S.(p) (F l;F 2) 

S. (p) (F 1) 

P.(p);mud,plankton (F 2;Dept.) 

S. (p) (F 1) 

S.(p) and in raupo (F 2;Dept.) 

Sphagnum bog on Waterfall Terrace 

Epiphytic on green filament,stream from Betwixt; 
debris at edge of Lake Grasmere (Dept.) 

Sphagnum bog on Woolshed Hill (F 1) 

Sphagnum bog on Woolshed Hill (F 1) 

Sphagnum bog Waterfall Terrace (Dept.) 

Stream below Waterfall Terrace (Dept.) 

Bog Waterfall Terrace (Dept.) 

S. (p) (F 1) 

Edges of Lakes Grasmere and Sarah (Dept.) 

Diahothr-ix gypsophiZa Born. & Flah. ("=Calothrix in Bourrelly,197O) P. (Nordstedt) 

RivuZaria sp. Waterfall creek; Grasmere stream; on stone 
in Lake Grasmere (Dept.) 

c.Nostocaceae 

Anabaena sp. 

Nostoa spp. 

d.Oscillatoriaceae 

Lyngbya sp. 

OsaiZZatoria spp. 

Sahizothrix aaZciaoZa •(Ag.) Gorn, 

S.friesii (Ag.) Gorn. 

G,P.S, (p); small pool at edge of Lake Grasmere 
(F 2; Dept,) 

Bog on Waterfall Terrace;stream bank,Betwixt; 
on stone in Lake Grasmere, 

Stream f,rom Lake Grasmere (Dept.) 

On rook and mud;G,S.(p) upper west Cass,3OOO' (Dept.) 

On soil,Bealey 

On soil,Bealey 



I 
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spiruUna sp. 

Triahodeemium Zaauetre Kleb.(under OeaiZZatoria 
in Bourrelly,1970) 

Hypocreales 

* Gibberella zea 

Clavicipitales 

Cordyaeps sinaZairii 

Sphaeriales 

Da.Zdinia aonaentriaa 

XyZaria poZymorpha 

Pezizales 

ChZoroaiboria aeruginosa 

Helotiales 

Cyttaria gunnii 

Tuberales 

PauroaotyZis pila 

Capnodiales 

Aarogenotheaa eZegans 

AntennatuZa dingZeyae 

A. fraeerae 

Capnaaybe fraserae 

C. novae-zeZandiae 

Euantennaria aauliaola 

E. muaronata 

E. novae-zeZandiae 

E. paaifiaa 

Ophioaapnoaoma batietae 

TriahopeZtheaa aeiatiaa 

Moniliales 

* CZadosporiwn herbarwn 

Sphaeropsidale s 

Septoria rubi 
Uredinales and Ustilaginales 

* Puaainia aaraaina 

P. aelmisiae 

P, aoakaynei 

P. aoprosmae 

* P. aoronata 

P. auniauli 

P. foyana 
P, geranii-pi loei 

P. hederaaeae 

* P. hieracii 

* P, hordei 

* P. hydroaotyles 

P. inornata 

* P. lagenophorae 

P. menthae pseudomenthae 

P. ncunua 

P. pZagianthi 

FUNGI 

ASCOMYCETES 

vegetable caterpillar 

charcoal fungus 

devils fingers 

verdigris fungus 

strawberry fungus 

sooty moulds 

FUNGI IMPERFECT! 

Dung (Dept.) 

s. (pl (F 1) 

* adventive species 

Host or Habitat 

Daatylis glomerata 

on insect larva (cicada?) edge of forest, also 
on moth (Wieeana) and Elaterid beetle larvae 

dead beech wood 

decayed wood 

parasitic on Nothofagus 

in soi.l under beech 

on Nothofague 

on Disaaria and Nothofagus 

on Nothofague 

on Nothofagus 

on Nothofagus 

on Nothofague 

on Nothofague 

on Nothofagus 

on Nothofague and Leptoepermum saoparium 

on Nothofagus 

on Nothofagus and PhyZZoaladus 

on various grasses 

on Rubus spp. 

(rusts and smuts - all are parasites) 

on Carex 

on Celmisia 

on Gentiana aorymbifera 

on Coprosma 

on Holaus and Lolium 

on Gingidiwn montanum 

on Ranunaulus·enysii 

on Geranium miarophyllum and G. eessiliflorum 

on Viola aunninghamii 

on Hieraaium and Hypoahaerie 

on Hord.eum vulgare 

on Hydroaotyle novae-zelandiae 

on Cardamine bi lobata 

on Ereahtites and Seneaio 

on Mentha aunninghamii 

on Anisotome filifolia 

on Hoheria lyalZi 



* P. poae-ne:noralis 

P. pulverulenta 

P. sahoenu,s 

P. tiritea 

P. toa 

P. unainiarum 

P. wahlenbergiae 

* Kuehneola uredinis 

Hamaspora australis 

Phragmidium subsimile 

Aeaidium disaiforme 

A. hebe 

A. miarostomum 

A. otira 

A. plantaginis-varide 

A. ranunauli-insignis 

A. ranunauli-lyallii 

A. westlandiaum 

Uromyaes otakou 

U. disaa:l'iae 

* U. polygoni-aviaularis 

Tremellales 

Tremella Zutesaens 

Exidia glandulosa 

Auriculariales 

Auriaularia polytriaha 

Dacromycetales 

Caloaera fusaa 

Exobasidiales 

Exobasidium fraseri 

E. gaultheriae 

Aphyllophorales 

Cantharellus weZZingtonensis 

Cortiaium patriaium 

C, protrusum 

Coltriaia obleatans 

Fames applanatum 

Hieriaium aoraZloides 

PheZZodon nothofagi 

Ramaria botrytis 

SahizophyZZum commune 

Steaaherinum oahraaeum 

Trametes ainnabarina 

T. versiaolor 

T. zonata 

Agaricales . 

* Agariaus arvensis 

* A. aampestris 

* Amanita musaaria 

A. vaginata 

AnniZZarieZZa novae-zelandiae 

Camarophyllus deliaatus 

Collybiopsis masonii 

Coprinus disseminai;;us 

Entoloma aromatiaum 
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BASIDIOMYCETES 

jelly fungus 

jews ear fungus 

chantarelle 

bracket fungus 

coral fungus 

orange bracket fungus 

rainbow bracket fungus 

rainbow bracket fungus 

horse mushroom 

field mushroom 

fly agaric 

grisette 

honey fungus 

ink cap 

on Poa pratensis 

on Epilobium spp. 

on Sahoenus pauaiflorus 

on Muehlenbeakia axillaris 

on Haloragis depressa 

on Unainia spp. 

on Wahlenbergia albomarginata 

on Rubus frutiaosus 

on Rubus spp. 

on Aaaena spp. 

on Hebe braahysiphon 

on Hebe spp. 

on Pratia maarodon (in Craigieburn Range) 

on Olearia arboresaens 

on Plantago spp. 

on Ranunaulus spp. 

on Ranunaulus lyaUii 

on Caltha novae-zelandiae 

on Poa laevis 

on Disaaria townatou 

on Polygonum aviaulare 

dead wood 

decaying beech 

dead wood 

decaying beech 

on Cyathodes fraseri 

on Gaultheria spp. 

under Leptospermum scrub 

on Nothofagus solandri 

on Nothofagus solandri 

under Nothofagus 

on Nothofagus 

under decayed beech logs 

under Nothofagus 

under Nothofagus 

dead wood 

dead Nothofagus 

decaying wood 

grassland 

grassland 

near Nothofagus 

under Nothofagus 

on Nothofagus 

under Nothofagus 

on fallen Nothofagus leaves 

open scrub 

under Nothofagus 



E. oerinwn 
E, aonvexum 

E. ha.stii 

E. nothofagi 

E. perzonatwn 
E, 'l'anaidulum 

Hohenbuehelia nothofaginea 

Hygrophoropsis alpina 

H. ooaata 

Laaaaria fibrillosa 

L. glabripes 

L. masonii 

L. viola.oeo-niger 

L. umerensis 

Marasmius arooeus 

Myaena miniata 

Onpha.Zina nothofaginea 

PariZZus aurantiaaus 

P, squarrosus 

Phaeomyaena fusaa 

Resupinatus arau,foroii 

Russula atrovirens 

R. australis 

R. aremeoahraaea 

R. griseostipitata 

R. maaroaystidiata 

R. mul tioystidiata 
R, novae-zelandiae 

R. roseopileata 

* Suillus Zuteus 

Tylopilus formosus 

Xe't'oaomus nothofagi 
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under Nothofagus 

dead 

grasslands 

under Nothofagus 

Nothofagus litter 

under Nothofagus 

dead Nothofagus 

beech logs 

under Nothofagus 

on ground under Pinus 

under Nothofagua 

on ground under Nothofagus 

The secotioid genera Clavogaster (= Weraroa) and Thaxte'l'ogaste'l' are now· usually included with the Agaricales. 

Clavogaste'l' e'l'ythrooephalum red tobacco pouch under Nothofagus 

Tha.:,;terogastel' oa'l'neolum 

T. oarti lagineum 

T. epiphaeum 

T, leoninum 
T, napivelatum 

T. porphyreum 

Hymenogastrales 

Gautieria novae-zelandiae 

Hysterangium solerodermum 

Rhizopogon Zuteolus 

Lycoperdales 

Bovista bz,unnea 

Calvatia aoelata 

C. Zilaaina 

Geaatrum minus 

G. triplex 

Lyaoperdon depresaum 

L. perlatum 

L. pussilum 

L. pyriforme 
L. soabz,um 

Sclerodermatales 

Calostoma 't'odi,JmJi 

violet tobacco pouch 

puff-balls, earth stars 

earth star 

earth star 

puffball 

under Nothofagus 

near Pinus mdiata 

scrub 

grasslands 

open scrub 

open scrub 

among shrubs near Nothofagus 

grassland 

under Nothofagus 

scrub 

decaying beech wood 

under Nothofagus 

under Nothofagus 



Phallales 

Anthurus a:z,aheri 

Ase.l"oe l"Ubl"a 

CZathrus oibarius 

Nidulariales 

CruoibuZwn vuZgare 

Cyathus oUa 

NiduZa oandido. 

Sphaerophoraceae 

Sphaerophorus austraZis 

S. OU.l"tus 

S. ste.l"eooauZoides 

S. tene.1" 

Thelotremataceae 

T'heZotrema pel"iphysatum 

Diploschistaceae 

DipZosohistes sp. 

Collemataceae 

CoUema spp. 

l,eptogium sp. 

Pannariaceae 

Coaaoaarpia aul"iantiaa 

C. oronia 

MassaZongia novozeZandioa 

Pannal"ia irrrni:r:ta 

P. perfossa 

ParmeZieZZa variegata 

Psoroma buahananii 

P. aaZiginosum 

P. oil,iatum 

P. aoroUoideum 

P. arispeUum 

P. Zep.l"oZomum 

P. phoUdotoides 

Stictaceae 

Lobaria adsoripta 

L, montagnei 

PseudooypheZZaria ampZifioata 

P. oarpoZoma 

P. ohZoroZeuoa 

P. aoZensoi 

P. aondensata 

P, hirta (= coronata) 

P. al"oaata 

P. fl,otowiana 

P. fossuZata 

P. gZauaoZul"ida 

P. impl"essa 

P. Zividofusoa 

P. Zuridesaens 

P. mougeotiana 

P. perissa 

P. pickeringii 

flower fungus 

basket fungus 

birds nest fungi 

3110 

LICHENES 

jelly lichen 

jelly lichen 

among shrubs near Nothofagus 

near Pinus 

sticks 

RaouZia mats 

sticks 

tree trunk 

tree trunk 

tree trunk 

tree trunk 

tree trunk 

rock 

tree trunk 

tree trunk 

ground in 

ground in 

tree trunk 

tree trunk 

forest 

forest 

log, forest 

tree trunk 

ground 

gro1.1&1d 

dead leaves 

ground 

tree trunk 

ground 

tree trunk 

tree trunk 

tree trunk 

alpine grassland 

tree trunk 

rock 

tree trunk 

tree truck 

tree trunk 

grassland, scrub 

tree trunk 

tree branches 

tree branches 

tree trunk 

alpine rock 

tree trunk 

grassland, scrub 

alpine grassland 

scrub 



Peltigeraceae 

Nephroma austraZe 

Peltigera doliahorhiza 

SolaPina aroaea 

Lecidiaceae 

Baaidia aerasentem 

B. aaverthalamia 

CatiZZaPia maaulosa 

C. perpuZahra 

Leaidia aonfoedemta 
L. aruBtuZa 

L. leptoaat'pa 
L, 'litoraZis 

L. meridionaZis 

L. nigratula 

L. pamsemiza 
L, steriUs 

L, subpineti 

L. trianguiaris 

Megalospora gompholoma 

M. marginifle:x:a 

Rhizoaarpon geographiaum 

Cladoniaceae 

Baeomyaes heteromorphus 

Cladia aggregata 

C, retipora 

Cladonia amauroaraea 

C. baaiZZaPis 

C. aapi"f;ellata 

C, aariosa 

C. oervioomis 

c. ahlorophaea 

c. ohlorophaeoides 

c. oomuta 

c. orispata 

c. deformis 

c. degenerans 

c. elegantula 

c. enantia 

c. fimbriata 

c. flavesoens 

c. foZiaaea 
c. furoata 
c. impexa 

c. krempelhuberi 

c. leptoot.ada 

c. Zeuaophala 

c. TT1G1JJsoni 
C, mitis 

C. neozelandioa 

c. oohroohZora 

c. pityrea 

c. pleurota 

c. pyxidata 

c. '!'igida 

c. sarmentosa 

c. soabriusaula 

C. squamosa 
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rook map 

coral lichen 

tree trunk 

ground in forest 

alpine,ground 

rock 

rock 

tree 

tree 

rook 

rock 

rook 

tree 

tree 

tree 

bark 

bark 

bark 

bark 

bark 

tree bark 

rock 

ground in forest 

rock 

tree trunk 

tree trunk 

rook 

ground,riverbed 

grassland,bog 

grassland,bog 

forest,bank 

grassland 

grassland,forest margin 

grassland 

grassland,forest margin 

grassland 

grassland 

grassland 

alpine grassland 

grassland 

grassland,forest 

scrub,grassland 

grassland,banks 

grassland,scrub 

grassland 

scrub 

alpine grassland 

subalpine scrub 

grassland,scrub 

bog 

grassland 

grassland 

bog 

grassland,scrub 

ground in forest 

grassland 

bog 

grassland 

bog 

grassland 

forest 

bank,grassland 



C. suhulata (= aornutoradiata) 

C. vertiaiZ-Zata 

Stereoca ulaceae 

StereoaauZon argodes 

S. aaespitoswn 

S. aoZensoi 

S. aortiaulatwn 

s. detergens 

s. ZeptaZcwn 

s. proximum 

s. puZvinare 

s. ramuZoswn 

Umbilicariaceae 

Clnphalodiscus neozelandiaus 

O. suhaprinus 

Umbiliaaria aylindriaa 

V. polyphylla 

Pertusariaceae 

Pertusaria adveniens 

P. albissima 

P. airaumainata 

P. areberrima 

P. nothofagi 

P. obveZatans 

P. perfida 

Lecanoraceae 

Haematormia babingtonii 

H. hiZ-are 

I.eaanora blanda 

L. ayamidia 

L. paahylepis 

L. parmelina 

L. ruhroainata 

L. suhfusaeUa 

L. traahydenna 

Oahroleaia aaliforniaa 

Plaaopsis alphoplaaoides 

P. gelidioides 

P. Zateritoides 

P. parellina 

P. perrugosa 

P. rhodophthalma 

Parmeliaceae 

Cetraria aorallophora 

C. novae-zelandiae 

Hypogymnia enteromorpha 

H. lugubria 

H. turgidula 

Menegazzia bullata 

M. dielsii 

Pannoparmelia (Anzia) anguatata 

Pa;pmelia adpiata 

P. aaperata 

P. aonaperaa 

P. geUnekii 

P. mougeotii 

P. olivaaea 
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grassland 

grassland 

rock 

rock 

rock 

rock 

rock 

rock 

rock 

rock 

rd:verbed 

rock 

rock 

rock 

rock 

tree bark 

rock 

tree bark 

tree bark 

tree bark 

tree bark 

rock 

shrub branches 

tree bark 

rock 

tree bark 

rock 

dead grass leaves 

tree bark 

rock 

tree bark 

tree bark 

rock 

rock 

rock 

rock 

rock 

rock 

tree trunk 

alpine grassland 

shrub branches 

shrub branches 

shrub branches 

tree trunk 

tree trunk 

tree trunk, shrub branches 

tree trunk 

rock 

rock 

rock 

rock 

stones 



P. o1;agoensia 

P. petz,iseda 

P. I'UZidota 
P. subaonapez,sa 

P. subtez,es 

P. testaaea 

P. b1aipo:riensia 

P. weindoz,feI'i 

Usneaceae 

Ateato:ria minisauta 

A. nigI'iaana 

Neuz,opogon aaz,ometanua 

N. aitiatus 

Siphuta mooI'ii 

Thamnotia veI'micutaI'is 

Uanea ClUl'BBCBnB 

u. cit,iifez,a 

u. contexta 

u. ineI'mis 

u. motZeuscuta 

u. teneI'ior 

Caloplacaceae 

Btaatenia ftavidoatra 

Teloschistaceae 

Tetoschistes fasaiautatus 

XanthoI'ia spinoaa 

x. spinutosa 

Buell:\.aceae 

Buettia-atz,ofusaula 

JUNGERMANNIALES 

Herbertaceae 

Hez,bez,ta atpina 

Pseudolepicoleaceae 

Temnoma palmatum 

T. quadz,f,fidum 

Isotachidaceae 

Isotachis intortifotia 

I. montana 

Ptilidiaceae 

Ftitidium aitiare 

Lepicoleaceae 

Lepicotea attenuata 

Trichocoleaceae 

TI'ichoaotea lanata 

T. moltissima 

Lepidolaenaceae 

Lepidotaena hodgsoniae 

L. palpebz,ifolia 

L. retiaulata 

Lepidoziaceae 

Bazzania involuta 

B. nitida 

Hygro lerribidium austra_le 

Lembidium nutans 
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BRYOPHYTA 

rock 

rock 

rock 

rock 

rock 

tree trunk 

tree trunk 

rock 

rock 

rock 

rock 

rock 

ground,grassland,bog 

ground,grassland 

tree 

tree 

shrub 

shrub 

tree 

tree 

tree trunk 

shrub 

shrub 

shrub 

tree trunk 

HEPATICAE (Liverworts) 

bog 

logs,damp ground in forest 

banks in forest 

alpine grassland 

alpine grassland 

alpine grassland 

tree trunk 

log,forest 

logs in forest 

dainp places,ground in forest 

damp ground,forest 

bank beside stream 

log,forest 

ground in forest 

alpine grassland 



Lepidozia (Telaranea) gottscheana 

L. (Telaranea) praenitens 

L. (Telaranea) remotifolia 

L. glaucophyUa 

L. kirkii 

L. laevifolia 

L. obtusiloba 

L. pendulina 

Jungermanniaceae 

Chandonanthus squarrosus 

Cryptochila grandiflora 

Jamesoniella colorata 

J. kirkii 

Schistochilaceae 

Paraschistochila tuloides 

Schistochila ciliata 

Lophocoleaceae 

Chiloscyphus ammophilus 

C. bil lardieri 

C. fissistipus 

C. norrrulis 

C. triacanthus 

Clasmatocolea strongylophylla 

Lophocolea australis 

L. biciliata 

L. bidentata 

L. bispinosa 

L. innovata 

L. lenta 

L. leucophy l la 

L. pZaniuscula 

L. viUosa 

Tetracymbaliella cymbalifera 

Plagiochilaceae 

PedinophyUum monoicum 

Plagiochila banksiana 

P. circinalis 

P. circumdentata 

P. deltoidea 

P. fuscella 

P. retrospectans 

Acrobolbaceae 

Acrobolbus cinerascens 

Tylimanthus perpusillus 

T. surculosus 

T. teneUus 

Adelanthaceae 

Adelanthus falcatus 

A. gemmiparus 

Radulaceae 

Radula buccinifera 

R. physoloba 

Porellaceae 

Farella elegantula 

Frullaniaceae 

Frullania deplanata 

F. falciloba 
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ground in forest 

log,forest floor 

ground in forest 

log,forest floor 

tree trunk 

log,forest floor 

alpine,beside stream 

ground in forest 

tree branch,rock 

boggy ground 

rock beside stream 

tree trunk 

tree trunk 

log,forest floor 

bog, Lagoon Saddle 

forest,beside stream 

ground in forest 

ground in forest 

ground in forest 

beside stream 

banks,logs,forest 

ground in f~rest 

log,forest 

alpine,beside stream 

bank of strea~ 

log,forest 

log,forest 

ground in forest 

bank in forest 

log,forest 

log,forest 

alpine,darnp bank 

tree trunk 

tree trunk 

log,forest floor 

alpine grassland 

tree trunk 

tree trunk 

alpine,darnp bank 

ground in forest 

log,forest floor 

rock beside stream 

tree trunk 

tree trunk 

tree trunk 

tree trunk 

rock 



F. fuga:r: 

F. inawribens 

F. patuZa 

F. probosciphora 

F. rostrata 

F. spinifera 

Lejeuniaceae 

Colura sp. 

Lejeunia primordialis 

Lopholejeunia colensoi 
Pyonolejeunia glauca 

METZGERIALES 

Pallaviciniaceae 

Pallaviainia oonnivens 

Symphyogyna undulata 

Hymenophytonaceae 

Hymenophyton flabellatum 

Podomitrium phyZlanthus 

Aneuraceae 

Aneura alterniloba 

Riccardia bipinnatifida 

R. colensoi 

R. nitida 

R. novae-zelandiae 

· R. perpusil la 

Metzgeriaceae 

Austrometzgeria saooata 

Metzgeria <kcipiens 

M. furcata 

M. hamata 

MARCHANTIALES 

Rebouliaceae 

Asterella tenera 

Marchantiaceae 

Marohantia berteroana 

ANTHOCEROTALES 

Anthocerotaceae 

Anthooeros a:r>aohnoideus 

Megaoeros sp. 

SPHAGNALES 

Sphagnaceae 

Sphagnum australe 

S. cristatum 

S. falcatulum 
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tree trunk 

tree trunk 

tree trunk 

tree trunk 

tree trunk 

tree trunk 

log,forest floor 

tree trunks 

tree trunks 

tree trunks 

damp bank 

bank in forest 

ground in forest 

tree trunk 

ground in forest 

damp ground 

damp ground 

tree trunk 

tree trunk 

log,forest floor 

tree trunk 

tree trunk 

tree trunk 

tree trunk 

bank in forest 

flush 

BRYOPHYTA : ANTHOCEROTAE (Hornworts) 

damp bank 

tree trunk 

BRYOPHYTA : MUSCI (Mosses) 

sponge moss 

bpg sponge mo·ss 

pool sponge moss 

hog,Dome 

bog 

bog pools,Lagoon Saddle 



ANDREAEALES 

Andreaeaceae 

And:reaea acuminata 

A. nitida, 

A. rupestris 

A. subulata 

BRYALES 

Polytrichaceae 

Atrichum ligulatum 

Dendroligotrichum dendroides 

Polytrichadelphus magellanicus 

Polytrichum alpinum 

P. commune 

P. formosum 

P. juniperinum 

P. longisetum 

Psilopilum australe 

Fissidentaceae 

Fissidens adianthoides 

F. leptocladus 

F. rigidulus 

Grimmiaceae 

Grimmia pulvinata 

G. trichophyUa 

Racomitrium crispulum 

R. lanuginosum 

R, ptychophyllum 

Schistidium apocarpum 

Ditrichaceae 

Ceratodon purpureus 

Distichium capillaceum 

Di tric hum e long a tum 

D. difficile 

D. punctulatum 

Pleuridium arnoldii 

Saelania glaucescens 

Dicranaceae 

Campylopus clavatus 

C. introflexus 

Dicranella vaginata var. clathrata 

Dicranoloma billardieri 

D. dicarpum 

D. grossialare 

D. menziesii 

D. obesifolium 

D. pleurisetum 

D. robustum 

Dicranoweisia antarctica 

Dicranum aucklandicum 

Dicnemonaceae 

Dicnemon semicryptum 

Mesotus celatus 

Pottiaceae 

Calyptopogon mnioides 

Gymnostomum calca:r'em 

Tortella knightii 

dark rock moss 

wire moss 

hair moss 

fork moss 

rock cushion 

yellow rock moss 

shaggy moss 

tongue moss 

forest cushion 

collar moss 
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all occur on rock,mid-altitude to alpine 

soil,base of fallen trees 

ground in forest 

banks,forest margin 

alpine grassland 

wet grassland 

grassland,bog 

grassland,low altitude 

bog,Lagoon Saddle 

subalpine to alpine grassland 

wet places 

wet places 

on rocks in streams,near waterfalls 

dry rock 

dry rock 

alpine to subalpine rock,stable scree 

grassland,bog,low altitude to alpine 

alpine to subalpine rock 

dry rock 

grassland,riverbed silt 

soil banks,bare ground 

soil,bare ground 

soil,bare ground 

soil or rock 

soil banks 

rock crevices 

soil 

bog margin,soil banks 

wet ground 

ground in forest,logs,base of trees 

ground in forest,logs 

ground in forest,logs 

ground in forest,logs 

alpine grassland 

ground in forest,logs,base of trees 

alpine grassland,forest 

rock crevices 

rock,soil 

tree trunks,branches 

tree trunks,branches 

tree trunks 

dry rock 

ground,rock,logs in forest 



Tortula bealeyensis 

T. phaea 
" T.· prinaeps 

T. rubra 

Tridontiwn tasmanicwn 

Triquetrella papillata 

Weisia aontroversa 

Encalyptaceae 

Enaalypta vulgaris 

Orthotrichaceae 

Amphidium ayathiaarpum 

Maaromitrium erosulum 

M. grossirete 

M. ligulare 

M. miarophyllum 

M. weymouthii 

Orthotriahwn austro-aupulatum 

O. ayathiforme 

O. hortense 

o. pulvinatum 

o. tasmaniaum 

Sahlotheimia brownii 

Zygodon intermedius 

z. hookeri 

Ulota viridis 

Funariaceae 

Funaria hygrometriaa 

Splachnaceae 

Tayloria oatoblepharum 

T. purpurasaens 

Bryaceae 

Bryum argenteum 

B. blandum 

B. laevigatum 

B. muaronatwn 

B. trunaorwn 

I.eptostomwn inalinans 

Pohlia aruda 

P. nutans 

Mniaceae 

Mnium rostratum 

Meesiaceae 

Meesia mueUeri 

Aulacomniaceae 

Leptotheaa gaudiahaudii 

Rhizogoniaceae 

Hymenodon piliferus 

Rhizogonium bifariwn 

R. distiahiwn 

R. novae-hoUandiae 

R. mnioides 

Bartramiaceae 

Bartramia halleriana 

B. papillata 

Breutelia affinis 

B. pendula 

Conostomum pentastiahiwn 
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screw moss 

creeping tree moss 

silver moss 

flush cushion 

pin cushion 

apple moss 

flush moss 

ground,shaded rock 

dry rock 

ground,roclc,branches of shrubs 

ground 

wet rocks,stream banks 

grassland 

ground 

banks in grassland 

:tock 

tree trunks 

tree trunks 

tree trunks 

tree trunks 

tree trunks 

dry rocks 

willow trunk 

willow trunk 

dry rock 

shrub branches 

tree trunks 

tree trunks,rock 

tree trunks,rock 

tree trunk 

ground 

logs in forest 

logs in forest 

ground 

rocks in streams 

flush,wet rock 

ground 

in 

in 

forest 

forest 

ground,logs in forest 

tree trunks 

shady banks 

ground 

shaded stream banks 

marsh 

tree bases,logs,rocks in forest 

tree trunks 

ground in forest 

ground in. forest 

ground in forest 

ground in forest 

damp banks 

shaded banks in grassland 

wet ground 

flush,wet rock, shaded grassland 

alpine shaded rock,banks 



C. pusiUum 

Philonotis pyriformis 

P. scabrifoUa 
Rhacopilaceae 

Racopilum strwniferwn 
Climaciaceae 

Climacium dendx>oides 

Hedwigiaceae 

Hedwigia ciliata 

Rhacoca:rpus purpureus 

Ptychomniaceae 

Ptychomnion acicula:re 

Lepyrodontaceae 

Lepyrodon australis 

L. lagurus 
Neckeraceae 

Leptodon smithii 

Lembophyllaceae 

Camptochaete angustata 

C. a:rbuscula 

C. gracilis 

C. pulvinata 

C. ramulosa 

Lembophyllum divulsum 

Hookeriaceae 

BeUia nervosa 

DistichophyUum microcarpum 

D. pulcheUum 

Fterygophyllum dentatum 

P. quadx>ifa:rium 

Sauloma macrospora 

S. teneUa 

Hypopterygiaceae 

Hypopterygium aommutatum 

H. novae-seelandiae 

H. rotulatum 

Thuidiaceae 

Thuidiopsis furfurosa 

T. laeviusaulum 

Amblystegiaceae 

Acrocladium auriculatum 

A. sarmentosum 

Campylium steZZatum 

Cratoneuropsis rela:ca 

Drepanocladus aduncus 

D. fluitans 

D. revolvens 

D. uncinatus 

Brachytheciaceae 

Brachythecium pa:radoxum 

B. rutabulum 

B. salebrosum 

Eurhynchium asperipes 

E. austrinum 

Rhynchostegium tenuifolium 

Plagiotheciaceae 

Catagonium po li tum 
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scale moss 

umbrella moss 

feather moss 

alpine,shaded rock 

wet ground,rock 

_shaded bank in grassland 

ground,rock,logs in forest 

wet ground 

dry rock 

bog,wet rock 

ground in forest 

base of rock outcrop 

base of rock outcrop 

tree trunks 

tree trunks,logs 

tree trunks, logs 

tree trunks,logs 

tree trunks,logs 

tree trunks,logs 

ground,tree bases in 

tree trunks 

forest 

banks of streams in forest 

banks of streams in forest 

wet rock,banks of streams in forest 

banks of streams in forest 

tree bases 

tree bases 

ground in forest 

ground in forest 

ground in forest 

grassland,ground in forest 

ground in forest 

logs,ground in forest 

logs,ground in forest 

flush,Lagoon Saddle 

flush, 

wet banks 

Lagoon Saddle 

bog,swamp,pools 

bog,pools 

flush,Lagoon Saddle 

bog,pools 

damp soil,rock 

damp soil,rock 

damp soil,rock,logs 

logs,soil 

wet rock 

shaded soil,rock,logs 

shaded soil,rock 



Isopterygium puZaheZZum 

PZagiotheaium dentiaulatum 

Sematophyllaceae 

SematophyZZum amoenum 

S. suhayZindriaum 

Hypnaceae 

.Ctenidium pubesaens 

Hypnum aupressiforme 

H. aupressiforme var. ahrysogas.ter 

H, aupressiforme var. filiforme 

Isoetaceae 

Isoetes alpinus 

Lycopodiaceae 

Lycopodium australianum 

L. fastigiatum 

J:,. saariosum 

L. varium 

Ophioglossaceae 

Botryahium austraZe 

OphiogZossum aoriaaeum 

Gleicheniaceae 

GZeiahenia airainata 

Hymenophyllaceae 

HymenophyZZum armst:r-ongii 

H. muitifidum 
H. peZtatum 

H. viUosum 

Polypodiaceae 

Phymatodes diversifoZium 

Grammitidaceae 

Grammitis armstrongii 

G. biZZardieri 

G, mageZZaniaa ssp. nothofageti 

G, patagoniaa 

Dennstaedtiaceae 

HypoZepis miZZefoZium 

H. rugosula 

Pteridaceae 

Histiopteris inaisa 

Fteridium esauZentum 

Aspleniaceae 

Asplenium fZabeZZifoZium 

A. flaaaidum 

A. hookerianum 

A. r>iahardi 

A. triahomanes 

Blechnaceae 

Bleahnum fZuviatiZe 

B. ahambersii 

B. minus 
B. penna-marina 
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PTERIDOPHYTA 

tree trunk,logs 

ground,tree trunks in forest 

logs in forest 

tree trunks 

tree trunks 

grassland,scrub,tree trunks,logs 

grassland,tree trunks 

tree trunks,rock in forest 

LYCOPSIDA (Lycopods) 

quillwort 

fir clubmoss 

mountain clubmoss 

creeping clubmo·ss 

hanging clubmoss 

FILICOPSIDA (Ferns) 

moon wort 

adder's tongue 

tangle fern 

filmy fern 

tongue fern 

summer fern 

water fern 

bracken 

necklace fern 

hanging spleenwort 

rock spleenwort 

stream hardfern 

lanceolate hardfern 

small hardfern 

lake-bottom 

valley to alpine grassland,scrub 

valley to alpine grassland,scrub 

scrub,grassland 

trees in forest,tree bases,uncommon 

grassland,scrub,local 

grassland,dry margin of tarn,local 

subalpine bog,Lagoon Saddle 

subalpine rock 

ground in forest,subalpine rock 

ground in forest 

tree trunk 

rock outcrops,low altitude,local 

alpine,subalpine rock 

tree trunks 

tree trunks 

tree trunks 

subalpine grassland,scrub 

Hawdon R,,forest margin,uncommon 

openings in forest,uncommon 

dry hillsides 

ground or rock in scrub,forest 

tree trunks,uncommon 

banks in forest,rare 

rock,low altitude to subalpine 

rock,low to mid altitude,uncommon 

damp bank in forest 

damp bank in forest 

damp ground in forest 

grassland,scrub,all altitudes 



B. procerwn (= B. capense) 

B. vulcanicum 

Dryopteridaceae 

Polystichum vestitum 

P. cystostegia 

Athyriaceae 

Cystopteris fragilis 

Marsileaceae 

Pilularia novae-zelandiae 

Azollaceae 

AzoZZa filiculoides var. rubrwn 

Podocarpaceae 

Dacrydium bidi,;illii 

D. ZaxifoZium 

Podocarpus haZZii 

P. nivaZis 

P. nivalis x haZZii 

PhyllocZadus alpinus 

Ranunculaceae 

RanuncuZus depressus 

R. enysii 

* R. fluitans 

R. foZiosus 

R. glabrifoZius 

R. gracilipes 

R. haastii 

R. hirtus 

R. Zappaceus agg. 

R. macropus 

* R. repens 

R. rivularis 

Cal tha obtusa 

C. novae zelandiae 

Clematis australis 

C, petriei 

C. marata agg. 

Cruciferae 

* Barbarea intermedia 

* Brassiaa rapa 

* CapseZZa bursa-pastoris 

Cardamine bilobata 

C. debilis agg. 

C. depressus 

Cheesemania enysii 

* Erophi la verna 

Ischnocarpus novae-zelandiae 

* Nasturtium officinale 

Notothlaspi rosulatum 

* Sisymbrium offiainale 
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common hardfern 

prickly shield fern 

alpine shield fern 

fragile fern 

pillwort 

floating fern 

SPERMATOPHYTA 

GYMNOSPERMAE 

bog pine 

pigmy pine 

mountain totara 

snow totara 

bank,subalpine scrub 

bank,forest margin,rare 

forest,scrub 

alpine debris 

ground,rock scrub 

mud in water of shallow lake-margin 

floating in stream and lake backwaters 

bog,dry terraces 

bog 

forest 

subalpine scrub,forest,debris 

forest,scrub 

toatoa, mountain celery pine subalpine scrub,forest,lower forest margins 

ANGIOSPERMAE 

DICOTYLEDONAE 

water buttercup 

scree buttercup 

forest buttercup 

tussock buttercup 

creeping buttercup 

n.z. marsh marigold 

wintercress,yellow rocket 

wild turnip 

shepherd's purse 

n .z. cress 

whitlow cress 

water cress 

penwiper 

hedge mustard 

alpine flush 

alpine grassland 

streams,submerged 

damp ground 

lake margin 

alpine grassland,flush 

scree 

forest margin,glade 

valley grassland 

lake margin, stream backwater 

damp places 

lake margin 

alpine flush 

damp alpine grassland 

scrub 

scrub 

scrub 

railway,rare 

cultivated fields 

cultivated and waste land 

alpine rock 

forest margin,glade,scrub,alpine grassland 

alpine debris,rock 

alpine rock,Lagoon Saddle 

river flood-plain,rare 

alpine debris,rock,scrub 

streams 

scree 

waste land,rare 



" S. oroientaZe 
Violaceae 

H1f111enantheroa alpina 

* Viola arvensis 

V, aunninghamii 

V, fiZiaaulis 

V. lyaUii 

Crassulaceae 

* Sedum acre 

Tillaea sieberoiana 

Droseraceae 

Dr>osera araturi 

Caryophyllaceae 

* Aroenaroia seropyllifolia 

* Ceroastium arvense 

* C. glomeratum 

* C. fontanum ssp. troiviale 

Colobanthus aaiaularis 

C, apetaZus 

C. buahananii 

C, striatus 

* Dianthus armeria 

* Sagina prooaumbens 

Saleroanthus brooakiei 

S. uniflorus 

* SperoguZa l"Ubroa 

* SperoguZaria arvensis 

SteZZaria graailenta 

* S, groaminea 

* s. media 

S, parviflora 

S. roughii 

Portulacaceae 

CZaytonia aust:rulasiaa 

Mantia fontana 

Papaveraceae 

* Papavero hybroidum 

Polygonaceae 

MuehZenbeakia austroaZis 

M. a:i:iUarois 

M, aomplexa 
* Polygonum arenastrum 

* P. aviauZaroe 
,,- P. aonvolvuZua 

* P. persiaaria 

* Rumex aaetosella 

* R. arispus 

R. flexuosua 

* R. obtusifolius 

Chenopodiaceae 

* Chenopodium album 

* C, erosum 

Geraniaceae 

* Erodium aiautarium 

* Geranium mo'/,7,e 

G. miarophyZ'lum 

G, sessiliflorum 

oriental mustard 

whare-karara 

field pansy 

white violet 

forest violet 

stone crop 

sundew 

sandwort 
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field chickweed 

mouse-ear chickweed 

deptford pink 

pearlwort 

spurrey 

ya=, corn spurrey 

slender chickweed 

stitchwort 

chickweed 

scree chickweed 

prickly-headed poppy 

pohuehue 

dwarf pohuehue 

scrub pohuehue 

wire weed 

wire weed 

cornbind 

willow weed,persicaria 

sheep sorrel 

curled dock 

tumbleweed dock 

broad dock 

fathen 

goosefoot 

storksbill 

soft cranesbill 

waste land,rare 

scrub 

railway 

damp grassland 

forest margin,glade 

grassland 

riverbed,rocky areas 

dry grassland 

bog 

shingle, bare ground 

roadsides, rare 

waste ground 

grassland 

alpine rock 

alpine rock,grassland 

alpine debris, dry grassland 

riverbed 

grassland,marsh 

damp ground in riverbed. 

alpine,valley grassland 

valley grassland 

roadsides 

cultivated land 

ri'7erbed 

damp grassland 

cultivated land 

rock in forest 

scree 

damp scree,lake margin 

stony streams 

railway,rare 

scrub,N.side Mt Horrible 

riverbed 

scrub 

roadsides 

cultivated land 

cultivated land,rare 

cultivated and damp places 

open ground, cultivated fields,grassland 

marsh,waste ground 

damp valley grassland 

marsh,waste ground 

cultivated land 

cultivated land,rare 

open grassland 

waste ground,rare 

alpine grassland 

valley grassland 



Linaceae 

Linwn catharticwn 

Oxalidaceae 

Oxalis corniculata 

0. lactea 

Haloragaceae 

Gonocarpus aggregatus 

G. micranthus 

G. montanus 

Myriophyllwn elatinoides 

M. propinquwn 

Gunneraceae 

Gunnera dentata 

Onagraceae 

purging flax 

yellow oxalis 

white oxalis 

toa toa 

millfoil 
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Epilobiwn alsinoides ssp. atriplicifoliwn 

E. a. ssp. tenuipes 

E. brunnescens ssp. brunnescens 

E. b. ssp. minutiflorwn 

E. chionanthwn 

E. chforifoliwn 

* E. ciUatwn 

E. cinerewn 

E. crasswn 

E'. gracilipes 

E. gfobeUwn 

E. komarovianum 

E. macropus 

E. me lanocau fon 

E. microphyllwn 

E. ne1°teroides 

E. numrm.forifoUwn 

E. pedunculare 

E. pictwn 

E. pubens 

E. pycnostachyum 

E. rotundifoliwn 

E. rubromarginatum 

E. paUidiflorwn 

E. rostratwn 

E. tasmanicwn 

Fuchsia excorticata 

Gallitrichaceae 

• Callitriche stagnalis 

Thymelaeaceae 

Drapetes dieffenbachii 

D. multiflorus 

D. lyaUii 

Pimelea oreophila 

P. pros tra ta 

P. sericeo-villosa 

P. traversii 

Coriariaceae 

Coriaria sarmentosa 

Coriaria sp. cf. thymifolia 

Pi ttosporaceae 

Pittosporwn divaricatwn 

P. tenuifoliwn 

black-stemmed willow-herb 

scree willow-herb 

tree fuchsia 

starwort 

pinatoro 

tutu 

kohuhu 

valley grassland, marsh 

valley grassland 

alpine grassland,forest glade 

grassland 

bog 

grassland,damp ground 

streams 

lakes, tarns 

shallow streams in riverbed· 

grassland 

grassland 

damp stream bed 

damp bank 

damp ground 

subalpine grassland,scree margin 

grassland,marsh 

grassland 

scree 

grassland 

scree margin,alpine,subalpine 

riverbed 

subalpine stony streams 

riverbed 

damp riverbed 

damp stream bed 

rocky bank 

damp stream bed 

grassland 

scree 

shaded bank 

alpine debris 

swamp 

riverbed 

grassland 

forest margin 

streams,submerged 

alpine grassland 

alpine grassland 

late snow patch 

grassland 

riverbed 

valley grassland 

subalpine rock,scrub 

riverbed,banks 

riverbed 

forest 

N. side Mt Horrible 



Myrtaceae 

Leptospermum sooparium 

Neomyrtus pedunoulata 

Metrosid.eros umbellata 

Hypericaceae 

Hyperioum japonioum 

* H. perforatum 

Elaeocarpaceae 

Aristotelia frutioosa 

A. serrata 
Elaeooarpus hookerianus 

Malvaceae 

Hoher>ia lyallii 

Grossulariaceae 

* Ribes uva-orispa 

Escalloniaceae 

Ca:t>podetus serratus 

Rosaceae 

* Aoaena agnipila 

A. anserinifolia 

A. oaesi ig lauca 

A. cf. hirsutula 

A. inermis 

A. glabra 

A. microphylla 

A. novae- ze landiae 

* Aphanes arvensis 

* A. microcarpa 

* Crataegus monogyna 

Geum Zeiospermum 

G. parviflorum 

G. uniflorum 

* Malus domestica 

Potentilla anserinoides 

* Rosa rubiginosa 

Rubus cissoides 

* R. fruticosus 

R. sohmidelioides 

R. squarrosus 

Papilionaceae 

Carmichaelia angustata 

C. enysii 

C. monroi 

C. rivulata 

C. uniflora 

* Cytisus scoparius 

* Lotus uliginosus 

* Lupinus arboreus 

* L. polyphyllus 

* Medicago lupulina 

Sophora microphylla 

* Trifolium arvense 

* T. campestre 

* T. dubium 

* T. pratense 

* T. repens 

* T. striatum 

manuka 

myrtle 

southern rata 

st john's wort 

mountain wineberry 

wineberry 

pokaka 
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mountain ribbonwood 

gooseberry 

marble leaf 

australian sheep's burr 

piri piri 

scree piripiri 

piripiri 

parsley piert 

parsley piert 

hawthorn 

n.z. avens 

apple 

silverweed 

sweet brier 

lawyer 

blackberry 

lawyer 

scrub lawyer 

n.z. broom 

dwarf n.z. broom 

broom 

yellow lotus 

yellow lupin 

russell lupin 

black medick 

kowhai 

hare's foot trefoil 

hop trefoil 

yellow suckling clover 

red clover 

white clover 

striated clover 

scrub 

forest,damp ground 

gorge in stream,Hawdon 

tarn margin,Kettlehole 

railway 

scrub 

forest margin 

forest below Burnt Face 

forest margin,Pylon,Gully 

scrub 

forest,Woolshed Hill 

roadsides,rare 

forest 

grassland,scrub 

grassland 

riverbed 

scree 

riverbed,road margin 

grassland 

wasteland 

wasteland 

roadside 

alpine grassland,Craigieburn 

alpine grasslands,shaded rock 

alpine grassland 

railway 

damp grassland 

scrub 

forest 

roadside,railway 

forest 

scrub 

shaded rock 

riverbed 

valley grassland 

scrub 

valley grassland 

riverbed, scrub 

damp places 

railway,rare 

Cass village 

waste ground 

N. side, Goldney Hill 

riverbeds,open grassland 

railway,rare 

open grassland 

damp grassland,pasture 

grassland,riverbed 

railway,rare 



* Ulex europaeus 

* Vicia hirsuta 

* v. sativa 

Salicaceae 

* Salix fragilis 

Fagaceae 

Nothofagus fusca 

N. menziesii 

N. solandri var. cliffortioides 
Urticaceae 

Urtica incisa 

Stackhousiaceae 

Stackhousia minima 

Santalaceae 

Exocarpus b-idJ.ui Uii 

Loranthaceae 

Elytra:nthe flavida 

E. tetrapetaia 

Tupeia a:ntarctica 

Rhamnaceae 

Discaria townatou 

Araliaceae 

Pseudopanax colensoi 

P. crassifolius 

Schefflera digitata 

Umbelliferae 

AciphyUa aurea 

A. crenulata 

A. monroi 

A. scott-thompsonii 

A. similis 

A. subflabellata 

Anisotome aromatica 

A. fi lifolia 

A. flexuosa 

A. imbricata 

A. pilifera 

Centella novae-zela:ndiae 

* Conium maculatwn 

Gingidia decipiens 

G. monta:na 

Hydrocotyle novae-zela:ndiae 

H. tripartita 

H. moschata 

Lilaeopsis novae-zela:ndiae 

Lignocarpa carnosula 

Oreomyrrhis colensoi agg. 

O. ramosa 

Schizeilema sp. aff. haastii 

S. hydrocotyloides 

s. paUidum 

S. nitens 

S. trifoliata 

Cornaceae 

Corokia cotoneaster 

Griselinia littoralis 

gorse 

hairy vetch 

vetch 

crack willow 

red beech 

silver beech 

mountain beech 

nettle 

yellow mistletoe 

red mistletoe 

matagouri 

three-finger 

lancewood 

pate,seven-finger 
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golden spaniard,taramea 

dwarf spaniard 

giant spaniard 

grassland spaniard 

common anise 

fell-field anise 

cushion.anise 

hemlock 

angelica,. aniseeed 

mountain myrrh 

korokio 

broad leaf 

riverbed,scrub 

railway 

roadside,railway 

riverside,marsh 

forest 

forest,near Hawdon Forks 

forest 

forest glade 

grassland,tarn margin 

subalpine rock (root parasite) 

forest (stem parasite) 

forest 

scrub (stem parasite) ,rare,Woolshed Hill 

scrub 

subalpine scrub 

forest 

by stream in forest,Hawdon Forks 

subalpine grassland 

alpine grassland 

alpine rock 

subalpine scrub 

alpine grassland,debris 

valley grassland 

alpine grassland 

alpine,subalpine grassland 

alpine ridges 

alpine debris 

alpine debris 

tarn margin,Kettlehole 

waste ground 

riverbed 

damp grassland,rocks 

alpine,subalpine grassland 

shallow streams,in riverbed 

scrub 

lakes 

scree 

grassland 

damp subalpine grassland 

alpine debris 

alpine debris,grassland 

forest margin 

marsh (possibly extinct) 

river bank 

scrub 

forest,forest margin 



Ericaceae 

Gaultheria antipoda 

G. arassa 

G. depressa 

Pernettya maarostigma 

P. nana 

Epacridaceae 

A:t>aheria traversii 

Cyathodes aolensoi 

C. empetrifolia 

C. fraseri 

C, juniperina 

C. pwnUa 

Draaophyllwn aaeroswn 

D. kirkii 

D. Zongifo tiwn 

D. pronum 

D. uniflorwn 

Pentaahondra pumila 

Myrsinaceae 

Myrsine divariaata 

M. nwrmularia 

Apocynaceae 

Parsonsia aapsularis 

Rubiaceae 

Coprosma atropurpurea 

C. brunnea 

C. aheesemanii 

C. ailiata 

c. d.epressa 

c. intertexta 

c. Zinariifolia 

C. miaroaarpa 

c. sp. aff. parviflora 

c. petriei 

c. propinqua 

c. pseudoauneata 

c. pumila 

c. rhamnoides 

C. rugosa 

* Galium aparine 

G. perpusiUwn 

G. propinquwn 

Nertera balfouriana 

N, diahondraefolia 

N. setulosa 

Compositae 

* Aahillea millefolium 

* Anthemis arvensis 

* Bellis perennis 

Cassinia fulvida 

C, vauvitliersii 

Bro.ahyaome sinalairii 

Celmisia angustifotia_ 

C. be llidioides 

C. aoriaaea 

C. discolor 

C. gZanduZosa 
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bush snowberry 

thick-leaved snowberry 

snowberry 

pa-totara,bronze heath 

mingi-mingi 

rock in forest,forest margin 

subalpine,valley scrub 

grassland 

valley grassland,bog_margin 

valley grassland 

forest 

grassland 

bog 

grassland 

forest,scrub 

bog,Lagoon Saddle 

scrub 

subalpine rock,scrub 

long-leaved turpentine bush scrub,bog margin,forest margin 

dwarf turpentine bush alpine ridges 

one-flowered turpentine bush scrub 

cushion heath bog,alpine ridges 

weeping mapou 

dwarf mapon 

n .z. jasmine 

wineberry coprosma 

bead-berry coprosma 

common karamu 

creeping coprosma 

cleavers 

yarrow 

corn chamomile 

daisy 

tauhinu 

subalpine tauhinu 

big alpine daisy, 

musk daisy 

sticky bog daisy 

forest 

subalpine scrub grassland 

forest 

valley grassland 

riverbed 

alpine grassland 

subalpine scrub 

subalpine forest 

damp ground 

forest 

forest 

forest,bog margin,scrub 

valley grassland 

scrub,forest margin 

subalpine forest,scrub 

alpine grassland 

forest 

forest margin,scrub 

scrub,waste ground 

alpine grassland,riverbed 

forest 

bog 

forest,Hawdon Forks 

valley grassland 

roadside,railway 

railway,rare 

damp grassland 

scrub,valley grassland 

subalpine scrub 

grassland 

alpine grassland 

wet rock 

subalpine grassland,scrub 

alpine grassland 

bog 



C. gracilenta 

c. grarrrinifolia 

C. haastii 
,, Zaricifolia v, 

c. ZyaUii 

C. petiolata 

C. sessi Ziflora 

c. spectabilis 

c. walkeri 

* Chrysanthemum Zeucanthemum 

* Cirsium arvense 

* C. palustre 

* C, vulgare 

Cotula dendyi 

C. perpusiUa 

C, pectinata ssp. pectinata 

C. pyrethrifolia 

C. squalida ssp. mediana 

Craspedia incana 

C. major 

C. uniflora 

Crepis capiZZaris 

Gnaphalium auda,x ssp. auda,x 

G, delicatum 

G. ensifer 

G. Zimosum 

G. Zuteo-album 

G. mackayi 

G. nitidulum 

G. traversii 

Haastia recurva 

H. sinclairii 

Helichrysum beZZidioides 

H. depressum 

H. filicaule 

H. glomeratum 

H. selago 

* Hieracium Zachenalii 

* H. piZoseUa 

* H. praealtum 

* H. pratense 

* Hypochaeris radicata 

Lagenifera barkeri 

L. cuneata 

L, montana 

L. petiolata 

L. pinnatifida 

L, s ·tr>angu la ta 

* Leontodon ta.Paxacoides 

Leucogenes g7andiceps 

* Matrica:r-i.a matrica;r>ioides 

Microseris scapigera 

* Mycelis muralis 

Olea:r-ia a:r-borescens 

O. avicenniaefolia 

0, nummula:r-ifolia 

O, virgata 

slender daisy 

snow daisy 

cushion daisy 

cotton plant 
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grassland,bog 

bog 

alpine grassland 

alpine grassland 

alpine grassland 

alpine grassland,rock 

alpine grassland 

alpine,subalpine grassland 

alpine,subalpine grassland 

ox-eye daisy roadside, railway 

californian (creeping) thistle disturbed ground 

marsh thistle damp grassland, rare 

scats thistle waste land,disturbed ground 

black daisy scree 

woollyhead 

everlasting daisy 

sticks 

tussock hawkweed 

mouse-ear hawkweed 

hawkweed,king devil 

field hawkweed 

cats-ear 

hawkbit 

south island edelweiss 

rayless chamomile 

wall lettuce 

mountain ake-ake 

marsh shrub daisy 

riverbed,dry grassland 

alpine ridge 

alpine scree margin 

alpine grassland 

scree 

wet rock 

alpine grassland,flush 

grassland 

grassland 

bog,Andrews R. 

_tam edge ,Kettlehole 

swamp,damp ground 

riverbed,open ground 

alpine grassland 

alpine grassland 

grassland 

alpine debris 

alpine debris 

scree margin,grassland 

riverbed 

grassland 

scrub on bluff 

cliffs,subalpine rock 

riverbed 

dry grassland 

grassland 

grassland,rare 

grassland 

flush 

grassland 

damp ground,flush 

grassland,damp ground 

forest margin,glade 

forest,glade 

damp grassland 

alpine rock 

waste ground,cultivated fields 

flush 

scrub,forest glade 

forest _margin,gorges 

scrub 

subalpine scrub,uncommon 

damp ground,flush 



Raoulia australis 

R. gZabra 

R. grandiflora 

R. haastii 

R. hoo7<eri 

R. mamrrri Uaris 

R. monroi 

R. p_arkii 

R. subseriaea 

R. subulata 

R. tenuiaauZis 

Seneaio bellidioides agg. 

s. bidwiUii 

s. aassinioides 

s. dunedinensis 

s. g lauaophy l, lus ssp. disaoideus 

* s. jaaobea 

s. LyaUii 

s. minimus 

s. qiiqdriden tata 

s. saorzoneroides 

* s. sylvatiaus 

* s. vulgaris 

s. wairauensis 

* Sonahus asper 

* S. oleraaeus 

Taraxaaum magellaniaum 

* T. offiainale 

* Tripleurospermum inodorum 

* Tussilago farfara 

Vittadinia australis 
_) 

Primulaceae 

* AnagaUis arvensis 

Gentianaceae 

* Centaurium erethraea 

Gentiana beUidifoUa agg. 

G. aoryrribifera 

G. divisa 

G, grisebaahii 

G. serotina 

G. tenuifoZia 

Plantaginaceae 

* Plantago ZanaeoZata 

* P. major 

P. triandra 

P. novae-zelandiae 

P. raouZii 

P. spathuZata 

Lobeliaceae 

LobeZia roughii 

HypseZa rivuZaris 

Pratia anguZata 

P. maarodon 

Campan ul aceae 

WahZenbergia aZbomarginata 

Donatiaceae 

Donatia novae-zeZandiae 

scabweed 

green mat daisy 

riverbed mat daisy 

vegetable sheep 

turf mat daisy 

creeping mat daisy 

scree groundsel 

ragwort 

fireweed 

wood groundsel 

groundsel 
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prickly sow thistle 

sow thistle 

n.z. dandelion 

dandelion 

dog-daisy 

colts-foot 

scarlet pimpernel 

centaury 

snow gentian 

large gentian 

marsh gentian 

autumn gentian 

narrow-leaved plantain 

broad-leaved plantain 

bluebell 

bog cushion 

riverbed 

shaded grassland,scrub 

alpine grassland,ridges 

riverbed 

riverbed 

alpine rock 

riverbed,dry grassland 

dry grassland 

grassland 

alpine debris 

riverbed, damp scree 

grassland 

subalpine scrub 

subalpine scrub,uncommon 

grassland 

scree 

damp grassland,rare 

flush,wet rock 

forest margin 

scrub 

alpine,subalpine grassland 

disturbed ground 

cultivated land 

subalpine scrub,grassland 

railway,rare 

railway, rare 

alpine scree margin,scrub 

damp grassland 

waste land 

damp gravel,local 

valley grassland 

cultivated land,waste ground 

open grassland 

alpine grassland 

alpine grassland 

alpine debris 

damp grassland 

valley grassland 

scrub 

grassland,waste ground 

paths,waste ground 

tarn margin 

alpine grassland 

flush 

valley grassland 

scree 

tarn margin 

damp ground 

alpine grassland 

grassland 

bog,Lagoon Saddle 



Stylidiaceae 

Forstera sedifolia 

F. sp. aff. sedifolia 

F. tenella 

Phyllachne colensoi 

Boraginaceae 

Myos tis australis 

* M. caespitosa 

M. forsteri 
M, macrantha 

M. traversii 

M. uniflora 

Convolvulaceae 

Diclwndra brevifolia 

D. repens 

Scrophulariaceae 

* Digitalis purpurea 

Euphrasia cockayniana 

E. laingii 

E. zelandica 

E. revoluta 

E. petriei 

Glossostigma elatinoides 

Gratia la nana 

Hebe brachysiphon 

H. canterburiensis 

H. ciliolata 

H. epacridea 

H. haastii 

H, lycopodioides 

H. macrantha 

H. odora 

H. pauciramosa var. 

H. pimeleoides 

H. pinguifolia 

H. salicifolia 

H. subalpina 

H. tetras ti cha 

H. traversii 

* Linaria vulgaris 

Mazus radicans 

* Mimulus guttatus 

M. moschatus 

Ourisia caespitosa 

O. sessilifolia 

0, mdcrophylla 

Parahebe deoora 

P. UnifoUa 

P. lyalUi 

pauciramosa 

* Pa:t>entuoellia visoosa 

Pygmea pulvinaris 

* Verbasoum thapsus 

* Veronioa arvensis 

* V, persioa 

* V. serpyllifolia 
* V. vesna 

Orobanchaceae 

* Orobanohe minor 
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green alpine cushion 

yellow forget-me-not' 

water forget-me-not 

bronze forget-me-not 

alpine grassland 

alpine grassland 

alpine grassland 

alpine ridge 

streams, marsh 

forest,glade 

shaded rock 

riverbed forget-me-not 

alpine debris,rock 

Waimakariri riverbed,rare 

creeping convolvulus 

foxglove 

yellow eyebright 

small grassland-eyebright 

eyebright 

whipcord hebe 

bog hebe 

koromiko J 
subalpine hebe 

toad flax 

monkey flower 

musk 

grassland 

grassland 

scrub,stony 

alpine damp 

ground 

places 

alpine grassland 

valley grassland 

alpine grassland 

alpine grassland 

lake 

lake margin,tarn 

scrub 

forest 

alpine rock 

alpine debris 

alpine debris,scree 

alpine grassland 

subalpine grassland 

bog margin 

flush 

valley grassland 

alpine grassland 

forest margin 

subalpine scrub 

alpine rock 

scrub, uncommon 

railway,rare 

damp grassland 

streams 

streams, marsh 

( 
( 
( 
(all 
( 
( 
( 

damp scree margin 

alpine grassland 

subalpine forest,scrub 

riverbed 

wet rock 

are probably root parasites 

wet rock,subalpine scrub rock 

tarweed damp ground,rare 

alpine range 

woolly mullein, flannel leaf shingly ground 

field speedwell cultivated ground 

scrambling speedwell cultivated ground 

turf speedwell damp grassland 

bare places 

broornrape railway,(root parasite) 



Lentibulariaceae 

'utricula:r>ia monanthos 

Labiatae 

* Lamium amplexicaule 

*,Marr>ubiwn vulgare 

Mentha cunninghamii 

* M. spicata 

* I'runella vulgaris 

Typhaceae 

Typha orientalis 

Potamogetonaceae 

Potamogeton cheesemanii 

P. ochreatus 

P. suhoblongus 

Lemnaceae 

Lemna minor 

Hydrocharitaceae 

* Elodea canadensis 

Liliaceae 

Astelia linearis 

A. nervosa 

Arthropodiwn candidum 

Herpolirion novae-zelandiae 

Iphigenia novae-zelandiae 

Agavaceae 

Phormium cookianwn 

P. tenax 

Philesiaceae 

Luzu:r>iaga parviflora 

Juncaceae 

* Juncus acuminatus 

* J. a:r>tfoulatus 

* J. bufonius 

* J. conglomeratus 

* 

* 

J. effusus 

J. gregiflorus 

J. novae- ze landiae 

J. tenuis 

Luzula pumila 

L. banksiana var. rhadina 

L. arinita var. petrieana 

L. picta var. piata 

L. piata var. pallida 

L. rufa var. alb1'.aomans 

L. rufa var. rufa 

L. traversii var. traversii 

Marsippospermum graaile 

Rostkovia magellaniaa 

Centrolepidaceae 

Centrolepis ciliata 

Gaimardia setacea 

Restionaceae 

Calorophus minor 

Cyperaceae 

Carex acicularis 

purple bladderwort 

henbit 

white horehound 

moki-moki 

spearmint 

self-heal 
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MONOCOTYLEDONAE 

raupo 

duckweed 

canadian pondweed 

subalpine bush lily 

grass lily 

subalpine flax 

flax 

lantern berry 

rush 

jointed rush 

toad rush 

rush 

soft rush 

common n.z. rush 

rush 

woodrush 

alpine woodrush 

diesel rush 

wire rush 

bog,Lagoon Saddle 

railway,rare 

dry open ground 

damp grassland 

marsh 

damp grassland 

swamp 

stream, lakes 

lakes 

marsh 

lake margin 

lakes,sluggish streams 

wet alpine grassland,bog 

subalpine forest 

bank in forest,Andrews R. 

damp grassland 

valley grassland, probably extinct 

subalpine scrub 

swamp 

damp forest floor 

amus mire 

mire, streamside 

damp ground 

mires 

mires 

mires 

flush,marsh 

damp ground 

alpine debris 

scrub,rock 

alpine grassland 

grassland 

grassland 

riverbed,dry grassland 

riverbed,dry grassland 

dry grassland,rock 

alpine grassland 

bog,Lagoon Saddle,rare 

bog,Lagoon Saddle 

bog,Lagoon Saddle 

bog,Lagoon Saddle 

alpine bluff 



c. be1'ggrenii 

C. bl'BViauZmis 

C. co7,ensoi 

c. comans 

C. col'ia.aea 

C. diandz,a 

c. dipsacea 

C. dissita var. montico?,a 

C. echinata 

c. ftavif01'mis 

C. gaudiahaudiana 

C. geminata 

C, goyenii 

c. 7,achenaUi 

c~ maol'iaa 

C. novae-ze l,o;ndiae 

* c. ovatis 

c. pyrenaica var. 

C, raouUi 

c. aeata 

c. sina?,ail'ii 

c. sofondl'i 

c. subdo?,a 

C. testacea 

c. viPgata 

Carpha atpina 

E?,aeoehwis aeuta 

E. pusiUa 

Oreobotus impar 

O. peetinatus 

0. stl'iatus 

Schoenus apogon 

cephafotes 

S. paueiflorus 

Scirpus auak?,andiaus 

S. eaUgenis 

* S. setaeea 

S. subti7,7,issimus 

Vncinia eaespitosa 

V. ctavata 

V. divwiaata 

V. saabra 

u. sinetairii 

u. fuseovaginata 

u. 7,eptostaehya 

u. rubra 

u. rupestl'is 

u. uncinata 

Gramineae 

Agropyron enysU 

* A. l'epens 

A, scabrum 

Agrostis dyeri 

A. muscosa 

* A. sto7,onife1'a 

A. subufota 

* A, tenuis 

* Aira caryophyllea 

* A?,opecurus genieutatus 

marsh sedge 

star sedge 

small bog sedge 

niggerhead 

club sedge 

comb sedge 

comb sedge 

red deer sedge 

red hook sedge 

hook sedge 

couchgrass,twitch 

blue grass 

creeping bent 

browntop 
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silvery hair grass 

marsh foxtail 

lake margin 

valley grassland 

valley grassland 

grassland 

marsh,swamp 

swamp 

beside stream 

wet ground in forest 

bog 

bog 

bog 

damp ground 

grassland 

alpine snow patch 

swamp 

swamp 

damp ground 

alpine snow patch 

forest 

swamp 

bog 

forest margin 

damp ground 

grassland,damp places 

swamp 

bog 

tarn,backwaters 

bog, lake margin 

wet alpine grassland 

bog 

bog 

flush 

flush 

forest 

lake margin 

ri verbed,rare 

damp ground 

alpine grassland 

forest 

alpine,subalpine grassland 

forest 

damp ground 

alpine grassland 

forest 

damp grassland 

bog 

forest 

subalpine stream margin 

cultivated and waste land 

grassland 

alpine grassland 

tarn margin 

streamsides 

alpine debris 

grassland,mires 

dry shingly ground 

mires,strearnsides 



* A. pratensis 

* Anthoxanthum odoratum 

* Arrhenatherum e latius 

* Briza rrrinor 

* Bromus breviaristatus 

* B. diandrus 

* B. mollis. 

Chionochloa conspicua 

C. crassiuscula 

C. flavescens 

C. oreophila 

C. sp. aff. oreophila 

C, macra 

C. pallens 

C, rubra 

Cockaynea gracilis 

Cortaderia richardi 

* Cynosurus aristatus 

* Dactylis glomerata 

Deschampsia aaespitosa 

Deyeuxia avenoides 

D. a. var. brachyantha 

D. setifolia 

Diahelachne arinita 

Erythranthera pumila 

E. thomsonii 

Festuaa mattheu>sii 

F. novae-zelandiae 

* F. rubra 

* F. r. var. aommutata 

* Glyceria fluitans 

* G. plicata 

Hieroahloe equiseta 

H. redolens 

* Holcus lanatus 

* Hordewn murinum 

* H. vulgare 

Koeleria cheesemanii 

K. novae-zelandiae 

meadow foxtail 

sweet vernal 
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tall oat grass 

quaking grass 

narrow-leaved brome 

ripgut brome 

lop grass 

curly grass 

broadleaved snowgrass 

snow patch grass 

small snowgrass 

midribbed snowgrass 

red tussock 

toe toe 

crested dogs-tail 

cocks foot 

plume grass 

hard tussock 

red fescue 

chewing's fescue 

floating sweet-grass 

alpine holy grass 

holy grass 

yorkshire fog 

barley grass 

barley 

Laahnagrostis filiformis var. serrrigiabra 

* Lolium multiflorum 

• L. perenne 

Miarolaena aolensoi 

Notodanthonia buahananii 

N. gracilis 

N. setifolia 

* Phalaris canariensis 

* Phleum pratense 

* P. bertolonii 

* Poa annua 

P. breviglurrris 

P. buahananii 

P. cockayniana 

P. aolensoi 

P. kirkii 

P. laevis 

P. lindsayi 

italian ryegrass 

perennial ryegrass 

alpine ·bamboo grass 

yellow tussock 

canary grass 

timothy 

small timothy 

annual poa 

avalanche grass 

blue tussock 

silver tussock 

streamsides,rare 

grassland 

roadsides 

hummock in mire,rare 

waste land, rare 

roadside,rare 

waste land 

subalpine forest,scrub 

alpine grassland 

subalpine grassland,scrub 

alpine snow patch 

margin snow patch 

alpine,subalpine grassland 

alpine grassland 

subalpine bog, wet ground 

forest margin,glade 

scrub,damp ground 

grassland,pasture 

grassland 

bank,Cass R, 

grassland 

grassland 

alpine flush 

scrub 

alpine debris 

grassland 

alpine,subalpine scree margin 

grassland 

grassland,mires 

grassland 

mires, streams 

mires,streams 

alpine grassland 

flush 

grassland 

waste land 

railway,rare 

alpine rocks,Mt Misery 

bank,Cass R. 

riverbed 

railway,rare 

grassland 

alpine grassland 

grassland 

grassland,flush 

grassland,rock,debris 

railway,rare 

roadside 

roadside 

waste ground 

glades, forest margin 

scree 

scree margin 

grassland 

alpine grassland 

valley grassland 

riverbed 



P. novae-zelandiae 

* P. pratensis 

P. pusiZZa 

P. waZZii 

Pyrrhanthera exigua 

* Setaria viridis 

Trisetwn antarcticum 

T. antarcticum ssp. teneZZum 

T. youngii 

T. spicatum 

* Triticwn aestivum 

* Vulpia bromoides 

* V. myuros 

Orchidaceae 

Aporostylis bifolia 

Caladenia lyaZZii 

Chiloglottis cornuta 

Corybas mac1°anthus 

C. trilobus 

Gastrodia cunninghamii 

Microtis oligantha 

Prasophyllum colensoi 

Pterostylis cynocephala 

P. mutica 

P. oliveri 

Thelymitra hatchii 

T. venosa 
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kentucky bluegrass 

pygmy twitch 

green bristle grass 

wheat 

hair grass 

hair grass 

two-leaf orchid 

spider orchid 

spider orchid 

brown forest orchid 

dogshead orchid 

elfshood 

hooded orchid 

blue orchid 

blue orchid 

HYBRIDS 

alpine debris,rock 

grassland,mire 

riverbed 

alpine grassland 

valley grassland 

railway,rare 

subalpine grassland 

riverbed 

alpine grassland 

alpine debris 

railway,rare 

riverbed,waste land 

waste land 

Lagoon Saddle,uncommon 

alpine grassland 

forest 

forest,flush 

forest 

forest 

grassland,bog 

grassland 

valley grassland 

valley grassland 

scrub 

grassland,Woolshed Hill 

bog 

Natural hybrids with the following putative parenthood have been noticed at Cass. Others may be present. 

Celmisia spectabilis x C. lyallii 

C. sessiliflora x C. sp. 

DracophyZZum kirkii x D. pronum 

D, uniflo1°um x D. pronum 

D. uniflorum x D. Zongifolium 

Gaultheria antipoda x G, depressa 

G. crassa x G. dep1°essa 

Nothofagus fusca x N. solandri var. cliffortioides 

Pimelea ornoph-ila x P, sericeo-v'iZZosa 

P. oreophila x P. prostrata 

P. oY!eophila x P. travePsii 

PLANT GALLS 

Galls are formed when plants are parasitized by certain specialized mites (Eriophyidae) or insects (Cecidomyidae, 
Cynipidae, etc.). The gall-causing parasite is usually confined to a specific host or to closely related species. 

,Galls range in shape from the simple amorphous masses caused by some mites, through a wide range of swellings, 
pockets, etc., to the complex galls of gall midges and gall wasps. All result from increased growth of normal plant 
tissues. 

Podocarpaceae 

Phyllocladus alpinus 
Nail galls 2 mm long on cladodes 

Polygonaceae 

Muehlenbeckia a..dllaris 
Leaf pouch gall 

Haloragaceae 

Gonocarpus aggPegatus 
Reddish swollen stems and buds 

Gall-causing animal 

Coccid 

Eriophyes sp. (mite) 

Tegonotus haloragi (mite) 



Thymelaeaceae 

Pimelea sePiceo-viZZosa 
Witches broom 

PimeZea tra:versii 
Witches broom 

Rosaceae 

Rubus cissoides 
Woody stern gall 

Papilionaceae 

Carrnichaelia PivuZata 
,Grey pilose bud galls 

Carrniahae Zia sp. 
Cladode swelling 

\ Fagaceae 

Nothofagus solandri var. cZiffortioides 
Leaf erineurn 
Leaf pouch gall 
Capitate leaf gall 
Bud gall 
Bud gall 
Twig gall 

Loranthaceae 

EZytranthe (PeraxiZla) tetrapetala 
Leaf gall 

Ericaceae 

Gaulthena crassa 
Witches broom 

Epacridaceae 

DraaophyZlum uniflorum 
Swollen terminal buds 

Rubiaceae 

Coprosma sp. aff. parviflora 
C. propinqua 
C. Unariifolia 
C. aheesemanii 

Stem galls 
Coprosma microcarpa 
C. rugosa 

Leaf pouch galls 
Coprosma sp. aff. parviflora 

Pilose bud gall 
Coprosma cheesemanii 
C. miaroaarpa 

Bud gall 
Coprosma pseudocuneata 
C. miarocarpa 

Leaf erineum 

Cornpositae 

Cassinia fulvida 
Witches broom 
Bud gall 

Heliahrysum belZidioides 
Spherical capitulum gall 
Vegetative bud gall 

* Hypoahaeris radiaata 
Fusiform stern swellings 

OZearia avicenniaefolia 
Bud rosette gall 

RaouZia hookel"i 
Bud galls 

Scrophulariaceae 

Hebe brachysiphon 
Hebe spp. 

Vegetative apex gall 
Woody stem galls 

Parahebe deao:ra 
Bud gall 
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Ace Pia sp, {mite) 

Aceria sp, {mite) 

Cecidomyidae (midge) 

Aaeria aarmichaeliae {mite) 

Cecidomyidae {midge) 

Eriophyidae {mite) 
Aceria sp. {mite) 
Eriophyidae (mite) 
Eriophyidae (mite) 
StephodipZosis nothofagi 
(? midge) 

Not known 

Vasetes gaulthel"iae {mite) 

Eriophyes dracophylli {mite) 

Kiefferia coprosmae (midge) 

Eriophyidae {mite) 

Aceria aottieri {mite) 

Oligotrophus coprosmae (midge) 

PhylZocoptes coprosmae (mite) 

EPiophyes sp. {mite) 
Cecidomyidae {midge) 

Cecidornyidae (midge) 
?Cecidornyidae {midge) 

Phanaais hypochoeridis (Cynipid wasp) 

Cecidomyidae (midge) 

Cecidomyidae {midge) 

Unknown 
Cecidomyidae (midge) 

Cecidornyidae (midge) 
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23. CHECKLIST OF THE FAUNA OF CASS 

The animal groups are listed by phyla, then classes or orders (subclasses or suborders in 
some instances) and, wherever possible, by families. Arrangements are generally according to 
major references, noted at the end of the checklist. The various parts of the list were 
prepared by one or more compilers as follows: Stream and river animals, M.J. Winterbourn; 
Lake animals, Vida M. Stout; Internal parasites, Bertha Allison and Shirley Rind; Nematodes, 
W.C. Clark; Terrestrial invertebrates, J.S. Dugdale (Lepidoptera, tachinid flies), P.M. Johns, 
C.J. Burrows; Terrestrial vertebrates, C.J. Burrows. Important work in collection, 
identification and study of the animals has been done by many people, including E.G. White, 
A.G. McFarlane, R.L. Pilgrim, H.B. Wiseley, R. Bigelow and others, as noted in articles 19, 
20 and 21. 

To attain uniformity with the checklist of the flora the separate lists from lakes, streams 
and terrestrial habitats have been combined under the appropriate taxonomic headings, but the 
habitat information in the checklist enables them to be separated again, if necessary. 
Habitat lists and keys to some groups are held in the Zoology Department. 

In many instances, taxonomic work has not been carried to its ultimate conclusion so there 
are groups of taxa unidentified beyond generic, family, or even higher taxonomic levels. 

In some instances habitats are not given for terrestrial animals. These were taken from the 
literature and habitats were not described by the authors. Large numbers of species (or higher 
taxa) were recorded by White (1964) from valley grasslands and scrub. The habitat note is 
abbreviated to v.g. for these and any others from this broad habitat. * indicates introduced 
species, T indicates that the species has Cass as its type locality. 

TRICHOMONADIDA 

Trichomonas hoplodactylus 

PROTOZOA 

parasite in rectum of gecko Hoplodactylus 
pacificus 

The Protozoa are virtually unstudied, but many forms are known to occur. 

Spongillidae 

Ephydatia fluviatilis (Linnaeus) 

HYDROZOA 

Hydridae 

Ch lorohydra v1'.ridissima (Pallas) 

TURBELLARIA (Flatworms) 

TRICLADIDA 

Cura pinguis (Weiss) 

Neppia montana (Nurse) 

Spathula limicola Nurse 

Geoplana spp. 

Artioposthia spp. 

RHABDOCOELA 

Mesostoma ehrenbergii (Focke) 

TREMATODA 

DIGENEA 

Acanthostomidae 

Telogaster opisthorchis Macfarlane 

PORIFERA (Sponges) 

freshwater sponge 

COELENTERATA 

hydra 

PLATYHELMINTHES 

stones, and other solid substrates, in lakes 

mostly on vegetation, in lakes 

on vegetation and stones in lakes, 
tarns and streams 

on stones; forest streams 

in small, muddy, stable streams 

several species in forest, wet rocky 
areas and alpine-subalpine grassland, 
debris 

on vegetation and stones in lakes and tarns 

cercaria parasitic in Potamopyrgus 



Lepocreadiidae 

Stegodexamene anguillae Macfarlane 

Dicrocoeliidae 

Pa:Padistorrwn paaifiaus 

Gorgoderidae 

PhyZZodistorrwn anguiZZae 

MONOGONONTA 

PWIMA 

Brachionidae 

Euchlanis sp. 

KerateZla aoahlearis (Gosse) 

K. quadrata (Mueller) 

Trichocercidae · 

Triahoaeraa simiZis (Wierzejski) 

T. styZata (Gosse) 

Gastropodidae 

Asaomorpha sp. 

Asplanchnidae 

Asplanahnopus sp. 

AspZanahna priodonta Gosse 

Synchaetidae 

Synahaeta peatinata Ehrenberg 

Polyarthra vulgaris Carlin 

FLOSCULARIACEA 

Testudinellidae 

PomphoZyx aomplanata Gosse 

F->:tinia Zongiseta (Ehrenberg) 

F. terminaZis (Plate) 

PHYLACTOLAEMATA 

Plumatellidae 

PlumateZla repens (Linnaeus) 

ADENOPHOREA 

ARAEOLAIMIDA 

Plectidae 

AnapleatUB granulosus (Bastian, 1865) 

Pleatus spp. 

Wilsonema otophorum (de Man, 1880) 

Bastianidae 

Bastiana sp. 

Leptolaimidae 

Rhabdolaimus sp. 

MONHYSTERIDA 

Monhysteridae 

Monhystera sp. 

Monhystrellus sp. 
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as for TeZogaster 

in gall bladder of gecko HopZodaatylus paaifiaus 

in urinary bladder of AnguiUa spp. 

ROTIFERA (Wheel Animalcules) 

all in the plankton of lakes 

BRYOZOA (Moss Animalcules) 

on vegetation and stones in lakes 

ASCHELMINTHES 

NEMATODA (Round-, Thread- or Eel-worms) 

freeliving in soil 

in soil 

among vegetation in lakes 



CHROMADORIDA 

Chromadoridae 

Chromadora sp. 

Cyatholaimidae 

Odontolaimus sp. 

ENOPLIDA 

Tripylidae 

Tobri lus sp. 

DORYLAIMIDA 

Dorylaimidae 

DoryZaimus sp. 

Eudorylaimus spp. 

Mesodorlaimus sp. 

Aporcelaimus spp. 

Aporcelaimellus spp. 

Nygolaimus sp. 

Tylencholaimus sp. 

Belondiridae 

Dorylaimellus sp. 

Leptonchidae 

Tylencholaimellus spp. 

Mononchidae 

Mononchus propapillatus Clark, 1960 

Mylonchulus sp. 

Prionchulus muscorum (Dujardin, 1845) 

Diphtherophoridae 

Diphtherophora sp. 

T!{ICHOSYRINGIDA 

Merrni thidae 

Several unstudied spp. 

Dioctophymatidae 

Eustrongylides sp. 

SECERNENTEA 

RHABDITIDA 

Rhabditidae 

Rhabditis spp. 

Mesorhabditis sp. 

Pe lodera. sp. 

Diploscapter sp. 

Cephalobidae 

Cephalobus sp. 

Chiloplacus sp. 

Cervidellis sp. 

Acrobelloides spp. 

TYLENCHIDA 

Tylenchidae 

Tylenchus spp. 

!Jitylenchus sp. 

Aglenchus neozelandicus Egunjobi, 1967 

Cephalenchus sp. 

Tylenchorhynchus sp. 
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in soil 

among vegetation in lakes 

among vegetation in lakes 

among vegetation in lakes 

in soil 

in soil 

in arthropods 

larvae in stomach and body cavity of trout and 
eels, ad;,l ts in Phalacrocora:r; carbo 

in soil 

in soil. Many feed on fungi and higher plants 



Hoplolaimidae 

HeUcotylenchus (s.lat.) spp. 

Pratylenchus sp. 

Criconematidae 

CY'iconemoides sp. 

Paratylenchus sp. 

Aphelenchidae 

Aphelenchus avenae Bastia, 1865 

Aphelenchoididae 

Aphelenchoides spp. 

Bursaphelenchus sp. 

Seinura demani (T. Goodey, 1928) 

ASCARIDIDA 

Thelastomatidae 

Wetanema· hula Dale, 1967 

Seuratidae 

Paraquimperia sp. 

SPIRURIDA 

Cucullanidae 

Cucullanus sp. 

Acruariidae 

Schistorophus n.sp. 

Diplotriaenidae 

Serratospiculum sp. 
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) in soil. Many feed on fungi and higher 
)plants. 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

in hindgut of Herrrick-ina maori 

in intestine of Anguilla spp. 

in intestine of Anguilla spp. 

in gizzard of Haematopus ostralegus 

in air sacs of Palco novaeseelandiae 

The nematodes of the region are little studied, and this list is very incomplete. The species parasitic 
in introduced mammals have not been studied in this region and are not listed, but are undoubtedly present. 

NEMATOMORPHA (Gordian or Horse Hair Worms) 

Gordiidae 

A number of species are known as parasites of spiders, wetas and other insects. They have not been 
described or referred to genera. The adults are often seen in pools in forest streams·. 

OLIGOCHAETA 

Lumbricidae 

* Eisen·ie lla te traedra 

*Allolohophora caliginosa 

*Lumhricus ruhellus 

L. castaneus 

Megascolecidae 

Neochaeta forsteri Lee, 1959 

Diprochaeta ohtusa Lee, 1952 

Octochaetus multiporus (Beddard, 1885) 

Maoridrilus modestus Michaelson, 1910 

Others are certain to be present 

Lumbriculidae 

Lumhriculus variegatus (Mueller) 

Naididae 

Tubificidae 

HIRUDINEA (Leeches) 

RHYNCHOBDELLIFORMES 

Glossiphoniidae 

Glossiphonia multistriata Mason 

ANNELIDA (Segmented Worms) 

among vegetation in lakes, stony streams, rivers 

soil near Field Station 

forest litter 

bottom mud of lakes, stony streams, rivers 

among vegetation and in mud in lakes, streams 

among vegetation and in mud in lakes, 
streams, rivers 

on vegetation in lakes 



Placobdella maorica Benham 

Peripatopsidae 

Ooperipafus viridimaculatus (Dendy, 1900) 

CLADOCERA 

Daphnidae 

Ceriodaphnia dubia Richard 

Daphnia carinata King 

Simocephalus vetulus (O.F. Mueller) 

S. exspinosus (Koch) 

Bosminidae 

Bosmina meridionalis Sars 

Macrothricidae 

Ilyocrypt;us sordidus (Lierin) 

Chydoridae 

A Zona affinis (Leydig) 

A. costata sars 

A. guttata Sars 

Chydorus sphaericus O.F. Mueller 

Graptoleberis testudinaria (Fischer) 

Monospilus dispar Sars 

Pleuroxus hastirostris Sars 

OSTRACODA 

cytheridae 

Cypridopsis vidua (O.F. Mueller) 

Cyprinotus incongruens (Ramdohr) 

Cyprinotus sp. 

Candonocypris sp. 

Gomphocythere duffi (Hornibrook) 

Herpetocypris pascheri Brehm 

Darwinulidae 

Da:rwinula repoa Chapman 

cqPEPODA 

CALANOIDA 

Centropagidae 

Boeckella dilata Sars 

B. hamata Brehm 

B. triarticulata Thomson 

CYCLOPOIDA 

Cyclopidae 

Acanthocyclops vernalis (Fischer) 

Eucyclops serrulatus (Fischer) 

Paracyclops fimbriatus (Fischer) 

Tropocyclops prasinus (Fischer) 

Mesocyclops sp. 

Harpacticoidea 

Unidentified species 
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ARTHROPODA 

ONYCHOPHORA 

CRUSTACEA 

on stones and vegetation in lakes, and 
parasitic on ducks 

rare, wet forest and rocky areas 

in plankton of lakes 

in plankton of tarns and L. Letitia 

among vegetation in lakes and tarns 

among vegetation in lakes 

in plankton of lakes 

among vegetation in shallow water 

among •1egetation and in bottom mud 

among vegetation and in bottom mud 

among vegetation and in bottom mud 

among vegetation in lakes 

of 

of 

of 

lakes 

lakes 

lakes 

among vegetation and in bottom mud of lakes 

among vegetation and mud in shallow water in 
lakes 

in tarns 

slow streams in open tussock country 

among vegetation in lakes 

among vegetation in lakes 

in tarns 

among vegetation in lakes 

in plankton of Lakes Rawdon, Letitia and Marymere 

in plankton of L. Pearson 

in tarns, and plankton of Vagabonds Inn 

in tarns and among vegetation in lakes 

among vegetation, and occasionally in plankton, 
of lakes 

among vegetation of lake 

among vegetation of lake 

still stream margins 

in mud and among stones of lakes, small 
forest streams. 



Scyphidae 

Genera and species indet. 

Porcellio scaber Latrielle 

8phaeriUo sp. 

Orchestia sp. 

CHILOPODA 

SCOLOPENDROMORPHA 

Cryptopidae 

Cryptops dilagus Archey, 1921 

C. australis Newport, 1845 

GEOPHILOMORPHA 

Schendylidae 

Ballophilus hounselli Archey, 1936 

Chilenophilidae 

Schizo1°ibautia bri ttini Archey, 19 22 

Zelanion sp. 

LITHOBIOMORPHA 

Henicopidae 

Hem:cops maculatus Newport, 1844 

Lwnyctes emat•ginatus (Newport, 1844) 

Haas1:eUa traiUi (Archey, 1917) 

Anopsobiidae 

Anopsobius neozelanicus Silvestri, 1909 

Craterostigmatidae 

Craterostigmus sp. 

SYMPHYLA 

Scolopendrellidae 

Symphylella vulgaris Hansen, 1903 

Scutigerellidae 

Hanseniella forsteri Adam & Burtel, 1956 

H. proxima 

Hansenie l la sp. 

H. vulgata 

PAUROPOD/.\ 

Pauropidae 

Pauropus huxleyi Lubbock 

Sty lopauropus infidus Remy 1956 

DIPLOPODA 

Polyxenidae 

Propolyxenus forsteri Conde 1951 

Sphaerotheriidae 

Procy Ziosoma de lacyi 

Dalodesmidae 

Pseudoprionope l Us cinereus Carl, 190 2 

Icosidesmus variegatus Carl, 1902 

TI. cismontanus Johns, 1964 

I. saxatilis Johns, 1964 

I. montanus Johns, 1964 

slater 
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ISOPODA (Slaters, Wood Lice) 

semi-aquatic, mosses in streams 

locally abundant, near settlement 

forest litter 

AMPHIPODA (Hoppers) 

torest litter and damp areas 

MYRIAPODA (Millipedes, Centipedes) 

common, forest litter 

uncommon, western forest litter 

uncommon, dry forest, scrubland 

rare 

common, forest and scrubland 

common, forest litter 

common, forest litter, subalpine 

uncommon, forest litter, subalpine 

common, forest litter 

uncommon, western forest, subalpine 

rare, under Nothofagus bark 

rare, western forest 

locally abundant, dry forest and scrubland 

subalpine scree 

subalpine scree 

subalpine scree, scrub and upper forest 
(western areas) 



I. (E,) barathrodes Johns 1964 

Di ty 7,ou:roa Zissognatha Johns 1 19 70 

D. cothonognatha Johns, 1970 

D. un·iaostata Johns, 1970 

D. edaphiaa Johns, 1970 

Erythrodemus echinopogon Johns, 1970 

Cambalidae 

Dimerogonus sp. A 

Dimerogonus_ sp. B 

Julidae 

* CyZindi'Cn'.uZus britannicus (Verhoeff, 1891) 

* OphyiuZus piZosus (Newport, 1842) 

Metopidiotrichidae 

Schedotrigona ?3 spp. 

Siphonophoridae 

Siphonophora spp. 

Polyzonidae 

Siphonethus spp. 

THYSANURA (Silverfish, Bristletails) 

Lepismatidae 

HeteroZepisma 2eaZandica (Tillyard, 1924) 

DIPLURA 

Japygidae 

Holjapyx sp. 

Campodeidae 

Campodea sp. 

PR0TURA 

Eosentomidae 

Eosentomon sp. 

ARCHEOGNATHA 

Meinertellidae 

Nesomachilis spp. 

COLLEMBOLA (Springtails) 
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western, forest litter 

eastern, forest litter 

western, forest litter 

western, forest litter 

eastern, forest litter 

near settlement 

common, forest litter 

INSECTA (Insects) 

rare, dry tussock 

forest and subalpine fellfield 

uncommon, in dry rocky areas 

LepidophoreZZa brachycephaZa forest leaf litter 

Many other species are represented. White (1964) collected many, but they were not identified. 

EPHEMER0PTERA (Mayflies) 

Siphlonuridae 

ColobUl'iscus humeralis (Walker) 

Nesameletus omatus (Eaton) 

Oniscigaster distans Eaton 

Leptophlebiidae 

Deleatidium spp. 

Zephiebia scita (Walker) 

0DONATA (Dragonflies) 

Lestidae 

AustroZestes coZensonis (White) 

Coenagrionidae 

Xanthocnemis 2ealandica (McLachlan) 

blue damsel 

red damsel 

stable, stony streams 

stony streams and rivers 

pools in larger streams 

widespread in streams, rivers and lakes on 
wind-exposed shores 

slow .forest streams 

marginal stream vegetation, lakes, tarns 

marginal vegetation of lakes and ponds 
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Petaluridae 

Urope ta la carove-i (White) 

Corduliidae 

Procordulia grayi (Selys) 

giant drag.onfly 

P. smithii (White) 

PLECOPTERA (Stoneflies) 

Eustheniidae 

Stenoperla prasina (Newman) 

Aus trope r lidae 

Austroper•Za cyrene (Newman) 

Gripopterygidae 

Aucklandobius spiniger (Tillyard) 

II. trivacuatus (Tillyard) 

Megaleptoperla d1:minuta Kimmins 

M. gr>andis (Hudson) 

Zelandobius confusus (Hare) 

Z. fUPd Zlatus Till yard 

Ze landobius sp. 

Zelandoperla agnetis McLellan 

Z. decorata Tillyard 

Z. fenestrata Tillyard 

Notonemouridae 

dragonfly 

Cristaperla fimbria (Winterbourn) 

Halticoperla viriclans McLellan & Winterbourn 

Spaniocerca zealandica Tillyard 

Spaniocercoides hudsoni Kimmins 

0RTH0PTERA 

•rettigoniidae (Locusts) 

Concephalus bilineatus (Erichson, 1891) 

Gryllidae (Crickets) 

Pteronemobius sp. 

Metioche maoricum Walker 

Henicidae (Wetas) 

Hemideina mam'i (Pictet & Saussure, 1891) 

Hemideina sp. nr. connectans 

Zelandrosandrus sp. 

Hemianch•us sp. 

Raphidophoridae (Cave wetas) 

Isoplectron calcaratwn Hutton, 1897 

Isoplectron sp. 

Pleioplectmn simplex Hutton, 1897 

PetJ,otettix ser2,atus Richards, 1972 

P. spinosus Richards, 1972 

Pharmacus montanus Pictet & Saussure black alpine weta 

hillside seepage 

slow, stable streams; beneath banks, lakes 

vegetation, mud in lakes 

turbulent, stony streams, lakes on wind-exposed 
shores 

on litter and wood in forest streams, stones on 
wind-exposed lake shores 

margins of stony forest streams 

margins of stony streams 

pools in forest streams 

flowing water, streams and rivers 

stony streams 

open, stable streams, wind-exposed lake shores 

steep, forest streams 

stony forest streams 

fast, larger streams 

turbulent forest streams, moss 

pools in forest streams 

films of water on rocks 

widespread; open and forest streams 

seepage or small forest streams 

abundant in summer, v.g. 

abundant, v. g. 

rare, grassland 

eastern subalpine scree and grassland 

alpine debris 

forest litter 

forest soil, v.g. (White 1964) 

common, eastern forest 

common, western forest 

uncommon, eastern forest 

alpine scree 

alpine scree 

western alpine scree, rocks 

Three unidentified species (probab~y among those above) were recorded from v.g. by White (1964). 

Acrididae (Grasshoppers) 

Sigaus campestris (Hutton, 1897) 

S. villosus (Salmon, 1950) 

Brachaspis nivalis (Hutton, 1897) 

Paprides niUdus Hutton, 1897 

PhauZacridium marginaZe (Walker, 1870) 

DERMAPTERA (Earwigs) 

Labiduridae 

ParisoZabis no1Jaezee Zandiae Verhoeff, 1904 

uncommon, lowland grassland 

comrnori, alpine scree 

abundant, alpine and subalpinc scree 

abundant, subalpine grassland and scree 

abundant, v.g. 

common, forest litter 



* Forficul.a auz-icularia 

BLATTODEA (Cockroaches) 

Blattidae 

Celatoblatta vulg=is Johns, 1966 

C. monta:na Johns, 1966 

Parel-zipsidion inaculeatum Johns, 1966 

common earwig 

Unidentified species were recorded by White ( 1964) • 

MANTODEA (Mantids) 

·Mantidae 

Orthodera ministralis 

PHASMATODEA (Stick Insects) 

Phasmatidae 

?Micrarehus sp. 

Several unidentified species occ;,.ur in forests. 

ISOPTERA (Termites) 

Unidentified sp. 

PSOCOPTERA (Book Lice) 

Philotarsidae 

?cfondopoocua for>moaellus Tillyard 

Atropidae 

lltPopos pu1,aator>ia (Muller) 

Troctidae 

Troctes divinatorius (L.) 

Mesopsocidae 

Mesopsoaus stigmatiaus Till. 

One unidentified species recorded by White (1964). 

Myopsocidae 

Myopsoeus sp. 

Caeciliidae 

Caeailius zelandiaus Till. 

Caeci lius sp. 

Maoripsoaus semifuscatus Till. 

Maoripsoaus sp. 

Ectosoaus congener> Till. 
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near settlement 

abundant, forest logs and scrubland 

abundant, subalpine scree 

uncommon, subalpine grassland 

very rare 

snowgrass, Sugarloaf (White 1964) 

occur, but are rare 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g., abundant_ (White 1964) 

v.g., scrub, forest (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

Three unidentified species of Per>ipsoaopsis and one Eupsoaid species were recorded (White 1964) . 

MALLOPHAGA (Bird Lice) 

Unidentified SPP. 

HEMIPTERA: HOMOPTERA 

Cicadidae (Cicadas) 

Kikihia a:ngusta (Walker) 

K. subalpina Hudson 

Kikihia species H 

Maor>iaiaada aampbellii (Myers) 

0M. hamiltoni (Myers) 

M. rrri.ngu (White) 

M. or>omelaena (Myers) 

M. cassiope (Hudson) 

Rhodopsalta aruentata (Fabricius) 

Jassidae (Leaf Hoppers) 

Batraehomorphus sp. 

Deltoaephalus sp. 4 

ectoparasites on various birds 

valley to alpine grassland 

valley scrub, forest 

subalpine scrub 

stable riverbed, terrace faces, dry grasslands, 
valley to subalpine 

open riverbed 

eroded areas, subalpine, alpine 

subalpine, alpine grassland, debris, scree 

subalpine scrub, forest 

valley scrub, dry sites 

tussock, scrub (White 1964) 

v.g. abundant (White 1964) 

Three other species of Deltoaephalus were recorded by White (1964). 
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XestocephaZus sp. rare (White 1964) 

Diviaticus hospes (Kirk) v.g. (White 1964) 

Four unidentified Jassids were recorded by White (1964). One is common in beech forest. 

Cixiidae 

Oliar,us oppositus (Walk.) 

Semo cZypeatus Buch-White 

Delphacidae 

Nilaparvata myersi Muir 

Psyllidae (Jumping Plant Lice) 

Trioza discariae Tut. 

T. faZcata (Ferr. & Klyv.) 

T. b1:fi'da (Ferr. & Klyv.) 

T. acuta (Ferr. & Klyv.) 

T.vioza sp. 

Aphididae (Aphids) 

Br;,chycaudus he Uchrysi (Kl tb.) 

*Pentatrichopus tetrarhodus (Walk.) 

*My zaphis rosarum (Kltb.). 

Cavariella aegopodii (Scop.) 

*RhopaZosiphum padi (L.) 

*R. splendens (Theo.) 

*Aphis nerii (Fonsc.) 

*A. craccivora Koch 

*A. gossypii Glov. 

*Macrosiphum euphorbiae (Thom.) 

*M. rosae (L.) 

*M. avenae (Fab.J 

*Capitophorus eZeagni (Del Guer) 

Aulocorthum so'lani (Kltb.) 

*Hyperomyzus Zactucae (L. J 

*Myzus persicae (Sulz.J 

*M. cerasi (Fab.) 

*Brevicoryne brassicae (L.) 

*Lipaphis erysimi (Kltb) 

Thripsaphis sp. 

*Trifidaphis phaseoli (Pass) 

Aploneura tentisci (Pass) 

Pseudococcidae 

Pseudococcus oarooruensis 

subalpine grassland; abundant (White 1964) 

subalpine (White 1964) 

valley-subalpine (White 1964) 

very abundant (White 1964); feeds on D1'.sr,aria. 

abundant (White 1964); may feed on Aristotelia 

v.g. (White 1964); may feed on Olearia 

v.g. (White 1964); may feed on Cass-inia 

v.g. (White 1%4) 

v.g. (White 1964) 

On Rosa rubiginosa (White 1964) 

v.g. (White 1964) 

moderate numbers v.g. (White 1964) 

v.g. (White 1964) 

moderate numbers, v.g. (White 1964) 

v.g. (White 1964) 

abundant v.g. (White 1964) 

v.g. (White 1964) 

subalpine grassland (White 1964) 

v.g. (White 1964) 

damp sack, (eats grass roots) 

on Muehlenbecl<ia 

Seven unidentified species of Pseudococcus (sens. lat.) were recorded from valley grasslands by White (1964). 

Rhizocoecus sp. 

Eriococcidae (Scale Insects) 

*E'riococcus orariensis 

Eriococcus sp. 

Eriocoecus sp. 

El'iococcus sp. 

Coccidae (Scale I.nsects) 

Coccus sp. 

Hemiberlesia sp. 

Margarodidae (Waxy Scales) 

Coelostomidia sp. 

Ul.tm.coe lostoma assimi le 

Coelos.toma zeaZandiea 

manuka blight 

beech scale 

Two unidentified Coccoid species were recorded by White (1964). 

subalpine grassland, probably associated with 
ChionochZoa (White 1964) 

Leptospermum 

v.g. (White 1964) 

Chionochloa pallens 

Pime lea spp. 

on Cassinia fulvida 

Pimelea spp. 

moderate numbers v.g.; bases of tussock (White 19641 

Nothofagus 

Muehlenbeekia 



l!Ji!MIP1'ERI\: HETEROPTERA 

Lygaeidae (Plant Bugs) 

Nysius huttoni Buch. White 

Hudsona anceps (Buch. White) 

Rhypodes myersi Usinger 

R. chinai Usinger 

Brentiscerus putoni (Buch. White) 

Cydnidae (Burrower Bugs) 

Choerocydnus nigrosignatum Buch. White 

Pentatomidae (Shield Bugs) 

?*Rhopalimorpha obscura A. White 

Cermatulus nasalis hudsoni Woodwd 

Dictyotus caenosus (Westw.) 

Aradidae (Flat ugs) 

Aneurus brouni B. White 

Nabidae 

Nabis maoricus Walk 
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v.g. abundant (White 1964) 

v.g. (White 1964) 

Celmisia flowers (White 1964) 

v. g. (White 1964) 

v.g. (White 1964) 

silver tussock, sweet vernal (White 1964) 

v.g. (White 1964); predator on Lepidoptera 

v.g. (White 1964) 

grassland (White 1964). Rare 

V. g. (White 1964) redator on insects 

N. capsiformis Germ v.g. (White 1964) 

Miridae (Leaf ugs) 

Megaloceroea reuteriana Buch W 

Sthenarus myersi Woodwd 

Lygus sp. 

Romna sp. (two species) 

Three unidentified Mirids were recorded by White (1964). 

Cryptostemmatidae 

Two unidentified species were recorded by White (1964). 

Veliidae (Pond Skaters) 

Microvelia macgregori (Kirkaldy) 

Notonectidae (Backswimmers) 

Anisops assimilis White 

A . wake fie ldi White 

Corixidae (Water Boatmen) 

Diaprepocoris zealandiae Hale 

Sigara arguta (White) 

S. potamius Young 

THYSANOPTERA (Thrips) 

Many unidentified species were collected in v.g. (White 1964). 

MEGALOPTERA (Alder Flies) 

Corduliidae 

Archichauliodes diversus (Walker) 

NEUROPTERA (Lacewings) 

Osmylidae 

Kempyrus sp. 

Hemerobiidae 

M1:oromus tasmaniae 

MECOPTERA (Scorpion Flies) 

Nannochoristidae 

Miorochorista phiZpotti (Tillyard) 

LEPIDOPTERA (Moths, Butterflies) 

Arctiidae 

Metacrias strategica (Hudson) 

Nyotemera annuZata (Boisduval) 

v.g. abundant (White 1964) 

v.g. (White 1964) 

v.g. 

v.g. 

on water surface of tarns and sheltered shores 
of lakes 

common in tarns and rarer at edges of lakes 

common in tarns and rarer at edges of lakes 

among vegetation in lakes and large tarns 

in tarns and among vegetation in lakes 

shingle riverbed (White 1964) 

larger stony streams and rivers 

spray zone beside streams 

v.g., moderate numbers, feeds on aphids 
(White 1964) 

muddy pools in small, forest streams 

larva polyphagous, grass and swards; v.g. 
(White 1964) 

larva on Senecio, Ereahtites; v.g. (White 1964) 



Carposinidae 

CaPposina canescens Philpott 

Coleophoridae 

Coleophom al-cyonipenneUa Kollar 

C'. spissicomis Haworth 

Cosmopterigidae 

Batrached:r>a tristica Meyrick 

Elachistidae 

Cosmiotes helonoma Meyrick 

C. ombr•odoca Meyrick 

"El-achista II gerasmia Meyrick 

IrenicodEs ochroleuca Meyrick 

Gelechiidae 

Anisoplaca ptyoptera Meyrick 

Gelechia lithodes Meyrick 

G. monophragma Meyrick 

G. parapleura Meyrick 

G. schematica Meyrick 

Megacraspedus calamogonus Meyrick 

Geometridae 

Anachloris subochraria Doubleday 

Asaphodes abrogata (Walker) 

A. chlamydota (Meyrick) 

A. clarata (Walker) 

Dasyuris anceps (Butler) 

D. partheniata Guenee 

Declana glacialis Hudson 

D. junctilinea Walker 

Dichromodes gypsotis Meyrick 

D. sphaeriata (Felder) 

Epicyme rubropunctaria (Doubleday) 

Epiphryne undosata (Felder) 

Helastia cineraria (Doubleday) 

H. orophyla (Meyrick) 

!1. rosearia (Doubl~day) 

H. semifissata (Walker) 

H. semisignata (Walker) 

H. subobscurata (Walker) 

l-/ornodotus megaspilata Walker 

"Hydriomena II de Uoidata (Walker) 

H. r•ixata (Felder) 

H. prionota Meyrick 

Lythria pe1'omata (Walker) 

L. catapyrrha (Butler) 

Notoreas brephos (Felder) 

N. paradelpha (Meyrick) 
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Sugar Loaf fan v .g. (White 1964) 

improved (clover-added) pastures, up to 900 m 
(White 1964) 

as for above, but rarely encountered (White 1964) 

reported from Ribbonwood Fan (White 1964) 

miner in grasses, v.g. to alpine gras1:.1lands 
(White 1964) 

miner in grasses, e.g. Poa, Agropvron; 
v .g. (White 1964) 

probably mining in sedges, valley (White 1964) 

mainland Iren-icodes mine lamina of grasses 
(Dugdale 1971) Sugarloaf, subalpine 

larva stem-boring in Carmichae lia; v. g. 
(White 1964) 

larva detritus feeder, rocky sites; v.g. 
(White 1964) 

v.g. (White 1964) 

v.g. to alpine; larva in seedheads, Chionochloa, 
Cortaderia (White 1964, biological details) 

v.g.; larva polyphagous, on flowers (White 1964) 

valley, boggy sites (White 1964) 

v.g. I scrub, forest (White 1964) 

v.g. to alpine (White 1964) 

v.g. to alpine, bare ground (White 1964) 

v.g. to alpine; larva on Aciphylla (White 1964) 

subalpine-alpine; larva on Dracophyllum; 
Craigieburn Ra (JSD) 

v.g. to subalpine; larva polyphagous on shrubs 
(White 1964) 

v.g., rocky areas; larva on lichens (White 1964) 

as above (White 1964) 

v.g.; larva on Gonocarpus; also Geranium, rarely; 
possibly vagrant in area 

larva on Hoheria (Hilgendorf 1918) 

v.g. to subalpine (White 1964) 

subalpine-alpine; larva polyphagous in 
swards (White 1964) 

v.g., larva polyphagous, swards on dicots 
(White 1964) 

v.g. to alpine; larva polyphagous, on swards 
(White 1964) 

v.g.; larva polyphagous, on swards (White 1964) 

v.g. to subalpine; larva on Gingidia montana 
(White 1964) 

larva on leaf litter in forest (Hilgendorf 1918) 

v.g,, larva on Plantago (White 1964) 

valley, usually forest (White 1964) 

v.g., larva on Coprosma (Dugdale 1971) 

v.g, to alpine; larva on Pimelea (White 1964) 

v.g. to subalpine (White 1964) 

v.g. to alpine; larva on F:pi:lobium, but 
probably oligophagous (White 1964) 

alpine, rarely subalpine; larva probably on 
IJi,apetes (White 1964) 



Orthoclydon chlorias (Meyrick) 

Pasiphi la bi lineolata (Walker) 

P. nerc-io Hudson 

P. r'Ube l la Philpott 

Selidoserra aolpogramma Meyrick 

S. leucelaea Meyrick 

Sestra hv.meraria Walker 

*Scapula 1'Ubmria (Doubleday) 

*Zermizinga indocilisaria Walker 

Glyphipterigidae 

Glyphipterix acrothecta Meyrick 

G. barbata Philpott 

G. cionophora Meyrick 

G. iocheaera Meyrick 

G. oxymachaera Meyrick 

G. triselena Meyrick 

Choreutidae 

"Simaethis" microlitha Meyrick 

Gracillariidae 

Caloptilia linearis Butler 

Hepialidae 

Aomia aurimaculata Philpott 

Dioxycanus ereas (Hudson) 

Wiseana cervinata _ (Walker) 

Iv. umbraculata (Guenee) 

Lycaenidae 

Lycaena boldenarum F.B. White 

L. sallustius Fabricius 

Zizina otis oxleyi (Felder) 

Microptergidae 

Sabatinca zonodoxa Meyrick 

Nymphalidae 

Argyrophenga antipoda Doubleday 

Bassaris (Vanessa) gonerilla 
(Fabricius) 

Peranodaimon merula (pluto) 
Hewitson 

Noctuidae 

Agrotis ypsilon anietuma (Walker) 

"Aletia" cuneata Philpott 

A. g1eiseipennis (Felder) 

A. longstaffi (Howes) 

A. mitis (Butler) 

A. moderata (Walker) 

A. obsecrata Meyrick 
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porina 

purple boulder butterfly 

copper butterfly 

blue butterfly 

brown tussock butterfly 

red admiral butterfly 

black scree butterfly 

greasy cutworm 

usually associated with Floheria; (White 1964) 

usually associated with forest; White's record 
(1964) may refer to P. mc/,o<>hlor•a; Cw•rm:ehacUn 

v.g. to alpine; larvae in Celm1'.8ia capitula (JSD) 

subalpine-alpine; larva on Hebe (White 1964) 

v.g.-subalpine, larva on Cassinia (White 1964) 

valley forest remnants; larva on Podocarpaceae 
(White 1964) 

larva on Histiopteris and related ferns 
(Hilgendorf 1918) 

v.g.; larva on Plantago; adventive from Australia 
(White 1964) 

v.g.; larva po1yphagous, female brachypterous, 
introduced with shrubs from Australia (White 1964) 

v.g.-subalpine (White 1964) 

as above, Sugarloaf (White 1964) 

as above, throughout (White 1964) 

valley, larva mining stems of Juncus (White 1964) 

v.g.-alpine grassland (White 1964) 

v.g. (White 1964). 

v.g.-alpine; larva scouring undersides of 
Celmisia leaves (White 1964) 

v.g.-alpine, larva mining, later tying together into 
pouches Coriaria leaflets (White 1964, as C. elacas) 

subalpine-alpine, larva in shaft in ground, browsing 
surroi,mding herbage; Craigieburn Range (JSD) 

subalpine-alpine grasslands; larva often associated 
with Pestuca tussocks, cropping surrounding swards, 
in silk lined shaft among tiller bases or in soil; 
(White 1964 as W. ascendens) 

v.g. (White 1964, as despeata, jocosa) 

valley wetlands and damp pasture, often in 
Carex secta clumps (White 1964) 

v.g., larva on Muehlenbeckia axillaris, some 
adventive Polygonaceae (White 1964) 

valley-alpine, larva on Muehlenbeclcia austral-is, 
M. axillaris (White 1964) 

v.g. larva 011 clovers, dwarf Carmichael.ia, probably 
on Swainsonia (White 1964) 

valley-subalpine, larva on liverworts, wetlands; 
(Hilgendorf 1964) 

valley-alpine; larva on grasses, including 
adventives (White 1964) 

larva 011 Urtica, valley, adult euryzonal 
(White 1964) 

larva on Poa colensoi on eroding slopes 
(White 1964) 

v.g., possibly vagrant in area (White 1964) 

v.g.-alpine (White 1964) 

v.g. (White 1964) 

v.g.-subalpine (White 1964) 

v.g.-alpine, an important sward defoliator in 
native and adventive pastures (White 1964) 

v.g.-subalpine (White 1964). 



Andesia pessota (Meyrick) 

Ariathisa comma Walker 

Austramathes sp. nr fortis Butler 

Bityla defigurata Walker 

Euxoa admirationis (Guenee) 

Graphania agorastis Meyrick 

G. dis,jungens (Walker) 

G. furtiva (Philpctt) 

G. homoscia (Meyrick) 

G. infensa (Walker) 

G. insignis (Walker) 

G. Ugnana (Walker) 

G. Uthias (Meyrick) 

G. morosa (Butler) 

G. mutans (Walker) 

G. nuUifera (Walker) 

G. omoplaca (Meyrick) 

G. paracausta (Meyrick) 

G. phricias (Meyrick) 

G. ptena (Walker) 

G. prionistis (Meyrick) 

G. rubescens (Butler) 

G. ustistriga (Walker) 

G. xanthogramma (Meyrick) 

Ichneut1'.ca marmo1°ata (Hudson) 

I. ceraunias Meyrick) 

I. lata Philpott ) 

"Leucania" acontiatis Meyrick 

L. alopa Meyrick 

L. serrn'.vittata Walker 

L. unica (Walker) 

Meterana dotata (Meyrick) 

M. pictula White 

M. tartarea (Butler) 

M. omicron (Hudson) 

Persectania aversa (Walker) 

"Persectania" arotis (Meyrick) 

P. atristiga (Walker) 

P. propr-ia (Walker) 

Physetica caerulea (Guenee) 

Oecophoridae 

Endrosis sarcitrella Linnaeus 

At,omotrioha orrmatias Meyrick 

A. sordida (Butler) 

Bor•khausenia grata Philpott 

B. marcida Philpott 

B. terrena Phiipott 

B. ?armigerella-walker 

Cryptoleohia apoorypta (Meyrick) 

11!0 

southern army-worm 

v.g.-alpine; host possibly Hymenanthen, (White 1964) 

v.g.-subalpine; an extremely common cutworm 
(White 1964) 

v. g.; /1. fort-is larva feeds on Hymenan thera; 
usually placed in Homohadena (White 1964) 

v.g.; adults hibernate; larva on Muehlenbeckia 
(White 1964). (B. ser-icea Butler (White 1964) is 
probably a synonym.) 

v.g.-subalpine, larva a cutworm (White 1964) 

v.g. (White 1964) 

v.g.-alpine (White 1964) 

v.g.-alpine; larva polyphagous in wards (White 1964) 

v.g.-subalpine; larva on Cassinia (White 1964) 

valley, larva on Carex (White 1964) 

v .g., larva polyphagous on swards (White 1964) 

v.g. (White 1964) 

subalpine-alpine (White 1964) 

v.g. (White 1964) 

v.g.-subalpine; larva polyphagous, on swards 
(White 1964) 

v.g.-subalpine; larva in rosette centres, 
Aciphylla (White 1964) 

v.g.-subalpine; larva in swards (White 1964) 

as above (White 1964) 

v.g.-alpine (White 1964) 

valley, usually in fore,st (White 1964) 

v.g.-subalpine; (White 1964) 

v.g.-subalpine (White 1964) 

v.g.; larva polyphagous, shrubs or swards 
(White 1964) 

v.g. (White 1964) 

alpine, possibly vagrant adults 

alpine; larvae defoliate Chionochloa tussocks; 
pupal numbers sometimes exceed 2 per m2 , 

Craigieburn Ra (JSD) 
v.g.-alpine; grassland (White 1964) 

v.g.-subalpine grasslands (White 1964) 

v.g. damp grassland (White 1964) 

v.g.-alpine grasslands; larva possibly on 
Poa spp. (White 1964) 

larva on Nothofagus, arboreal (White 1964) 

larva on Pimelea (all spp.) (White 1964) 

forest (White 1964) 

(White 1964) 

v.g.; larva in Cortaderia (White 1964) 

v.g.-subalpine (White 1964) 

v.g.-alpine grasslands (White 1964) 

v.g.-alpine grasslands (White 1964) 

domestic, larva on plant fibre (White 1964) 

v.g.-subalpine; larva on litter in grassland 
(White 1964) 

as above 

larvae eat litter I some species in grassland 
swards, others in forest or scrub litter. 
The number of species recorded by White (1964) 
will be an unde~-estimate. 

v.g. scrub, forest, larva in old woodborer 
workings in branches, browsing on lichens· 
(White 1964) 



CrurLolcchin rhodobal'la Meyrick 

Heliostibes electrica Meyrick 

0xythecta austrina Meyrick 

Proteodes carnifex (Butler) 

Trachypedla conspicuella (Walker) 

Pieridae 

* Pieris rapae (Linnaeus) 

Psychidae 

Ciceticus omnivorus (Fereday) 

Pterophoridae 

Platyptilia repletalis (Walker) 
(as P. falcatalis, White 1964) 

StenopUlia celidota (Meyrick) 

S. orites Meyrick 

Pyralidae 

Diasemi,a g1?ammalis Doubleday 

Gadira acerella Walker 

Heliothela erebopsis Meyrick 

Mecyna flavidalis (Doubleday) 

M. adversa Philpott 

Nymphula nitens (Butler) 

0rocmmbus aethone llus (Meyrick) 

O. callirrous (Meyrick) 

O. corruptus (Butler) 

0. cyclopicus (Meyrick) 

O. dicrenellus (Meyrick) 

-b. enchophorus (Meyrick) 

0. ephorus (Meyrick) 

0. flexuosellus (Doubleday) 

o. lectus (Philpott) 

o. le1iJisi Gaskin 

o. paraxenus (Meyrick) 

0. ramosellus (Doubleday) 

o. •vittellus (Doubleday) 

O. vulgaris (Butler) 

0. xanthogrammus (Meyrick) 
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white butterfly 

case moth 

For a recent revision, see Gaskin 1975 (N.Z. J. Zool.). 

Pareromene epiphaea (Meyrick) 

Prote17 oeca comastis Meyrick 

v.g.-subalpine; larva on live Phullo,•imlw, (.}SD) 

v.g.-subalpine; larvae in tied tips, Cnssinia (JSD) 

subalpine-alpine; larva probably litter-eating 
(White 1964) 

forest; larva on Nothofagus solandri var. 
cliffortioides (White 1964) 

v.g. scrub, forest; larva browsing under 
Pseudocyphellaria-type lichens (White 1964) 

possibly vagrant in area; on crucifers and some 
Capparidaceae (White 1964) 

valley, at limit of altitudinal range in area; 
larva in long fusiform silk bag, polyphagous on 
shrubs, trees (White 1964) 

v.g., larva polyphagous on swards (JSD) 

subalpine-alpine; on Senecio flowers (White 1964) 

v.g.-subalpine (White 1964) 

v.g., grasslands, bush clearings (White 1964) 

v.g. (White 1964) 

v.g.-alpine grasslands (White 1964) 

v. g. -alpine; larva polyphagous on dicotyledons 
(White 1964) 

(White 1964) 

valley; larva on aquatic weeds, lakes, tarns 
(White 1964) 

lowland-alpine wetlands; diurnal (White 1964) 

lowland-subalpine, in Festuca tussocks (White 1964) 

v.g. (White 1964) 

v.g.-subalpine grassland (White 1964) 

subalpine-alpine grasslands (White 1964) 

subalpine-alpine grassland (White 1964) 

alpine grasslands (White 1964) 

v.g.-subalpine grasslands, a major sod web worm 
(White 1964) 

subalpine-alpine grasslands (White 1964) 

v.g., Poa tussocks (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g.-subalpine grassland (White 1964) 

v.g.-subalpine grassland (White 1964) 

riverbeds, larva on Raoulia (White 1964) 

subalpine-alpine; larva in moss (White 1964) 

v.g.-subalpine (White 1964) 

"Scoparia" 27 species (out of 105 in N.Z.) recorded by White (1964). Some common species and those important in 
pastures are noted below; also see Witlesia. Most species have moss-feeding larvae. 

Scoparia cataxesta Meyrick 

S. feredavi Knaggs 

S. melanaegis Meyrick 

S. ffdniscualis (Walker) 

S. philerga Meyrick 

S. rotuella (Felder) 

S. submarginalis - a minor sod web worm 

S. trivirgata (Felder) 

Tawhitia pentadactyla (Zeller) 

v.g.-subalpine, riverbeds (White 1964) 

lowland-subalpine wetlands (White 1964) 



Witlesia psamnitis (Meyrick) 

W. sabuZoseZZa (Walker) 

W. oculata (Philpott) 

Tineidae 

Archyala terranea (Butler) 

Monopis etheZeZZa (Newman) 

Tortricidae 

Acroclita discariana Philpott 

"Capua" semiferana (Walker) 

Catamacta aZopecana (Meyrick) 

Epichorista aspistana Meyrick 

E. hemionana Meyrick 

"Epichor1:sta" emphanes Meyrick 

"Eurythecta" Zeucothrinca Meyrick 

GeZophauZa siraea (Meyrick) 

HarmoZoga demiana (Meyrick) 

H. obZongana (Walker) 

H. sisyrana Meyrick 

Merophyas Zeucaniana (Walker) 

PZanotortrix conditana (Walker) 

8trepsicrates zopherana Meyrick 

"Tort1,{:r:" pictoriana (Felder) 

Iponomeutidae 

PZuteZZa antiphona Meyrick 

P. sera Meyrick 

P. xylostella Linnaeus 

"PZute l la" psammochroa Meyrick 

"Plutella" megalynta Meyrick 

Protosynaema steropucha Meyrick 

P. eratopis Meyrick 

P. cuaestosa Meyrick 

TRICHOPTERA (Caddises) 

Hydropsychidae 

Hyd1?opsyche colonica 

H. philpotti Tillyard 

H. tepoka Mosely 

H. tipua McFarlane 

Polycentropodidae 

Pleatroanemia maalaahlani Mosely 

Polypleatropus puerilis (McLachlan) 

Philopotamidae 

Dolphilodes mixta Cowley 

D. stenoaerca (Tillyard) 

Rhyacophilidae 

Costanhorema brachyptera McFarlane 

C, aallista McFarlane 

C. psaroptera McFarlane 

C, xanthoptera McFarlane 
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sod web worms; minor pasture defoliators 
(White 1964) 

v.g.; larva on plant debris (White 1964) 

v.g.; larva on fur, wool on carcasses (White 1964) 

v.g., on Discaria (White 1964) 

v.g.; larva on litter in grassland swards 
(White 1964) 

v.g.-alpine, larva on PhylZocladus (JSD) 

v.g.-subalpine; larva in sward litter (White 1964) 

v.g. and forest; larva in litter (White 1964) 

forest, larva on Nothofagus spp. (JSD) 

v.g.; larva in swards; adult winter emerging 
(White 1964) 

alpine; larva in Celmisia spectabilis, C. ZyaZZi, 
C. viscosa, adult diurnal, sexually dimorphic 
colour pattern (White 1964) 

v: g. ; larva in swards (White 1964) 

v.g.; larva oligophagous, usually on 
Muehlenbeckia (White 1964) 

v.g.-subalpine; larva on Cassinia (White 1964) 

v.g.-subalpine; larva polyphagous on sward 
docotyledons, esp. Pimelea, clovers (White 1964) 

forest; larva oligophagous 

v.g.-subalpine; larva on Leptospermum (JSD) 

forest; larva monophagous on Nothofagus 
(White 1964) 

v.g.-alpine, on crucifers, endemic 
(cf. xyZosteZZa, q.v.) (JSD) 

valley; possibly vagrant, on watercress 
(White 1964) 

v.g. (adults vagrant in alpine); on crucifers, 
cosmopolitan (cf. antiphona q.v.) 

valley-subalpine; larva boring on tillers, 
Carex spp.; also in Australia 

v.g.-alpine; larva boring and killing tillers, 
Chionochloa spp. 

v.g.-subalpine; larva on seedheads, grasses 

valley-subalpine; larva on seedheads 

widespread, open streams 

margins of forest streams 

? 

? 

stony streams 

slower parts of forest and open streams 

? 

small, stony forest and open streams 

open rivers 

open, unstable streams 

mediwn-small, open rivers 

open rivers and streams 



T 

Edpercivalia fusca (McFarlane) 

E. maxima (McFarlane) 

Hydrobiosis charadraea McFarlane 

H. clavigera McFarlane 

H. copis McFarlane 

H. frater McLachlan 

H. harpidiosa McFarlane 

H. J<iddi McFarlane 

H. parumbripennis McFarlane 

H. spatulata McFarlane 

H. umbripennis McLachlan 

Hydrochorema crassicaudatum Tillyard 

H. tenuicaudatum Tillyard 

Neurochorema confusum (McLachlan) 

Psilochorema bidens McFarlane 

Ps. folioharpax McFarlane 

Ps. leptoharpax McFarlane 

Ps. macroharpax McFarlane 

Ps. minicum McLachlan 

Ps. nemorale McFarlane 

T Ps. tautoru McFarlane 

Synchorema tillyardi McFarlane 

S. zygoneura Tillyard 

Hydroptilidae 

Oxyethira albiceps (McLachlan) 

Paroxyethira hendersoni 

Paraxyethira sp. 

Sericostomatidae 

Bez,aeoptera roria Mosely 

Conuxia gunni (McFarlane) 

Olinga feredayi (McLachlan) 

T 0. jeanae McFarlane 

pycnocentria evecta McLachlan 

T P. hawdonia McFarlane 

P. sylvestris McFarlane 

pycnocentrodes aeris Wise 

P. aureola (McLachlan) 

T P. chiUoni Tillyard 

Oeconesidae 

Oeconesus maori McLachlan 

O. similis Mosely 

Pseudoeconesus mimus McLachlan 

Zealandopsyche ingens Tillyard 

Helicophidae 

Ze lo le ssica cheira McFar lane 

Zelolessica sp. 

Philorheithridae 

Philorheithrus agilis (Hudson) 

Helicopsychidae 

Helicopsyche albescens Tillyard 

Leptoceridae 

Hudsonema aliena (McLachlan) 

H. amabi lis (McLachlan) 

Oecetis iti McFarlane 

Oecetis sp. 
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small forest streams 

small forest streams 

large-medium open rivers 

gravelly streams 

? 

? 

gravelly streams and rivers 

? 

widespread, open rivers and streams 

fast, forest streams 

large-medium, open rivers 

small forest streams 

small forest streams 

stable or gentle, open streams 

small-medium, stable streams 

? 

fast, open rivers and large streams 

steep, hillside streams 

? 

gentle, forest streams, stones on wind-exposed 
lake shores 

swamp outflow and seepage streams 

? 

? 

on vegetation and stones; stable streams, lakes 

slow-flowing streams, vegetation, stones in lakes 

vegetation and stones in lakes 

open, stony streams 

moss near stream sources 

widespread; open streams 

small forest streams 

stable streams 

? 

on decaying logs; forest streams 

stony streams 

widespread; stony streams, stones and vegetation 
in lakes, permanent tarns 

among litter; forest streamss 

among litter; forest streams 

? 

among litter, small forest streams 

aquatic moss in forest streams 

moss near stream sources 

small, stony forest streams 

gentle forest streams 

stable, slower streams 

widespread; stable streams, vegetation in lakes 

? 

vegetation in lakes 



Triplectidea cephalotes (Walker) 

T. obaoleta (McLachlan) 

DIPTERA: NEMATOCERA 

Tipulidae (Crane Flies) 

Dolichopena pal'Vicauda Edwards, 1923 

ZeZandotipula fulva (Hutton, 1900) 

Z. novame (Schiner, 1868) 

Leptotaz.sus' (fdac!'omastix) sp. nr montana (Hutton, 1901) 

L. (M.) g1'eyana (Alexander, 1922) 

L. (M.) minutissima (Alexander, 1923) 

L. (M.) rufiventris (Edwards, 1923) 

L. (M.) vulpina (Hutton, 1881) 

L. (M.) sp. nr alexanderi (Edwards, 1923) 
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pools and lakes, vegetation in lakes and tarns 

on logs and branches; forest streams 

forest, mainly ferns 

forest, seepages 

scrubland, seepages, swamps 

grassland 

grassland 

grassland 

scrubland-forest edge 

grassland 

Larvae of some species occur in stony streams and shallow tarns, lakes 

L. (Chlo1'otipuZa) albistigmus (Edwards, 1923) 

Limonia (Dic1'anomyia) repanda (Edwards, 1923) 

L. (D.) hudsoni (Edwards, 1923) 

L. (D.) luteipes (Alexander, 1923) 

L. (D.) pendulifera (Alexander, 1923) 

L. (D.) teneb1'osa (Edwards, 1923) 

L. (D.) vicarians (Schiner, 1868) 

L. (Discobola) venustula Alexander, 1939 

L. (Zelandoglochina) flavidipennis (Edwards, 1923) 

L. (Z.) subZacteata (Edwards, 1923) 

L. (Z.) cubitalis (Edwards, 1923) 

AustrolimnophiZa hudsoni (Edwards, 1923) 

A. nig1'ocincta (Edwards, 1923) 

A. m•gus (Hutton, 1900) 

Notholimnophila exclusa (Alexander, 1922) 

T Metalimnophila palmata Alexander, 1932 

M. unipunata (Alexander, 1922) 

Zelandomyia pygmaea Alexander, 1923 

Paralimnophila skusei (Hutton, 1902) 

Gynoplistia magnifiaa Edwards, 1923 

G. nebulosa Edwards, 1923 

Gonomyia oliveri Alexander, 1924 

Aphrophila neoselandica (Edwards, 1923) 

Rhabdomastix (Saaandaga) aallosa Alexander, 1923 

R. {S,) otagana Alexander, 1922 

Erioptera (Trimic1'a) confluens (Alexander, 1922) 

E. (T.) pilipes inconstans (Alexander, 1922) 

Amphineurus senex Alexander, 1922 

Molophilus basispina Alexander, 1923 

M. flagellife1' Alexander, 1922 

M. luteipygus Alexander, 1922 

M. morusus Alexander, 1923 

M. multicinctus Edwards, ·1923 

M. pictU1'atus Edwards, 1923 

M. pulcherrimus Alexander, 1923 

M. stewartensis Alexander, 1924 

M. sublate1'alis Alexander, 1922 

M. submo1'0BUB Alexander, 1924 

TM. gladiato1' Alexander, 1939 

T Tasiocem.divaricata Alexander, 1932 

Trichoceridae (Winter Gnats) 

Paracladum spp. 

forest, logs 

streams 

streams 

seepages 

forest 

forest, 

forest, 

forest, 

forest 

forest 

larvae 

larvae 

larvae 

in logs 

in logs 

in logs 

slow streams and swamp 

seepages 

fast streams 

swamp 

swamp 



Tanyde1:iclao 

Mischodenw sp. 

Psychodidae 

Several species 

Anisopodidae 

Anis opus neoze Zandious (Schiner, 186 3) 

Corynoscelidae 

Canthyloscelis antennata Edwards, 1922 

Bibionidc>.e 

Phil-ia nigPosti.gma (Walker, 1848) 

P. insolita (Hutton, 1901) 

J\'iycelophi.lidae (Fungus l"lies) 

Australos_ymnerus fwnipennis (Tonnoir, 1927) 

A. t?:Zlyru•di (Tonnoir, 1927) 

11. nitidus (Tonno.i.r, 1927) 

A. tl•ivittata (Edwaxds, .1927) 

Ner1Jijuncta wal<efieldi Edwards, 1921 

IV. ostensaekeni Tonnoir, 1927 

AI'achnocampa luminosa (Skuse, J.891) 

Macrocera scoparia Marshall, 1896 

M. antennalis Marshall, 1894 

•r Ce rote Zion 1Ji tripennis To1moir, 192 7 

T Platyura chiltoni Tonnoir, 1927 

P. agricola Marshall, 1896 

Mycomy-ia .f'lov-i, Zater•ata 'l'onnoir, 192 7 

T AUocotocer>a crassipalp-i,s Tonno.i.r, 1927 

Aneura fagi l'larshaJ.l, 1896 

furviceZ lulc, r1rci:c-{, Us Tonnoir, 1927 

P. ·tl'iangula 11a.rshall, 1(195 

T Neotl'izygia obsc:Ul'O. 'I'onnoir, 1927 

Synapha eulclwUa 'l'onnoir, 192·; 

S. paPVa Edv,ards, 192 ·; 

Cycloneura. flctV~ ·.Marshall, 1896 

C'. aber,•ans 'I'onnoir, 19 2 7 

Paraoya foneura apicalis Tonnoi,c, 192 7 

Te tragcmeu:ra ru,fipe s Tonnoir, 19 2 7 

Mycetophila eloiigata. Tonnoir, l927 

M. pBeuclomarshalU 'Porn1oir, 1927 

M. mal'ginepunatata Tonnoii:-, 1927 

M. nitens Tonnoir, 1927 

M. d,[,;ffuso 'l'onnoir, 1927 

M. aolorata Tonnoir, 1927 

M. fagi Marshall, 1896 

M. fiZiao1,n-1;s Tonnoir, 1927 

M. integ1•a Tonnoir, 1927 

Sciaridae 

Scda.1:'a zealandiaa Edwards, 1927 

others are present. 

Blepha.roceridae 

/Veoeu.1°uph0a eatrq.,bell·i Dwnbleton 

IV. hudson-i Lamb 

Ceratopogonidae 

Several species 

Chironomidc1.e 

Chil•onomus zealandicus Hudson 

Harrisius pallidus Freeman 

· 'I' 'l'anyt,arsus vespert·inus Hutton 
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uncommon, stream edges in forest 

common, forest and grassland 

abundant, forest 

rare, forest 

uncommon, forest edge 

abundant, grassland in summer 

uncommon, wet forest 

abundant, forest 

abundant, forest 

fast, stable, open streams 

fast, stable, open streams 

mud on bottom of lakes and tams 

? 

? 



Lobodiamesa cwrrpbe lli Pa gas t 

Maor-idiamesa har-r-isi Pagast 

M. stouti Brundin 

OY'icotopus zealandicus Freeman 

Dactylocladius commensalis Tonnoir 

T Diplocladius lacunifer-us Freeman 

Syncr-icotopus plur-iserialis (Freeman) 

Par-ochlus maorii Brundin 

T P. novaezelandiae Brundin 

P. ohakunensis (Freeman) 

PodochZus stouti Brundin 

Psectrotanypus antar-cticus (Hudson) 

Ps. apicinctus (Freeman) 

Ps. apicinellus (Freeman) 

Ps. debilis (Hutton) 

Ps. Zanguidis (Hutton) 

T Ps. quinquepunctatus (Freeman) 

Psectr-otanypus spp. 

Dixidae 

Par-adixa sp. 

Simuliidae (Black flies) 

Austr-osimuZium austr-aZense (Schiner) 

A. unguZatum Tonnoir 

Culicidae (Mosquitos) 

CuZex pervigilans Bergroth 

Cera topogonidae 

Several species 

Cecidomyidae 

Stephodip Zosis nothofagi 

Kiefferia coprosmae 

sandfly 

sandfly 

mosquito 
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small, slow streams 

widespread, streams and rivers 

stony streams 

? 

commensal with Neocurupira hudsoni 

? 

widespread; open streams and rivers 

stony streams 

stony streams 

stony streams 

small, stony streams 

widespread; open and forest streams 

? 

? 

pools in gentle forest streams 

? 

? 

among vegetation in lakes 

slow streams 

on vegetation; slower, open streams 

on stones; forest and open streams 

tarns and lake edges 

among vegetation in tarns 

Nothofagus soZandri galls 

Coprosma spp. galls 

Oligotrophus coprosmae C. cheesemanii, C. microcarpa galls 

Unidentified species from galls on Rubus cissoides, Carmichaelia spp., Cassinia fulvida, HeZichrysum 
beZZidioides, OZearia avicenniaefoZia, RaouZia hookeri, Hebe spp., Par-ahebe decora. One or more unidentified 
species affect ChionochZoa seed. 

DIPTERA: BRACHYCERA 

Tabanidae (Horse Flies) 

Scaptia adrel (Walker, 1850) bush fly 

Unidentified species in bottom mud, slow streams. 

Stratiomyidae (Soldier Plies) 

Eulalia atr-ovitens (Bigot, 1879) 

Eulalia sp. 

E. chZor-is (Walker 1854) 

Beris vioZacea (Hutton, 1901) 

Benhamyia sp. 

Unidentified larvae in tarns, lakes, slower streams. 

Acroceridae 

Helle rufescens Brunetti, 1926 

Oncodes br-unneus (Hutton, 1881) 

0, consimiZis (Brunetti, 1926) 

Apsona musaar-ia Westwood, 1876 

Therevidae (Stilleto Flies) 

Anabaxwnahus sp. 

Anabar-ynahus sp. 

Asilidae (Robber Flies) 

NeoUamus (?) var-ius (Walk.) 

Neo1:tamus sp. 

forest 

subalpine grassland 

lowland scrubland 

widespread 

riverbed sands and stones 

forest 

preying on OY'oarambus sp., Argyrophenga 

riverbed rocks and scrubland 



Empididae 

Hilarempia sp. 

Others are common, some widespread in streams. 

Ephydridae 

Ephyd.J>ella novaezealandiae (Tonnoir & Malloch) 

E. aquaria (Hutton, 1901) 

Hyadina irrorata Tonnoir & Malloch, 1926 

Scatella nebeculosa Tonnoir & Malloch, 1926 

Neoscatella vittithorax (Malloch, 1925) 

Dolichopodidae 

Several species are present. 

DIPTERA, CYCLORRHAPHA 

Phoridae 

Several species are present 

Pipunculidae 

T Pipunculua novaezel.andiae Tonnoir, 19·24 

'I' P. arthurianus Tonnoir, 1924 

Syrphidae (Hover flies) 

* Eristalia tenax (Linneus, 1758) 

Helophilua antipodua Schiner, 1868 

Melangyna (Syrphus) novaezealandiae (Macquart, 1885) 

Melangyna (S.) sp. 

Zelima montana (Miller, 1921) 

Melanostoma fasciatum (Macquart) 

0ttidae 

Zelandortalis interrupta Malloch, 1930 

Tephritidae 

T Tephr•itis plebeia Malloch, 1931 

TT. marginata Malloch, 1931 

T Trypanea l.ongipennia Malloch, 1931 

T T. completa Malloch, 1931 

T T. centralis Malloch, 1931 

TT. alboapicata Malloch, 1931 

Sciomyzidae 

Several species present 

Lawcaniidae 

T 'l'rypaneoides guttata Tonnoir & Malloch, 1926 

Sapromyza simillima Tonnoir & Malloch, 1926 

Poeailohetaerelia sp. 

Heleomyzidae 

T Allophylopsis distincta Tonnoir & Malloch, 1927 

Aneuria unitatrix Malloch, 1930 

Sphaeroceridae 

Leptocex-a sp. 

Agromyzidae 

Ce.rodontha auatr>alis Malloch, 1925 

C. angustipennis Harrison, 1959 

Drosophilidae (Fruit flies) 

Drosophila sp. 

Muscidae (Houseflies) 
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* Musca domestica house fly 

* Oestrus ov·ia 

Urmiophora sp. 

Calliphoridae (Blowflies) 

* Calliphora vicina (Robineau Desvoidy) 

* C. stygfo (F) 

pools at river margins 

near settlement 

uncommon, open grassland 

abundant, grass and scrubland 

subalpine grassland 

common, subalpine herbfield 

abundant, grassland and scrubland 

settlement 

parasite in noses of sheep (Hilgendorf 1918) 

slow streams and moss 

near settlement 

near settlement 



C. ?icela 

C. quadrimaculata (Svederus) 

* iucilia sericata 

Sarcophagidae (Flesh Flies) 

Parasarcophaga rrrilleri 

Anthomyidae 

bluebottle 

flesh fly 

Numbers of unidentified species are present. 

Hippoboscidae 

* Melophagus ovinus 

Tachinidae (Bristle Flies) 

Pales nyatemeriana (Hudson) 

P. usitata (Hutton) 

P. efferata (Hutton) 

P. aasta (Hutton) 

P. funesta (Hutton) 

Campbellia sp. 

"Evibr·issa" huttonii Malloch 

Huttonobessaria vereaunda (Hutton) 

Truphia spp. 

Calcager apertum Hutton 

C. varians Hutton 

Plagiomyia spp, (at least 3) 

Trypherina grisea Malloch 

Wattia petiolata Malloch 

Calotaahina biaolor Malloch 

Miarohystrioia gourlayi Malloch 

Protohystrioia orientalis (Schiner) 

P. alcis (Walker) 

P. huttoni Malloch 

Austromaaquartia alaripennis Malloch 

Avibrissia longirostris Malloch 

Avibrissina brevipaepis Malloch 

sheep Jced 

Bothrophora lupina (Svederus) (= Hystriaina lupina) 

Campylia temeraria Hutton 

C. nuda Malloch 

"Proaissio II modiaa Hutton 

Erythronyahia australiensis Schiner 

E. velutina 

Graciliaera montiaola Malloch 

G. politiventris Malloch 

G. setosa Malloch 

Graphotaahina simata Malloch 

Heteria appendiculata Malloch 

H. atripes Malloch 

H. flavibasis Malloch 

H. punotigera Malloch 

Mallaohomaoquartia setiventris (Malloch) 

M. vexata (Hutton) 

Medinella flavofemorata Malloch 

Oooisor insoitus Hutton 

11Prosoisaio 11 milleri Malloch 

Phaoniella bifida Malloch 

Platytaohina anguatifrona Malloch 

110ooiaor 11 verautua Hutton 

Pygooaloager hirtioeps Malloch 

P. humeratum Hutton 

P. velutina Malloch 
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widespread, valley to alpine 

near settlement 

grassland 

ectoparasite on sheep 

host Noctuidae 

host Wiseana (Hepialidae) 

host Noctuidae, especially subalpine species 

host Tortricidae 

host Tortricidae 

host probably Heteroptera 

host probably Heteroptera in shrubs 

host probably Rhopalomo1,pha spp. (Pentatomidae) 

microscopic, hosts Lygaeidae in v.g. 

host Lepidoptera larvae 

host Lepidoptera larvae 

v.g. and subalpine scrub 

alpine grassland 

alpine grassland 

host Hepialidae, v.g. 

host Hepialidae v.g. 

alpine grassland 

v.g. 

v.g. 

v.g. 

scrub, forest 

host Crambinae, Scopariinae larvae 

v.g. 

v.g. 

host Noctuidae, v.g. 

host Crambinae, v.g. 

v.g. 

alpine, near Astelia 

grassland 

grassland 

grassland 

grassland 

alpine grassland 

grassland, forest 

grassland, forest 

grassland 

v. g. , bare ground 

alpine grassland 

scrub 

grassland 

grassland 

grassland 

grassland 



Veluta albic-incta Malloch 

Xenorhynchia pee U Malloch 

Zealandotachina subtilis Hutton 

Z. varipes Malloch 

Proscissio cana Hutton 

P. kumaraensis Miller 

P. valida Hutton 

P. albiceps Malloch 

Peremptor sp. 

HYMENOPTERA: ICHNEUMONOIDEA 

Ichneumonidae 

?Degithina sp. 

Ichneumon promissorius Erichs. 

I. ?sollicitorius (Fab.} 
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alpine grassland 

alpine rock ridge 

scrub, grassland 

scrub, grassland 

all parasitize scarabeid larvae 

v.g., on slopes (White 1964) 

v.g. (White 1964), probably parasite 
moth larvae 

v.g. (White 1964), probably parasite 
moth larvae 

on noctuid 

on noctuid 

I. ?machimia Cam. moderately abundant, v.g. (White 1964), probably 
parasite on moth larvae 

I. ?utetes Cam. v.g. (White 1964) 

17 unidentified Ichneumonine species were recorded by White (1964) 

6 unidentified Cryptine species were recorded by White (1964). Some were abundant. 

Netelia sp. v.g. (White 1964), probably parasite on moth larvae 

Homotropus sp. v.g. (White 1964) 

9 unidentified Tryphonine and 3 Pimpline species were recorded by White (1964) 

Australophion peregr·inus (Smith} v. g. (White 1964) 

Ophion ocu latus Parr. 

O. inutilis Smith 

v.g. (White 1964) 

v.g. (White 1964) 

At lea.st 25 unidentified Ophionine species were recorded by White (1964). Some were very abundant. 
from moth larvae. However, this is likely to be a considerable overestimate of the number present. 
are very variable (P.M.J.} 

Braconidae 

Some were reared 
The species 

Fhogra rubl•omaculata very abundant v.g. (White 1964); parasite on 
noctuid moth larvae 

2 unidentified Macrocentrine and one Euphorine species were recorded by White (1964) 

Ichneutine sp. 

5 unidentified species of Meteorus were recorded by White ( J.964) . 

Blacine sp. 

Apanteles demeter Wilk 

v.g. (White 1964) 

v.g. (White 1964) 

moderately abundant v.g. (White 1964); probably 
parasite on tortricid moth larvae 

13 unidentified species of Apanteles were recorded ny White (1964), some moderately abundant. 

Ascogaster sp. 

1 unidentified Chelonine, 1 Aphidiine, 4 Opiine and 2 Spathiine species were recorded by White (1964). 

Rhogas sp. 

Alysiidae 

Dacnusa areolaris Nees 

Aspilota sp. 

Evaniidae (Gasteruptiidae} 

Gasteruption crass·ipes (Smith} 

G. flavipes 

HYMENOPTERA: CYNIPOIDEA 

Cynipidae 

* Aula.x (Phanacis) hypochaeridis 

2 unidentified Cynipid species were recorded by White (1964). 

Figitidae 

1 unidentified Figitid species was recorded by White (1964). 

moderately abundant v.g. (White 1964) 

v.g. (White 1964) 

moderately abundant v.g. (White 1964) 

v.g. (White 1964) 

v. g. (Hilgendorf 1918) 

v.g. forming galls on Hypochaeris 



HYMENOPTERA: CHALCIDOIDEA 

Chalcidae 

Megastigmus acuZeatus Swed 

Pteromalidae 

PteromaZus puparum L. 

·i9 0 

larvae feed on Rosa rubiginosa 

v.g. (White 1964); parasite on Pieris rapae 

i2 unidentified Pteromalid species were recorded by White (1964), some abundantly. 

Callimomidae 

1 unidentified Callimomid species was recorded by White (1964). 

Eurytomidae 

5 unidentified Euyrytomid species were recorded by White (1964), one in a IJiscaria stem, one in a Cassina fuZvida gall. 

Perilampidae 

1 unidentified Perylampid species was recorded by White (1964). 

Eulophidae 

ApheZinus sp. 

Coccophagus sp. 

?Coccophagus sp. 

23 unidentified Eulophid species were recorded by White (1964). 

Encyrtidae 

Microterys fZavus How. 

Eusemion cornigerum (Walk.) 

HungarieZZa sp. 

?Paranusia sp. 

8 unidentified Encyrtid species were recorded by White (1964) 

Elasmidae 

EZasmus sp. 

EZasmus sp. 

Trichograrnmatidae 

v.g. (White 1964); aphid parasite 

v.g. (White 1964); parasite of scales and mealy bugs 

v .g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964); parasite on Microte1•ys 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

2 unidentified Trichograrnmatid species were recorded by White ( 1964), one in moderate numbers. 

Mymaridae 

11 unidentified Mymarid species were recorded by White (1964)_. Egg parasites of Lepidoptera, Hemiptera, Odonata. 

HYMENOPTERA: PROCTOTRUPOIDEA 

Proctotrupidae 

Proctotrupes intrudens Smith 

Proctotrupes sp. 

Platygasteridae 

v.g. (White 1964) 

v.g. (White 1964) 

15 unidentified Platygasterid species were recorded by White (1964). 

Ceraphronidae 

* Lygocerus ?niger How. moderate numbers v.g. (White 1964); probably 
parasite of aphid Brevicoryne brassicae 

3 unidentified Lygoaerus and 7 Ceraphronid species were recorded by White (1964) 

Scelionidae 

6 unidentified Scelionid species were recorded by White (1964). 

Diapridae 

10 unidentified Diaprid species were recorded by White (1967), one in large numbers. 

Belytidae 

3 unidentified Belytid species (and one possible Belytid) were recorded by White (1964). Subalpine. 

HYMENOPTERA: BETHYLOIDEA 

Bethylidae 

6 unidentified Bethylid species were recorded by White (1964). 

Dryinidae 

An unidentified Dryinid was recorded by White (1964). Parasite on a Jassid, DeZtocephaZus sp. and on i1 

Delphacid DeZphacodes meridionaZis. 

HYMENOPTERA: FORMICOIDEA (Ants) 

Formicidae 

AmbyZopone saundersi Forel. v.g. in soil (White 1964); abundant. 



Discothyrea antarctica Emery 

Huheria striata (Smith) 

Monomorium antarcticum (White) 

ProZasius adtJena (Smith) 

HYMENOPTERA: VESPOIDEA 

Psammocharidae (Spider Hunters) 

Salius wakefieZdi Kirby 

S. m:irginatus Smith 

S. di Zigens Smith 

S. ?carbonarius smith 

Vespidae (Social Wasps) 

Vespula germanica Fab. 
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v.g. (White 1964), errant from forest 

v.g. soil (White 1964); tends homopterans 

v.g.-subalpine (White 1964); very large numbers; 
flying and in soil 

v.g. (White 1964); large numbers, flying and in 
soil 

v.g. (White 1964) 

v.g. (White 1964) on Celmisia 

v.g. (White 1964) 

v.g. (White 1964); possibly more than on(a species 

forest, scrub 

An unideQtified Vespoid species of uncertain family position was recorded by White (1964). Valley to subalpine. 

HYMENOPTERA: SPHECOIDEA (Wasps) 

Trypoxylidae 

Pison spinolae Shuek 

Crabronidae 

Rhopalum ?carbonarum Smith 

R. ?cora Cam, 

Rhopalum sp. 

HYMENOPTERA: APOIDEA (Bees) 

Colletidae 

Paraco Zle te s fulvesaens 

P. hirtioeps (Smith) 

P, boltoni Ck 11 

P. rmorium Ck 11 

P. obscurus (Smith) 

P. vestitus (Smith) 

P. ?hudsoni Ck 11 

Hylaeidae 

Prosopsis sp. . . 

Prdaopsie sp / 

(Smith) 

mason bee 

Andrenidae (Halictidae) (Burrowing Bees) 

Halictus huttoni cam 

Halictus sp. 

Halictus sp. 

Apidae (Social Bees, Honey Bees) 

* Bombus terrestris L 

* B. ruderatus (Fab.) 

* Apis mellifera 

COLEOPTERA 

Cicindelidae (Tiger Beetles) 

Neocioindela austromontana (Bates, 1867) 

N. parryi (White, 1846) 

N. feredayi (Bates, 186 7) 

N. latecincta (White, 1846) 

Carabidae (Carnivorous Ground B,eetles) 

Armrotypus edhJardsi Bates, 1872 

Loxomerus capita Jennel, 1938 

T Mecoderm allani Fairburn, i945 

M, rugiceps Sharp, 1886 

in building (White 1964) 

subalpine (White 1964)1 probable parasite 
cockroaches 

subalpine (White 1964); probable parasite 
cockroaches 

subalpine (White 1964) 

v,g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964); on Hebe salicifolia 

v.g. (White 1964) 

v.g. (White 1964) 

v.g.-subalpine grassland (White 1964) 

v.g. (White 1964) 

v.g. (White 1964), abundant 

v.g.-subalpine (White 1964) 

v.g.-subalpine (White 1964); on Hebe 

v,g. (White 1964) 

v.g. (White 1964); unconunon 

v.g. 

on 

on 

all occur in v.g. or riverbed; larvae usually 
in clay banks 

uncommon, mosses on Nothofagus trunks 

rare, western alpine debris 

uncommon 

western forest, logs 



M. costellum lewisi Broun, 1908 

M. fulgidum Broun, 1B81 

Mecodema sp. 

DiglylTl7la clivinoides Castelnau, 1867 

Metaglymma mom'.lifer Bates, 1867 

Zolus helmsi Sharp, 1886 

Oopterus sp. 

· Molopsida debi Us Sharp, 1886 

Solenochilus piceus (Blanchard, 1853) 

Mecyclothorax rotundicollis White, 1846 

Megadromus antarcticus (Chaudoir, 1865) 

M. enysi (Broun, 1882) 

M. lobipes (Bates, 1878) 

Megadromus sp. 

Holcaspis hudsoni Britton, 1940 

Agonum helmsi Sharp, 1886 

Agonwn sp. 

Notogonum feredayi (Bates, 1874) 

Bembidion maorinum Bates, 1867 

B. dehiscens Broun, 1893 

B. charile Bates, 1867 

B. tairuense Bates, 1878 

B. achonoderum Bates, 1878 

B. hokitikense Bates, 1878 

B. parviceps Bates, 1878 

Actenonyx bembidioides White, 1846 

Demetrida nasuta White, 1846 

D. dieffenbachi White, 1843 

Scopodes prasinus Bates, 1878 

S. edJJJardsi Bates, 1878 

S. versicolor Bates, 1878 

Agonochila binotata (White, 1846) 

Dichrochile sp. 

Staphylinidae (Rove Beetles) 

Aleochara subaenea Faur 
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rare 

common, dry forest and scrubland 

rare 

uncommon, western forest 

uncommon, dry eastern forest 

common, western forest 

abundant, riverbed 

abundant, riverbed 

v.g. (White 1964) 

19 species of unidentified Aleocharine beetles were recorded by White (1964), some in moderate to high numbers. 

6 unidentified Staphylinine beetles were recorded by White (1964). 

Conosomus sp. 

Conosomus sp. 

Oxyteline sp. 

Pselaphidae 

v. g. (White 1964) 

v.g. (White 1964) 

subalpine grassland; abundant (White 1964) 

4 species of unidentified Pselaphid beetles were recorded by White (1964). 

Silphidae 

Choleva sp. 

Choleva sp. 

2 unidentified Silphid beetles were recorded by White (1964). 

Histeridae 

Saprinus pseudocyaneus White 

Trogositldae 

Leperina (?) nigrosparsa White 

Nitidulidae 

Epuraea antarctica White 

Omosita colon (L.) 

Cucujidae 

One possible Cucujid beetle was recorded by White (1964). 

Lathridiidae 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. carrion-feeder (White 1964) 

bark of Discaria (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

5 unidentified species of Melanopthalma were recorded by White (1964) and 1 species of either Lathridius or Coninomus. 
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Mycetophagidae 

3 unidentified Mycetophagid species were recorded by White (1964), 

Colydiidae 

Bitoma sp. v.g. (dispersed from forest) (White 1964) 

Pyenomerus sp. 

Coccinellidae (Ladybird Beetles) 

* CocaineZla sp. subalpine grassland (White 1964) 

C. taamanii White v.g. moderate nwnbers 

* VedaZia aal'dinaZis v.g. (Hilgendorf) 

3 unidentified Scymnus spp. were recorded by White (1964). 

Dermestidae (Bacon Beetles) 

Trogoderma sp. v.g., moderate nwnbers (White 1964) 

Malacoderrnidae 

2 (possibly 3) unidentified species of AsiZia were recorded by White (1964). 

Melyridae 

Dasytea minuta Fab 

Cleridae 

Parmiua sp. 

Anobiidae 

Anobium punatatum 

Xenogonus granuZatus 

Xenog(!nua sp. 

Elateridae 

Corymbitea antipodus Cand. 

C. agl'iotoidea Sharp 

Elatiahrosis barbata (Cand.) 

wood borer 

valley-subalpine; in Aniaotome, AaiphyZZa, Hebe 
and CeZmisia, ChionochZoa flowers 

v.g. (White 1964) 

v.g. (errant from timber) (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. ( (White 1964) 

v.g. (White 1964) 

3 unidentified species of Corymbitea and a possible Elatichroaia sp. were recorded by White (1964) 

* Metabla:r: acutipennis (White 1846) 

Tenebrionidae 

Artyatona prob. rugiceps (recorded as A. erichsoni 
by White 1964) 

PheZoneia (?)sericatum (Sharp) 

P. (?)2eZandicum (Bates) 

2 unidentified Pheloneis species were recorded by White (1964). 

Oedomeridae 

SeZenopaZpus reatipes Broun 

S. aciphylZae Broun 

Melandryidae 

3 unidentified HyZobia species were recorded by White (1964). 

Chrysomelidae (Leaf Beetles) 

Eucoiaspis scuZptua (Broun) 

AZloahal'ia marginata Sharp 

Luperua aeneus Broun 

L. (?)aautellal'is Broun 

Luperus sp. 

9 unidentified species of Luperus were recorded by White (1964). 

Galerucine sp. 

Phyllotreta (?)nitida Broun 

Cerarnbycidae (Longhorn Beetles) 

Zorion castum Broun 

z. cf guttigerum 

GastPosarus nigriaolZia Bates 

Curculionidae (Weevils) 

)::,ark of Discaria 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. AaiphyZla flowers (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

alpine grassland. 

v.g. (White 1964) 

valley-subalpine grassland (White 1964) 

Discal'ia stem (White 1964) 

on Pimelea flowers (Burrows 1961) 

Discal'ia stem (White 1964) 

3 unidentified species of Niaaeana and 3 of Catoptes were recorded by White (1964). 

Tigones hwneralis Broun v.g. (White 1964) 

InophZoeus rhesus Pase. v.g. (White 1964) 



Dryopais variabilis Broun 

* Hyperodes bonariensis Kusch 

Peristoreus veronicae Broun 

Euprocas scitulus Broun 

Alloprocas niger Broun 

Colabotelus sp. 

* Apion ulicis 

RhinoPrhynchus rufulus (Broun) 

Scarabaeidae (Scarab Beetles) 

Pyronota festiva (Fab.) 

P. elThJardsi Sharp 

P. laeta (Fab.) 

Costelytra zealandica (White) 

Odontria avrantia Given 

0. smithii Broun 

0. marmorata Broun 

0. occiputale Broun 

o. hall-ii 

Saprosites brouni (Sharp) 
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Argentine stem weevil 

gorse weevil 

manuka beetle 

grass grub 

Dytiscidae (Carnivorous Water Beetles) 

Antiporus strigosulus (Broun) 

Liodessus plicatus (Sharp) 

Rhantus pulverosus (Stephens) 

Hydrophilidae (Water Beetles) 

Berosus sp. 

Cercyon flavipes (Fab.) 

Anacaena sp. 

Paracymus sp. 

Ptilodactylidae 

Unidentified species 

Elmidae 

Unidentified species 

Helodidae 

Unidentified species 

v.g. (errant from marsh) (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (errant from forest) (White 1964) 

v.g. (pollen feeder) (White 1964) 

subalpine on Dracophyllum, Chionochloa (errant from 
gorse) (White 1964) 

v.g. (White 1964) 

moderate numbers v.g. (White 1964) 

moderate to high numbers v.g. 

moderate to high numbers (White 1964) 

abundant. v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

v.g. (White 1964) 

subalpine grassland (White 1964) 

beech forest 

soil in v.g., dung feeder (White 1964) 

in tarns and among vegetation of lakes 

in tarns and among vegetation in lakes 

in tarns and among vegetation in lakes 

among vegetation in lakes 

v.g. (dispersed from water (White 1964) 

small forest streams 

small forest streams 

pools in slow forest streams 

gravelly and stony streams and rivers 

steep forest streams, stones on wind-exposed 
lake shores 

11 unidentified species of Cyphon, some in moderate numbers, were recorded by White (1964). 

Hydraenidae 

Unidentified species 

Buprestidae 

Nascioides enysii 

Scolytidae 

Platypus sp. 

flat-headed borer 

Lucanidae (Stag Beetles) 

Lissotes reUculatus 

Several others occur. 

PSEUD0SC0RPI0NIDEA (Pseudoscorpions) 

Chthoniidae 

pinhole borer 

Sathrochthonella zealandica Beier, 1967 

Tyrannochthonella zealandica beier, 1966 

Neobisiidae 

Idiobisium peregrinum Chamberlin, 1930 

Garypidae 

Synsphyronus melanochelatus (Chamberlin, 1930) 

ARACHNIDA 

small forest streams 

larvae feed on Nothofagus cambium 

larvae feed in Nothofagus trees 



Chernetidae 

ThaZaaaochernes taierensis {With, 1907) 

Reischekia coracoides Beier, 1948 

OPILIONES (Harvestmen) 

PALPATORES 

PantopsaZis sp. 

Megalopsalis sp. 

LANIATORES 

Trienonychidae 

Sorensenelia bicornis Forster, 1954 

Nuncia (Corinuncia) coriacea (Hogg, 1920) 

N. (C.) stewartia Forster, 1954 

N. constantia Forster, 1954 

Hendea myersi Forster, 1954 

Prasma tuberculata (Hogg, 1920) 

Algidia cuspidata Hogg, 1920 

T Priatobunus acuminatus Forster, 1954 

ARANEIDA (Spiders) 

Dipluridae 

Hexathele otira Forster, 1968 

Por>rhothe le antipodiana Walckaener, 1837 

Desidae 

* Ixueticus martius (Simon, 1899) 

Nicodamidae 

Megadictyna thilenuisi Dahl, 1906 

Agelenidae 

T Orepukia dugdalei Forster & Wilt<m, 1973 

T 0. aZta Forster & Wilton, 1973 

Mahura turris Forster & Wilton, 1973 

M. sauta Forster & Wilton, 1973 

Tuapoka ovaZis Forster & Wilton, 1973 

Ahua dentata Forster & Wilton, 1973 

Tararua ratuma Forster & Wilton, 1973 

Neoramia janus (Bryant, 1935) 

Stiphidiidae 

Cambridgea antipodeana (White, 1849)' 

C. faaaiata L. Koch, 1872 

C. arboricola (Urquhart, 1891) 

Amphinectidae 

T Amphineata mara Forster & Wilton, 1973 

Maniho cantuariua Forster & Wilton, 1973 

Oparara Valla (Marples, 1959) 

T Makara miniaa Forster & Wilton, 1973 

Marplesia dugdalei Forster & Wilton, 1973 

Ctenidae 

Nemoctenua aurens (Hogg, 1911) 

Conopidae 

Ascuta alpina Forster, 1956 

A. extensa Forster, 1956 

Du:ripeZta auatraZis Forster, 1956 

Symphytognathidae 

T TextriceZZa propinqua Forster, 1959 

T. scuta Forster, 1959 

Chasmocephalon armatum Forster, 1951 
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common in alpine zone, western and eastern forests 
and grasslands 

eastern forest 

eastern forest logs 

dry forest 

western forest 

eastern forest 

eastern forest 

eastern forest 

western forest 

widespread 

near settlement 

forest litter 

subalpine scree 



Archeidae 

Zearchaea clypeata Wilton, 1946 

Z. fio1•densis Forster, 1955 

Pisauridae 

Dolomedes spp. 

ACARINA (Mites) 

Anisi tsiellidae 

Platymersopsis sp. 

Hydryphan tidae 

Notopanisus sp. 

Hydrachnidae 

Hydrachna maramauensis stout 

Eylaidae 

Eylais waikca,Jae stout 

Pionidae 

Fiona uncata exigua Viets 

ORBATEI 

Unidentified species 

Eriophyidae (Gall Mites) 

Aceria cottieri 

A. carmichaeliae 

Aceria sp. 

Aceria sp. 

Eriophyes dracophylli 

Eriophyes sp. 

Eriophyes sp. 

Tegonotus haloragi 

Vasetes gaultheriae 

Phyllocoptes coprosmae 

GASTROPODA 

Hydrobiidae 

Potamopyrgus antipodarum (Gray) 

Lymnaeidae 

Lymnaea tomentosa Pfeiffer 

Planorbidae 

Gyraulus corinna (Gray) 

Physastra variabilis (Gray) 

Athoracorphoridae 

Reflectopallium pseudophyllum Burton, 1963 

Punctidae 

Charopa (Charopa) montivaga Suter, 1894 

c. (C.) b1:anca (Hutton, 1883) 

c. (C.) coma (Gray, 1843) 

C. (Ftychodon) microundulata (Suter, 1890) 

C. (P.) wairarapa (Suter, 1890) 

C. (P.) hectori (Suter, 1890) 

C. (P.) mutabilis (Suter, 1891) 

c. (P.) bucinella (Reeve, 1852) 

c. (P.) colensoi (Suter, 1890) 

C. (Subfectola) caputspinulae (Reeve, 1852) 

C. (MoceUa) eta (Pfeiffer, 1853) 
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MOLLUSCA 

eastern forest· 

western forest 

river. and stream margins; under stones lake edges 

moss in forest streams 

moss in forest streams 

in more permanent tarns, and at edges of lakes 

in more permanent tarns, and at edges of lakes 

among vegetation, in plankton and on mud of lakes, 
and in tarns 

on vegetation in lakes and tarns 

Coprosma sp. aff. parviflo.l"a 

Carmichaelia rivulata 

Pimelea spp. 

Nothofagus solandri 

Dracophyllum uniflorum 

Muehlenbeckia axillaris 

Cassinia fulm:da 

Gonocarpus aggregatus 

Gaultheria crassa 

Coprosma pseudocuneata, C. microcal"pa 

stable open and forest streams, on vegetation, mud 
and stones in lakes, permanent tarns 

among vegetation at edge of L. Pearson 

abundant on vegetation, mud and stones in lakes, 
permanent tarns and stable streams (slow-medium flow) 

sparse among vegetation in lakes 

( 
( 
( 
( 
( 
( 
( 
( forest litter 
( 
( 
( 
( 
( 
( 
( 
( 
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C. (Geminoropa) rrricrorhina (Suter, 1909) 

Otoaonaha dimid1'.ata (Pfeiffer, 1853) 

Lirnacidae 

* AgrioZimax retiauiatua 

PELYCEPODA 

Sphaeriidae 

Pisidiwn sp. 

Sphaerium novaeaeZandiae Deshayes 

Hyriidae 

HyX'ideZZa menaieai (Gray) 

PISCES (Fish) 

Salmonidae 

Cristovomer namayauah (Walbaum) 

SaZmo t:rutta Linnaeus 

S. gairdne'l'ii Richardson 

Onaorhynahus tshcwytaaha 

Galaxiidae 

GaZaxias brevipinnia Gunther 

G. vuZgaris 

G. pauaispondyZus 

Anguillidae 

Anguilla australis schmidtii Phillips 

A. dieffenbaahii Gray 

El.~~tridae 

Gobiomo:rphus brevicepa (Stokell) 

REPTILIA 

Gekkonidae 

Hoplodaatylus paaificua 

Scincidae 

Leiolopisma sp. 

AVES (Birds) 

Apterygidae 

Apteryx haastU 

Podicipedidae 

Podiaeps australis 

Phalacrocoracidae 

+Phalaarocorax aarbo 

Ardeidae 

AX'dea nova~ho~landiae 

Botaurua stella'l'is 

Egretta alba 

Anatidae 

*+Branta canadensia 

*+xCygnua atratus 

+xTadonza variegata 

+xAnas superciliosa 

*A. platyrhynchos 

+Aythya novaeaeelandiae 

Hymenolaimua malaaorhynahos 

garden slug 

lake trout 

brown ·trout 

rainbow trout 

quinnat salmon 

gecko 

skink 

CHORDATA 

great spotted kiwi 

Southern crested grebe 

black shag 

white-faced heron 

Australasian bittern 

Canada goose 

black swan 

paradise shelduck 

grey duck 

mallard 

New Zealand scaup 

blue duck 

near settlement 

in mud, vegetation of lakes and tarns, streams 

in mud, including among vegetation, of lakes 
and tarns 

in mud, including among vegetation, of lakes, 
silted streams 

sparse .in L. Pearson 

in lakes and streams 

in lakes and streams 

Waimakariri R. and tributaries 

in lakes 

streams 

streams at higher levels 

in lakes 

in lakes 

common in lakes 

bouldery places 

grassland 

+ known to breed in the area 
o migratory (see notes in Section 21) 
x also recorded by Hilgendorf (1918) 

small population, Hawdon Forks 

uncommon, L. Sarah, Grasmere 

uncommon, L. Sarah, streams 

uncommon, pasture, streams 

L. Pearson, rare 

L. Grasmere, rare 

lakes, riverbed, common 

lakes, uncommon 

lakes, streams, riverbed, common 

lakes, ponds, streams, common 

lakes, ponds, common 

moderate numbers, lakes 

Upper Hawdon, rare 



Accipitridae 

+x Circus approximans 

Falconidae 

+ Falco novaeseelandiae 

Rallidae 

ox Porphyrio porphyrio 

Haema topodidae 

+o Haematopus ostralegus.finschi 

Charadriidae 

Lobibyx novaeholla:ndiae 

+ox Charadrius bicinctus 

Recurvirostridae 

o H1:mantopus himantopus 

Laridae 

x Larus dom·inicanus 

o L. bulleri 

Sternidae 

ox Chlidonias hybrida 

Columbidae 

Hemiphaga novaeseelandiae 

Nestoridae 

o Nestor merid~onalis 

tx N. notabilis 

Platycercidae 

o Cyanoramphus auriceps 

Cuculidae 

o Chalcites lucidus 

to Eudynamis taitensis 

Strigidae 

x Nlnox novaeseeland1'.ae 

* Athene noctua 

Alcedinidae 

Halcyon sancta 

Xenicidae 

+ Acanthisitta chloris 

Alaudidae 

+ Alauda arvensis 

Motacillidae 

+ Anthus novaeseelandiae 

Prunellidae 

*+ Prunella modularis 

Muscicapidae: Subfam. Malurinae 

Finschia novaeseelandiae 

o Mohoua ochrocephala 

+x Gur•ygone igata 
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Australasian harrier 

New Zealand falcon 

pukeko 

South Island pied 
oystercatcher 

spur-winged plover 

banded dotterel 

pied .stilt 

southern black-backed gull 

black-billed gull 

black-fronted tern 

New Zealand pigeon 

kaka 

kea 

yellow-crowned parakeet 

shining cuckoo 

long-tailed cuckoo 

morepork 

little owl 

New Zealand kingfisher 

rifleman 

skylark 

pipit 

dunnock 

brown creeper 

yellowhead 

grey warbler 

Subfam. Muscicapinae 

+ Rhipidura fuliginosa 

+ Petroica macrocephala 

o P. australis 

Subfam. Turdinae 

*tx Turdus philomelos 

*tx T. merula 

Zosteropidae 

+o Zosterops lateralis 

Meliphagidae 

+ Anthornis mela:nura 

fantail 

yellow-breasted tit 

South Island robin 

song thrush 

blackbird 

silvereye 

bellbird 

grassland, scrub, swamp, moderate numbers 

Upper Hawdon, Upper Cass R., rare 

Remus swamp, uncommon 

riverbeds, pasture, lake margins, common 

lake margins, pasture, moderate numbers 

riverbeds, common 

lake margins, moderate numbers 

pasture, riverbeds, common 

riverbeds, nnconunon 

riverbeds, moderate numbers 

Craigieburn Range, rare 

Woolshed Hill, uncommon 

mountains, moderate numbers 

Woolshed Hill, uncommon 

Cass valley, uncommon 

Upper Cass River, uncommon 

Woolshed Hill, uncommon 

Cass village, rare 

Grasmere Stm, rare 

in forest, moderate numbers 

grassland, common 

grassland, common 

forest margins, plantations, common 

forest, moderate numbers 

Woolshed Hill, uncommon 

forest, plantations, moderate numbers 

forest, moderate numbers 

forest, forest margins, common 

Woolshed Hill, rare 

forest, margins, plantations, common 

forest, scrub, common 

forest, scrub, common 

forest; common 



*+x 

*+ 

*+ 

*+x 

*+ 

*+x 

*+x 

*+ 

Emberizidae 

Emberiza citrinella 

Frin9:illidae 

Carduelis chloris 

c. carduelis 

Aaanthis flammea 

FringiZZa coelebs 

Ploceidae 

Passer domesticus 

Sturnidae 

sturnus vulgaris 

Cracticidae 

Gymnorhina hypoleuca 

MAMMALIA 

Phalangeridae 

Triahosurus vulpecula 

Erinaceidae 

Erinaceus europaeus 

Leporidae 

Oryctolagus cuniculus 

Lepus europaeus 

Muridae 

Mus musaulus 

Mustelidae 

Mustela erminea 

Felidae 

Felis catus 

~quidae 

Equus cabaUus 

Suidae 

Bus scrofa 

Cervidae 

Cervus e Zaphus 

Bovidae 

Bos taurus 

Ovi-s aries 

Rupiaapra rupicapra 

yellowhammer 

greenfinch 

goldfinch 

redpoll 

chaffinch 

house sparrow 

'starling 
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white-backed magpie 

brush-tailed possum 

hedgehog 

rabbit 

hare 

house mouse 

stoat 

feral cat 

domestic horse 

feral pig 

red deer 

domestic cattle 

domestic sheep 

chamois 

scrub, plantations, common 

forest margins, scrub, plantations, common 

scrub, forest margins, common 

scrub, forest, common 

forest, scrub, common 

buildings, plantations, common 

buildings, grassland, common 

plantations, grassland, moderate numbers 

All are introduced, originally wild, feral 
or domestic stock. 

forest and scrub, widespread, but only in 
moderate numbers 

grassland, moderately common 

grassland, scrub, occasional 

lowland, alpine, common 

forest, buildings, common, sometimes in 
plague numbers 

scrub, forest, but only in moderate numbers 

scrub, forest, occasional 

confined to farm activities 

scrub, forest, occasional 

forest, scrub, alpine, but only moderate numbers 

range widely, but confined to farm 

range widely, but confined to farm 

alpine, scrub, forest, only moderate numbers 
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Deinacrida sp. 
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Hymenanthera alpina. 

FISHER, F.J.F. 1948. The scree plants of Mount Bailey. Some observations 
made in the Craigieburn Range, North Canterbury. 

P WILTON, H.J. 1948. A critical study of comparative methods of botanical 
analysis of pastures with special reference to their mathematical 
reliability. Application of these methods to selected grassland 
associations in New Zealand. (Victoria University) 

P SEWELL, T.G. 1948. A study of mountain tussock grasslands with reference to 
growth, seeding and behaviour of principal tussock grasses. 
(Lincoln College, M.Agr.Sc.) 

P MOFFAT, R.W. 1957. Ecological studies of mountain tussock grassland. 
(Lincoln College, M.Agr.Sc.) 

CALDER, D.M. 1957. Some aspects of the biology of Poa lindsayi Hook. f. 

BURROWS, C.J. 1957. Variation in some New Zealand species of the genus 
Pimelea. 

P FINERAN, B. 1961. Studies on the ro.ot parasitism of Exocarpus biOJ;JiUii 
Hook. f. 
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LINTOTT, W.H. 1963. A peat profile from Kettlehole Bog, Cass. 

GILPIN, B.M. 1963. The vegetation of a Kettlehole at Cass, 
Waimakariri River Basin. 

p WARD, J.M. 1964. A study of the leaf indumentum and floret characters 
in the New Zealand Senecioneae. 

SHEPPARD, J.S. 1965. The role of Cassinia fulvida in the succession of 
scrub at Cass, Canterbury. 

NORDMEYER, A.H. 1966. A study of microorganisms in soils of the 
Craigieburn Range. (Lincoln College, M.Agr.Sc.) 

P SCOTT, G.B. 1968. The root nodule streptornyces of Coriaria arborea and 
Discaria toumatou. 

PRICE, V.T. 1968. Distinguishing properties of strains of Rhizobium trifoUi 
var. repens. (Lincoln College, M.Agr.Sc.) 

CONWAY, B. 1977. The effects of snow avalanches on beech forests. 

Botany Ph.D. 

P MOLLOY, B.P.J. 1966. The autecology of sweet brier, Rosa rubiginosa L. 
(Lincoln College) 

P LAMBRECHTSEN, N. 1968. Studies of some aspects of the biology of 
Anthoxanthum odoratum L. 

P BURROWS, C.J. 1968. The ecology of some alpine grasslands. 

P HARRIS, R. W. 1968. A study of the variation and ecology of 
Rumex acetosella L. 

RAMSAY, A.J. 1972. Studies on the microorganisms of a freshwater lake. 

P WEBB, C.J. 1975. Breeding systems in Gingidia Dawson and related genera 
of the Umbelliferae. 

P GARNOCK-JONES, P.J. 1975. A systematic study of Parahebe (Oliver) in 
New Zealand. 

Zoology M.Sc. 

HELSON, G.A.H. 1932. Bionomics, morphology and anatomy of Stenoperla prasina. 

THOMSON, M.S. 1933. An account of anatomy, systematics and bionomics of 
Austroperla cyrene Newm. 

GLASGOW, J.P. 1934. The bionomics and anatomy of Hydropsyche colonica McLach. 
(Trichoptera, Hydropsychidae) and descriptions of larvae of H. philpottii 
Tilly. and H. fimbriata McLach. 

MACFARLANE, w.v. 1936. Life cycles of four New Zealand Trematodes: bionomics 
of Opechona, Telogaster, Catocaecum and Fasciola. 
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McFARLANE, A.G. 1938. Life histories and biology of New Zealand 
Rhyacophilidae (order Trichoptera). 

PILGRIM, R.L.C. 1947. A study of the freshwater mussel of the genus 
Dipfodon Spix. 

WOLFE, L.S. 1949. A study on the genus Uropetala Selys. 
(Odonata, Petaluridae) from New Zealand. 

WISELEY, H.B. 1952. The life history, ecology, distribution and anatomy 
of a mayfly (Coloburiscus). 

P BENZIE, V.L. 1961. A comparison of the life history and variation in two 
species of Galaxius~ G. attenuatus and G. vulgaris. 

P ROWLEY-SMITH, D.M. 1962. Studies on the biology and functional morphology 
of Tl'iplectides cbsoleta. 

WHITE, E.G. 1964. A survey and investigation of the insect fauna associated 
with some tussock grasslands. (Lincoln College, M.Hort.Sc.) 

GOODWIN, S. 1970. A taxonomic revision of the New Zealand species of the 
genus PerseCtonia (Noctuidae: Hadeninae) (sensu Hudson, 1928). 
(Lincoln College, M.Agr.Sc.) 

WATSON, R.N. 1971. The feeding behaviour of alpine grass-hoppers (Acrididae: 
Orthoptera) in the Craigieburn Range, Canterbury, New Zealand. 
(Lincoln College, M.Agr.Sc.) 

GREIG, C.A. 1976. Ecology of Deleatidiwn sp. (Ephemeroptera) in Lake 
Grasmere, Canterbury, with particular reference to its trophic 
relationships. 

Zoology Ph.D. 

P CRAIG, D.A. 1966. The biology of some New Zealand Blepharoceridae 
(Diptera, Nematocera). 

P WOODS, c.s. 1967. A systematic study of Gobiomorphus (Pisces, Eleotridae) 
and supporting studies of Retropinna and Galaxius. 

P CLIMO, F.M. 1970. Classification of the New Zealand Arionaceae (Mollusca: 
Pulmonata) . A revision of some Endodontid genera (Endodontidae 
Pilsbry 1884) . 

P MASON, P.C. 1971. Alpine grasshoppers (Orthoptera: Acrididae) in the 
Southern Alps of Canterbury, New Zealand. 

P STAPLES, D.J. 1971. The production biology of the upland bully 
(Philypnodon breviceps Stokell) in a small Canterbury lake. 

P WOOD, F. 1972. Studies on the biology of nematodes of tussock grassland 
soils. 

P CROSBY, T.K. 1974. Studies on Simuliidae (Diptera), with particular 
reference to Austrosimu:iu,;; tiUyardia:num. 
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Soil Science Ph.D. 

MUHAMMAD IDRIS ALI, 1974. The growth of grasses and legumes on a sequence of 
acid soils as affected by liming and phosphate fertilizer. 
(Lincoln College) 

Geology M.Sc. 

CHINN, T. 1976. Late Quaternary snowlines in the Waimakariri Catchment 
and their associated cirque and upper valley deposits. 

Geography M.A. 

McARTHUR, J.L. 1964. A geomorphological study of the Cass drainage basin. 

BRUNDALL, J.A. 1966. Recent debris flows and related gullies in the Cass 
basin. 

OWENS, I. 1967. Mass movement in the Chilton Valley. 

MORAN, R.J. 1971. Soil heat flow investigations in the Chilton Valley, Cass. 

PRESTIDGE, G.J.D. 1972. Preliminary investigations into soil moisture during 
the late summer - early autumn in the Chilton Valley, Cass. 

Geography Ph.D. 

RAYNER, J.N. 1966. An approach to the dynamic climatology of New Zealand. 

GREENLAND, D.E. 1971. Heat balance studies in the Chilton Valley, Cass. 

DAY, T. 1974. Dispersion in natural channels. 

Theses in Progress: 

Botany 

HAMMOND, J.M. Evolutionary relationships in Raoulia. 

McINTOSH, T. Vegetation of snow avalanche paths. 

Zoology 

STAPLES, J.A. Ceriodaphnia dubia in Lake Grasmere. 

McCAMMON, R. Organic energy budget of a beech forest stream. 

STARK, J. Animals on rooted plants in Lake Grasmere. 

DEACON, K. Seasonal regulation of dragonfly larvae. 



409 

II. PUBLICATIONS BASED ON STUDIES IN THE CASS AREA 

(In alphabetical order under main subject headings) 

Those marked Pare only partly derived from work at Cass. 

General 

CHILTON, C. 1915. Notes from the Canterbury College Mountain Biological 
Station, Cass. No. 1. Introduction and General Description of Station. 
Trans. N.Z. Inst. 47: 331-5. 
(Hereafter the titles of these papers are abbreviated to "Notes No .... ".) 

Botany 

ARNOLD, B.C. 1959. The structure of spines of Hymenanthera alpina. 
9: 367-71. Phytomorphology 

1959. Isolation of a fungus from mycorrhizas of Nothofagus 
cliffortioides (Hook. f.) Oerst. Trans. Roy. Soc. N.Z. 87: 235-41. 

1960. Mycorrhizal infection of germinating seedlings of 
Nothofagus cliffortioides. Pacific Science 14: 248-50. 

1966. Histogenesis in roots of Nothofagus solandri var. 
cliffortioides (Hook. f.) Poole. Ibid. 20: 95-9. 

BARBER, H.G. 1962. Freshwater diatoms from Cass, South Island, New Zealand. 
J. Quekett Microscopical Club 29: 17-20. 

BETTS, M.W. 1920. Notes No. 7. The rosette plants, Part I. 
•rrans. N.Z. Inst. 52: 253-75. 

BLAIR, I.D. 1967a. Studies on Rhizobium strains. I. Rhizobium meliloti. 
N.Z. J. Agro Res. 10: 66-81. 

1967b. Studies on Rhizobium strains. II. Rhizobium trifolii. 
Ibid. 10: 237-52. 

BURROWS, C.J. 1960. Recent changes in vegetation of the Cass area, 
Canterbury. N.Z. Geographer 16: 57-70. 

1961. Studies in Pimelea. I. The breeding system. 
Trans. Roy. Soc. N.Z. 88: 29-45. 

1962a. Studies in Pimelea. II. Taxonomy of some mountain 
species. Ibid. (Bot.) 1: 217-23. 

1962b. The flora of the Waimakariri Basin. 
Ibid. (Bot.) l: 195-216. 

1964. The ecosystem concept in ecology (includes an outline 
of the beech forest ecosystem at Cass). Education 13: 46-51. 
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BURROWS, C.J. 1968. Bog and flush vegetation; Alpine grasslands; 
Lowland and upland scrub; Forest distribution and the forest and 
scrub flora. Chapters In The Natural History of Canterbury, 
{Ed. G.A. Knox), pp.117-32, 133-204, 212-7, 226-54. 

1972. Coltsfoot, a potentially dangerous weed. 
Tussock Grasslands and Mountain Lands Institute Review 25: 38-9. 

CALDER, D.M. 1961. Plant ecology of subalpine shingle riverbeds in 
Canterbury, New Zealand. J. Ecology 49: 581-94. 

> COCKAYNE, L. 1899. Plant geography of the Waimakariri. 
Trans. N .Z. Inst. 32: 95-136. 

-------, FOWERAKER, C.E. 1916. Notes No. 4. The principal 
plant associations in the immediate vicinity of the station. 
Ibid. 48: 166-86. 

DALY, G.T. 1969. The biology of matagouri. 
Proc. 22nd N.Z. Weed and Pest Control Confce. 195-200. 

-----, SMITH, B.E., SIEW CHUA 1972. Carbon and nitrogen fixation in 
rhizomatous species of Coriaria. Proc. N.Z. Ecological Soc. 19: 65-74. 

DICK, R.D. 1956. Sixty years after a mountain beech forest fire. 
N.Z. J. Forestry 7(3): 104-8. 

DOBSON, A.T. 1975. Vegetation of a Canterbury subalpine 
mire complex. Proc. N.Z. Ecological Soc. 22: 67-75. 

P FINERAN, B.A. 1963. Parasitism in ExocaPpus bidJ..uitZii Hook. f. 

p 

p 

p 

Trans. Roy. Soc. N.Z. {Bot.) 2: 109-19. 

1963. Root parasitism in Santalaceae. Nature 197: 95. 

1962. Studies on the root parasitism of Exocarpus bidwiZlii 
Hook. f. I. Ecology and root structure of the parasite. 
Phytomorphology 12: 339-55. 

1963. II. External morphology, distribution and 
arrangement of haustoria. Ibid. 13: 30-41. 

1963. III. Primary structure of the haustorium. Ibid. 
13: 42-54. 

1964. IV. Structure of the mature haustorium. Ibid. 
13: 249-67. 

FISHER, F.J.F. 1952. Observations on the vegetation of screes in Canterbury, 
New Zealand. J. Ecology 40: 156-67. 

1968. Rock, shingle and riverbed. In The Natural History 
of Canterbury, (Ed. G.A. Knox), 106-16. 

FLINT, E.A. 1938. 
New Zealand. 

A preliminary study of phytoplankton in Lake $arah, 
J. Ecology 26: 353-8. 
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FLINT, E.A. 1975. Phytoplankton in some New Zealand lakes. 
In New Zealand Lakes, (Eds V.H. Jolly and J.M.A. Brown). 
Auckland and Oxford University Press 163-92. 

------, BULLOCK, s. 1976. The fine structure of Crucigenia 
truncata G.M. Smith from Lake Pearson, Canterbury, New Zealand. 
N.Z. J. Botany 14: 261-10. 

FOWERAKER, C. E. 1917. Notes No. 5. The mat plants, cushion plan ts and 
allied forms of the Cass riverbed. Trans. N.Z. Inst. 49: 1-49. 

FRANKEL, 0 .H. 1940. Studies in Hebe. 
sterility in the genetic system. 

II. The significance of male 
J. Genetics 40: 171-84. 

-------, HAIR, J.B. 1937. Studies on the cytology, genetics 
and taxonomy of New Zealand Hebe and Veronica Part 1. 
N.Z. J. Science & Tech. 18: 669-

P HARRIS, w. 1968. Environmental effects on the sex ratio of 
Rumex acetosella L. Proc. N.Z. Ecological Soc. 15: 51-4. 

P ----- 1969. Seed characters and organ size in the cytotaxonomy 
of Rwnex acetosella. N.Z. J. Botany 7: 125-41. 

P ------ 1970. Yield and habits of New Zealand populations of Rumex 
acetoselZa at three altitudes in Canterbury. Ibid. 8: 114-31. 

INSTITUTE OF AGRICULTURAL SCIENCE 1962. Methods of Measuring Plant 
Communities. (Report of a seminar held at Cass.) 6lpp. 
Articles: P.B. Lynch. The usefulness and limitations of 
observational assessments of pastures; C.J. Burrows. A method 
of sampling high mountain grassland vegetation; M.J. Wraight. 
Methods of measurement of alpine grassland; J.M. Hercus. Description 
of the permanent line transect technique being used by the Department 
of Agriculture in tussock grasslands investigations; J .H. Stone. 
Cover for catchment purposes; N.A. Cullen. Methods of measurement of 
improved grasslands; A.F. Mark. The measurement of scrub vegetation; 
H.E. Connor. The Braun-Blanquet method; N.S. Mountier. Distribution 
of plants and methods of measurement; N.S. Moun.tier. A classification 
of the measurement methods in use in New Zealand. 

LINTOTT, W.H., BURROWS, C.J. 1973. A pollen diagram and 
rnacrofossils from Kettlehole Bog, Cass, South Island, New Zealand. 
N.Z. J. Botany 11: 269-82. 

P LLOYD, D.J. 1972. A revision of the New Zealand subantarctic 
and South American species of CotuZa, section Leptinella. 
N.Z. J. Botany 10: 277-37. 

1973. Sex ratios in s~xually dimorphic Umbelliferae. 
Heredity 31: 239-49. 

------, MYALL, A.J. 1976. Sexual dimorphism in Cirsium arvense 
(L.) Scop. Annals of Botany 40: 115-23. 

------, WEBB, C .J. 1977. Secondary sex characters 1.in seed plants. 
Botanical Reviews (in press). 
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MOAR, N.T. l966. Plant fragments from Kettlehole Bog, Cass. 
N.Z. J. Botany 4: 596-8. 

19 7l. Contributions to the Quaternary history of the N. Z. flora. 
6 Aranuian pollen diagrams from Canterbury, Nelson and North Westland, 
South Island. Ibid. 9: 80-145. 

P MOLLOY, B.P.J. 1968. Recent history of the vegetation. In The Natural 
History of Canterbury,, (Ed. G.A. Knox) 340-60. 

PHILIPSON, W.R. 1959. Some observations on root parasites in New Zealand. 
Trans. Roy. Soc. N.Z. 87: 1-3. 

1973. A comparison of the embryology of Forstera L. 
and Donatia L. R. and G. Forst. N.Z. J. Botany 11: 449-60. 

--------, BROWNLIE, G. 1958. The Flora of Cass. Botany Department, 
University of Canterbury. (With articles on the Establishment and 
early history of the station by E. Percival, Geology by M. Gage, 
Climate by F.R. Nurse, Soil types (Soil Bureau, D.S.I.R.) and History 
of the vegetation by P.E. Young and N.T. Moar.) 

RAMSAY, A.J. 1974. The use of autoradiography to determine the proportion 
of bacteria metabolizing .in an aquatic habitat. J. General Microbiology 
80: 363-73. 

1976. Heterotrophic bacteria and their relationship with 
plankton in a New Zealand freshwater lake. N.Z. J. Marine & Freshw. Res. 
10: 77-90. 

p WEBB, C.J. 1976. Flowering periods in the gynodioecious species 
Gingidia decipiens (Umbelliferae). N.Z. J. Botany 14: 207-10. 

Zoology 

BENZIE, v. 1968. The life history of Galaxias vulgaris Stokell, with a 
comparison with G. maculatus attenuatus. N.Z. J. Marine & Freshw. 
Res. 2: 628-53. 

P BIGELOW, R.S. 1967. The Grasshoppers (Acrididae) of New Zealand; their 
Taxonomy and Distribution. Univ. of Canterbury, 109 pp. 

BULLIVANT, J.S., JOHNS, P.M., MCCALLUM, H. 1955. Report on a survey of 
salmon spawning in the Waimakariri River, May 1955. North Canterbury 
Acclim. Soc. Report. 

P BURNET, A.M.R., CRANFIELD, H .. J., BENZIE, V .L. 1969. The fresh-

p 

water fishes. In The Natural History of Canterbury, (Ed. G.A. Knox) 
498-508. 

CRAIG, D.A. 1967. The eggs and embryology of some N.Z. Bl:epharoceridae 
(Diptera:Nematocera) with reference to the embryology of other 
Nematocera. Trans. Roy. Soc. N.Z. (Zool.) 8(18): 191-206. 

1969. A taxonomic revision of New Zealand Blepharoceridae and 
the origin and evolution of the Australasian Blepharoceridae (Diptera: 
Nematocera). Ibid. (Biological sciences) 11: 101-51. 
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P CRUMPTON, W.J. 1975. Adult behaviour of Xanthocnemis zeaZandica McLachlan 
and AustroZestes coZensonis White at selected South Island (New Zealand) 
habitats (Zygoptera: Coenagrionidae, Lestidae). Odonatologica 
4 ( 3) : 149-68. 

P DICK, R.D. 1940. Observations on insect-life in relation to tussock
grassland deterioration. N.Z. J. Science & Techn. (A)22: 19-29. 

GLASGOW, J.P. 1936. The bionomics of Hydropsyche coZonica McLachlan and 
H. phiZpottii Tillyard (Trichoptera). Proc. Roy. Entomological Soc. 
Lond., A, 11: 122-8. 

P GOLDMAN, C.A. 1972. The role of minor nutrients in limiting the productivity 
of aquatic ecosystems. In Nutrients and Eutrophication: The Limiting 
Nutrient Controversy, (Ed.) G.E. Likens. American Soc. Limnol. 
Oce.anogr., Kansas, Special Symposia 1: 21-33. 

P HARRISON, R.A., WHITE, E.G. 1968. Grassland invertebrates. 
In The Natural History of Canterbury, (Ed. G.A. Knox), 379-90. 

HELSON, G.A.H. 
(Newman). 

Newman. 

1934. The bionomics and anatomy of StenoperZa prasina 
Trans. Roy. Soc. N.Z. 64: 214-48. 

·1935. The hatching and early instars of StenoperZa prasina 
Ibid. 65: 11-14. 

HILGENDORF, F.W. 1918. Notes No. 6. The insect life. Trans. N.Z. Inst. 
50: 135-44. 

P JOHNS, P.M. 1964. The Sphaerotrichopidae (Diplopoda) of New Zealand I. 

p 

p 

p 

Rec. Canterbury Museum 8: 1-49. 

1966. The cockroaches of New Zealand. Ibid. 8: 91-136. 

1969. The mountain invertebrate fauna. In The Natural History 
of Canterbury, (Ed. G.A. Knox), 391-9. 

1970. New genera of New Zealand Dalodesmidae (Diplopoda). 
Trans. Roy. Soc. N.Z. (Biological Sciences) 12(20): 217-37. 

MACFARLANE, W.V. 1945. The life cycle of the heterophoid trematode 
TeZogaster opistorchis. Ibid. 75:218-30. 

1952. Bionomics of two trematode parasites of New Zealand 
eels. J. Parasitology 38: 391-7. 

McFARLANE, A.G. 1939. Additions to New Zealand Rhyacophilidae. Part I. 
Trans. Roy. Soc. N.Z. 69: 330-40. 

1951a. Additions to the New Zealand Rhyacophilidae. 
Part 2. Rec. Canterbury Museum 5: 255-65. 

1951b. Caddis fly larvae (Trichoptera) of the family 
Rhyacophilidae. Ibid. 5: 267-89. 

1956. Additions to the New Zealand Trichoptera Part 3. 
Ibid. 7: 29-41. 
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McFARLANE, A.G. 1960. Additions to the New Zealand Trichoptera, 
Part 4. Ibid. 7: 203-18. 

1964. A new endemic subfamily and other additions 
and emendations to the Trichoptera of New Zealand, Part 5. 
Ibid. 8: 55-79. 

1966. New Zealand Trichoptera, Part 6. Ibid. 8: 137-61. 

1973. Five new species of Trichoptera from New Zealand. 
J. Roy. Soc. N.Z. 3: 23-34. 

NURSE, F.R. 1950. Freshwater Triclads new to the fauna of New Zealand. 
Trans. Roy. Soc. N.Z. 78: 410-7. 

PARRY, G. 1948. A chemical survey of Lakes Lyndon and Pearson, from 
March 1947 to October 1948. Report to North Canterbury Acclim. Soc., 
November 1948. 

PE RC I VAL, E . 
Gould. 

1931. A note on the life history of Diplodon Zutulentus 
Trans. N.Z. Inst. 62: 1-6. 

1948. Survey of Lakes Lyndon and Pearson. 
North Canterbury Acclim. Soc. Ann. R~port, 84, 1948. 

1949. Summary of a report on a chemical survey of 
Lakes Lyndon and Pearson from March 1947 until October 1948. 
Ibid., 85, 1949. 

1951. Planktonic animals in Lakes Lyndon and Pearson. 
Ibid. 87: 22-4. 

PILGRIM, R.L.C. 1962. The late larva and pupa of Choristella philpotti 
Tillyard, (Mecoptera). Proc. Entomological Soc. N.Z. (in N.Z. 
En tomo l. ) 3 ( 1) : 2 . 

1970. Knowledge of New Zealand Mecoptera, Mallophaga, 
Anoplura and Siphonaptera. N.Z. Entomologist 4(3): 72-9. 

1972. The aquatic larva and the pupa of ChoristeZZa 
philpotti Tillyard, 1917 (Mecoptera: Nannochoristidae) 
Pacific Insects 14(1): 151-68. 

P STAPLES, D.J. 1975. Production biology of the upland bully Philypnodon 
breviceps Stokell in a small New Zealand lake. I. Life history, 
food, feeding and activity rhythms. J. Fish Biol. 7: 1-24. 

P STOUT, V.M. 1969a. Life in lakes and ponds. In The Natural History of 
Canterbury, (Ed. G. A. Knox) 45 8-70. 

p 1969b. The invertebrate fauna of the rivers and streams. 
Ibid. 471-97. 

1969c. Lakes in the mountain region of Canterbury, New Zealand. 
Verht. Int. Ver. Limnologie 17: 404-13. 

1972. Plankton composition in relation to nutrient inflow in a 
small New Zealand lake. Ibid. 18: 605-12. 
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TILLYARD, R.J. 1921a. Description of a new dragonfly belonging to the 
genus UropetaZa Selys. Trans. N.Z. Inst. 53: 343-5. 

1921b. Studies of N.Z. Trichoptera or caddis flies, 
No. 1. Ibid. 53: 346-50. 

1924. Studies of N.Z. Trichoptera or caddis flies, 
No. 2. Ibid. 55: 285-315. 

WHITE, E.G. 1974a. A quantitative biology of three New Zealand alpine 
grasshopper species. N.Z. J. Agricultural Res. 17: 207-27. 

1974b. Grazing pressures of grasshoppers in an alpine 
tussock grassland. Ibid. 17: 357-72. 

1975a. A survey and assessment of grasshoppers as herbivores 
in the South Island alpine tussock grasslands of New Zealand. 
Ibid. 18: 73-85. 

1975b. An investigation and survey of insect damage affecting 
ChionochZoa seed production in some alpine tussock grasslands. 
Ibid. 18: 163-78. 

1975c. A model and case-study of pest assessment in a complex 
environment. N.Z. Entomologist 6: 29-31. 

------, WATSON, R.N. 1972. A food consi..nnption study of three 
New Zealand alpine grasshopper species. N.Z. J. Agricultural Res. 
15: 867-77. 

WINTERBOURN, M.J. 1976. Fluxes of litter falling into a small beech 
forest stream. N.Z. J. Marine & Freshw. Res. 10 (in press). 

-----------, DAVIS, S.F. 1976. Ecological role of Zelandopsyche ingens 
(Trichoptera: Oeconesidae) in a beech forest stream ecosystem. 
Aust. J. Marine & Freshw. Res. 27 (in press). 

WISELY, B. 1961. Studies on Ephemeroptera. I. Coloburiscus humeralis 
(Walker); Early life history and nymph. Trans. Roy. Soc. N.Z. (Zool.) 

-1: 249-57. 

1962. Studies on Ephemeroptera. II. Coloburiscus humeralis 
(Walker); Ecology and distribution of the nymphs. Ibid. 2: 209-20. 

1965. studies on Ephemeroptera. III. Coloburiscus humeralis 
(Walker); Morphology and anatomy of the winged stages. 
N~Z. J. Science 8: 398-415. 

WOLFE, L.S. 1953. A study of the Genus UropetaZa Selys (Order Odonata) 
from New Zealand. Trans. Roy. Soc. N.Z. 80: 245-75. 

Geology 

BURROWS, C.J., KELLY, M., CHINN, T. -1976. A note on the implications of new 
radiocarbon dates for glacial activity in New Zealand near the 
Pleistocene-Holocene boundary. Boreas 5: 57-60. 
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GAGE, M. 1958. Late Pleistocene glaciations of the Waimakariri Valley, 
Canterbury, New Zealand. N.Z. J. Geology & Geophys. 1: 123-55. 

1959. The origin of some Canterbury lakes. 
N.Z. Geographer 15: 69-75. 

GUDEX, M.C. 1909. Some striated stones from the St. Bernard Saddle, 
Upper Waimakariri Valley. Trans. N.Z. Inst. 41: 33. 

MOAR, N.T., GAGE, M. 1973. Interglacial deposits in Joyces Stream (S74), 
Canterbury. N.Z. J. Geology & Geophys. 16: 321-31. 

SPEIGHT, R. 1907. Terrace-development in the valleys of the Canterbury 
rivers. Trans. N.Z. Inst. 40: 16-43. 

1910. Glaciated surfaces and boulder-clay near Bealey. 
Ibid. (Proceedings) 43: 98. 

1916a. Notes No. 2. The physiography of the Cass district. 
Ibid. 48: 145-53. 

1916b. The orientation of the river-valleys of Canterbury. 
Ibid. 48: 137-44. 

1921. The medication of spur-ends by glaciation. 
Ibid. 53: 47-53. 

1928. The geological features of the Waimakariri basin. 
Rec. Canterbury Museum 3: 199-229. 

1933. The Arthurs Pass earthquake of 9th March, 1929. 
N.Z. J. Science & Techn. 15: 173-82. 

1938. Morainic deposits of the Waimakariri Valley. 
Trans. Roy. Soc. N.Z. 68: 143-60. 

1938. Recent faulting in the Southern Alps. 
N.Z. J. Science & Techn. 19: 701-8. 

Geography 

CUMBERLAND, K.B. 1944. High-country "Run". The geography of extensive 
pastoralism in New Zealand. Economic Geography 20(3): 204-20. 

GREENLAND, D.E. 1969. Soil heat flow investigations at Cass, South Island 
high country, New Zealand. N.Z. J. Agricultural ~es. 12: 352-66. 

1972. An application of Lettau's climatonomy to an Alpine 
Valley. In International Geography. Univ. Toronto Press, (Eds) 
W.P. Adams and F.M. Helleiner. 1351~2. 

1973a. An estimate of the heat balance in an alpine valley 
in the New Zealand Squthern Alps. Agricultural Meteorology 11: 293-302. 

1973b. Application of climatonomy to an Alpine Valley. 
N.Z. J. Science 16: 8-23. 



417 

GREEijLAND, D.E. 1973c. The surface energy budget and synoptic weather in 
the Chilton Valley, New Zealand Southern Alps. N.Z. Geographer 29: 1-15. 

1974. The Chilton Valley, Cass - A field experiment in 
physical geography. Ibid. 30: 172-9. 

--------, OWENS, I.F. 1967. An analysis of rainfall and soil 
moisture characteristics in the Chilton Valley, Cass. J. Hydrology (N.Z.) 
6: 80-9. 

--------, CLOTHIER, B. 1975. A study of radiation in the New Zealand 
Southern Alps. Geografiska Annaler 3-4 Ser. A, 143-51. 

HAY, J.E. 1971. Computation model for radiative fluxes. 
J. Hydrology (N.Z.) 10: 36-48. 

-----, SYKES, W.B. 1972. Advances in data logging in a remote high 
country environment. N.Z. Electrical Journal 45(12): 222-4. 

IRWIN, J •. 1969. take Grasmere, provisional bathymetry 1: 3,168. 
N.Z. Oceanographic Institute Chart, Lake Series. 

1970. Lake Pearson, provisional bathymetry 1: 7920. 
Ibid. 

OWENS, I.F. 1969. Causes and rates of slow mass-movement processes in the 
South Island high country. Arctic and Alpine Research l: 213-20. 

SOONS, J.M. 1967. Erosion by needle ice in the Southern Alps, New 
Zealand. In Arctic and Alpine Environments. (Ed. Wright, H.E. 
and Osburn, Indiana U. Press.) 217-27. 

1970. Rainfall/runoff relationships in the South Island 
High Country. J. Hydrology (N.Z.) 9(2): 192-201. 

1971. Factors involved in .soil erosion in the Southern Alps, 
New Zealand. Zeits. f. Geomorphologie 14(4): 460-70. 

------, GREENLAND, D .E. 1970. Observations on the growth of needle 
ice. J. Water Resources Res. 6(2): 579-93. 

------, RAYNER, J.N. 1968. Micro-climate and erosion processes in 
the Southern Alps, New .Zealand. Geografiska Annaler, A 50, 1-15. 

Land Management 

COCKAYNE, A.H. 1916. Notes No. 3. Some economic considerations concerning 
montane tussock grassland. Trans. N.Z. Inst. 48: 154-65. 

DICK, R.D. 1952. The changing tussock grasslands. 
Proc. N.Z. Grasslands Assoc. 14: 114-22. 

1965. Tussock grassland improvement - Waimakariri. 
Soil and Water 1: 21-3. 



p 

41 8 

D.L.F. 1961. High country experiment returns a profit. 
Christchurch Press, Saturday Ap~il 29, 1961, 6. 

1975. Aim to improve condition of high country. 
Ibid., Friday Dec. 19, 1975, 6. 

HAYWARD, J.A. (compilor) 1967. The Waimakariri Catchment. Tussock 
Grasslands and Mountain Lands Institute Special Publication No. 5, 288pp. 
Chapters include descriptions of Topography, Geology, Climate, 
Soils, Erosion, Vegetation, Animal Life, Hydrology and Flooding, 
Population, Communications, Agricultural and Pastoral Land Use, 
Recreational Land Use, Other Land Use, Research Related to Land 
Production and Protection, Potential for Production, Recommendations 
for Land Use and Research. 

Tadorna variegata 



\. -
\ 

\ 

i:,.\'.·, ... ' 
!:·.:·· . 
1.'·•: ·:••,. 

re: 
I "''"" I =- :c=. ROAD 

_, -- - TRAC~ 

0 
\. 

ONC l'ltEE _ ""'J, ......_..., 
.,t ~-, -----~ 

\ ~ ~ ~-
\ /' 

'\±,._ ~ /_.,..,,. 
"" ~../ 

\ 

I ·••••·• RAILWAY 

-0--- - ~. HIGH TENSION TRANSMISSION LINE 

I"- -~~~ TERRACE 

~ FOREST I It 1.1.· '- WFTLANO 

I /J:,66J TRIG 

j r; 1082 SPOT HEIGHTS I HEIGHTS AND CONTOURS IN METRES 

~ 

l 
Fig. l• 3 Locality map: 

~ 

\'% .. 
• \\ ,. 

\\ 
\\ 
\\ 

". . _:_ 
...... "So \\ ,. ... \\ 

.. .. -, .. .. " 
\\ 

~' .. 
• \\ 

' • ,,, ,, 

\\ 

• • \\ 
\\ 

"' • \\ ,, 
\ RIBBONWOOO 

\\ 

\ FAN 

the immediate environs of the Cass Field Station. 


	TABLE OF CONTENTS
	PREFACE
	1. HISTORY OF THE CASS FIELD STATION
	2. HISTORY OF THE CASS DISTRICT
	APPENDIX: BRIEF HISTORY OF THE UPPER WAIMAKARIRI RUNS

	3. THE FARMING ENDEAVOUR
	4. THE GEOLOGY OF THE PRE-QUATERNARY ROCKS AROUND CASS
	5. GLACIAL GEOLOGY
	6. THE GEOMORPHOLOGY OF THE CASS DISTRICT
	7. WEATHER AND CLIMATE AT CASS
	APPENDIX: CLIMATE RECORDS FROM THE CASS FIELD STATION

	8. SOILS OF THE CASS DISTRICT
	APPENDIX: REPRESENTATIVE PROFILE DESCRIPTIONS OF SOILS OF THE WAIMAKARIRI BASIN
	9. PLANT SYSTEMATICS
	10. POST-GLACIAL HISTORY OF VEGETATION AT CASS
	11. THE FIRE HISTORY
	12a. VEGETATION IN THE CASS DISTRICT AND ITS ECOLOGY
	12b. ALPINE - SUBALPINE ROCK, ROCK DEBRIS AND SCREE VEGETATION
	13. GRASSLAND VEGETATION
	14. RIVERBED VEGETATION
	15. SCRUB VEGETATION
	16. FOREST VEGETATION
	17. MIRE VEGETATION
	18. ADVENTIVE PLANTS
	19. BIOLOGY OF THE STREAM FAUNA
	20. BIOLOGY OF THE FAUNA OF LAKES AND TARNS
	21. THE BIOLOGY OF THE TERRESTRIAL FAUNA
	22. CHECKLIST OF THE FLORA OF CASS
	23. CHECKLIST OF THE FAUNA OF CASS
	LIST OF CONTRIBUTORS
	ACKNOWLEDGEMENTS
	24. REFERENCES


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220622093910
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1188
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     28.3465
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     61
     103
     61
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220622093928
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1188
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     28.3465
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     69
     103
     69
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220622094005
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1188
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     28.3465
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     101
     103
     101
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -33.51, 800.59 Width 632.11 Height 21.41 points
     Mask co-ordinates: Horizontal, vertical offset 552.04, -0.02 Width 21.41 Height 803.40 points
     Mask co-ordinates: Horizontal, vertical offset -169.43, -0.02 Width 727.06 Height 23.27 points
     Mask co-ordinates: Horizontal, vertical offset -99.61, -0.02 Width 120.09 Height 782.92 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094337
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -33.5137 800.5885 632.1052 21.4115 552.0448 -0.0161 21.4115 803.3974 -169.4303 -0.0161 727.0606 23.2734 -99.6101 -0.0161 120.0907 782.9168 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     1
     103
     1
     c71ee270-bc15-44e9-b0b7-03a061afbd14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -202.94, 793.14 Width 804.33 Height 28.86 points
     Mask co-ordinates: Horizontal, vertical offset 543.67, -0.02 Width 46.55 Height 794.09 points
     Mask co-ordinates: Horizontal, vertical offset -322.10, -0.02 Width 882.53 Height 119.16 points
     Mask co-ordinates: Horizontal, vertical offset -183.39, 44.67 Width 264.39 Height 719.61 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094344
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -202.944 793.141 804.3284 28.859 543.6664 -0.0161 46.5468 794.0881 -322.1037 -0.0161 882.5269 119.1598 -183.3943 44.6688 264.3857 719.6132 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     2
     103
     2
     c8c0559a-82ac-4e7a-8f95-b317efe89ad1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -113.57, 727.04 Width 218.77 Height 85.65 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094347
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -113.5741 727.0446 218.7699 85.6461 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     2
     103
     2
     5b317ea4-c2bb-4d4e-b590-71250cd2f6a3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -48.41, 549.24 Width 92.16 Height 272.76 points
     Mask co-ordinates: Horizontal, vertical offset -80.06, 3.71 Width 94.02 Height 548.32 points
     Mask co-ordinates: Horizontal, vertical offset -14.90, -0.02 Width 634.90 Height 35.38 points
     Mask co-ordinates: Horizontal, vertical offset -337.93, 751.25 Width 962.59 Height 70.75 points
     Mask co-ordinates: Horizontal, vertical offset 559.49, -0.02 Width 105.20 Height 765.23 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094404
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -48.4086 549.2358 92.1626 272.7642 -80.0605 3.7076 94.0245 548.321 -14.895 -0.0161 634.8981 35.3755 -337.9296 751.2489 962.5874 70.7511 559.4922 -0.0161 105.1957 765.2291 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     4
     103
     4
     7f81c3d0-faf3-441f-bc08-220feb2095fb
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -68.89, 718.67 Width 127.54 Height 103.33 points
     Mask co-ordinates: Horizontal, vertical offset 46.55, 794.07 Width 44.68 Height 27.93 points
     Mask co-ordinates: Horizontal, vertical offset 63.30, 793.14 Width 793.16 Height 28.86 points
     Mask co-ordinates: Horizontal, vertical offset 541.80, -0.02 Width 179.67 Height 796.88 points
     Mask co-ordinates: Horizontal, vertical offset -83.78, 355.60 Width 122.88 Height 194.57 points
     Mask co-ordinates: Horizontal, vertical offset -17.69, -0.02 Width 726.13 Height 447.78 points
     Mask co-ordinates: Horizontal, vertical offset -58.65, 511.07 Width 99.61 Height 212.25 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094422
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -68.8892 718.6661 127.5382 103.3339 46.5468 794.072 44.6849 27.928 63.3036 793.141 793.1571 28.859 541.8045 -0.0161 179.6705 796.8809 -83.7842 355.6013 122.8835 194.5655 -17.6878 -0.0161 726.1297 447.78 -58.6489 511.0675 99.6101 212.2533 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     5
     103
     5
     c0103b1b-dad1-4143-bfd1-c924b62595ad
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 34.44, 656.29 Width 35.38 Height 40.03 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094428
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     34.4446 656.2935 35.3756 40.0303 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     5
     103
     5
     83033226-c255-4365-b71a-0c9b2b5d0ad8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -34.44, 809.90 Width 608.83 Height 12.10 points
     Mask co-ordinates: Horizontal, vertical offset -28.86, 632.09 Width 99.61 Height 179.67 points
     Mask co-ordinates: Horizontal, vertical offset -94.02, 428.21 Width 148.95 Height 205.74 points
     Mask co-ordinates: Horizontal, vertical offset -94.96, -0.02 Width 136.85 Height 436.61 points
     Mask co-ordinates: Horizontal, vertical offset 2.79, -0.02 Width 661.90 Height 51.20 points
     Mask co-ordinates: Horizontal, vertical offset 554.84, -0.02 Width 67.96 Height 809.91 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094443
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -34.4446 809.8978 608.8319 12.1022 -28.859 632.0891 99.6101 179.6706 -94.0245 428.2143 148.9497 205.7368 -94.9554 -0.0161 136.8475 436.6088 2.7928 -0.0161 661.8952 51.2015 554.8376 -0.0161 67.9583 809.9139 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     6
     103
     6
     d581c2fc-f133-43cf-8494-b8bca3ed635e
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (553.91 -0.02) Right top (658.17 808.04) points
     Colour: Default (white)
      

        
     D:20220622094458
      

        
     1
     0
     553.9067 -0.0161 658.1714 808.0359 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     8
     103
     8
     e460c01f-8e68-4a0b-82ef-4d5212979e76
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (18.62 -0.02) Right top (612.56 39.08) points
     Colour: Default (white)
      

        
     D:20220622094458
      

        
     1
     0
     18.6187 -0.0161 612.5556 39.0832 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     8
     103
     8
     3ac7e93d-af39-4241-ba65-0343c080172f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (-108.92 -0.02) Right top (46.55 650.71) points
     Colour: Default (white)
      

        
     D:20220622094458
      

        
     1
     0
     -108.9195 -0.0161 46.5468 650.7079 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     8
     103
     8
     763cdcfa-6a47-491f-a4ee-a6b9bd30ecb6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (-9.31 648.85) Right top (74.47 810.83) points
     Colour: Default (white)
      

        
     D:20220622094458
      

        
     1
     0
     -9.3094 648.846 74.4749 810.8288 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     8
     103
     8
     6f8f3aca-a75c-42c6-bac0-472fa336c72e
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (-53.06 802.45) Right top (595.80 822.00) points
     Colour: Default (white)
      

        
     D:20220622094458
      

        
     1
     0
     -53.0633 802.4504 595.7988 822 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     8
     103
     8
     9f643d50-2a08-4621-acdc-e480eeeaed4d
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 7 to page 7
     Mask co-ordinates: Left bottom (674.93 307.19) Right top (676.79 307.19) points
     Colour: Default (white)
      

        
     D:20220622094458
      

        
     1
     0
     674.9283 307.1926 676.7902 307.1926 
            
                
         7
         SubDoc
         7
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     8
     103
     6
     400398c7-a918-4837-bf44-6d1653c1837f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -29.79, 798.73 Width 619.07 Height 23.27 points
     Mask co-ordinates: Horizontal, vertical offset 548.32, -0.02 Width 81.92 Height 798.74 points
     Mask co-ordinates: Horizontal, vertical offset -57.72, -0.02 Width 843.43 Height 122.88 points
     Mask co-ordinates: Horizontal, vertical offset -128.47, 40.01 Width 138.71 Height 761.51 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094508
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -29.7899 798.7266 619.0722 23.2734 548.321 -0.0161 81.9223 798.7427 -57.718 -0.0161 843.4276 122.8835 -128.4691 40.0141 138.7094 761.5053 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     9
     103
     9
     ab5caa5f-744f-4b24-9b46-80581cccdd8c
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -41.89, 801.52 Width 649.79 Height 20.48 points
     Mask co-ordinates: Horizontal, vertical offset -207.60, -0.02 Width 251.35 Height 808.05 points
     Mask co-ordinates: Horizontal, vertical offset -5.59, -0.02 Width 732.65 Height 62.37 points
     Mask co-ordinates: Horizontal, vertical offset 546.46, -0.02 Width 141.50 Height 811.78 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094516
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -41.8921 801.5194 649.793 20.4806 -207.5986 -0.0161 251.3526 808.0521 -5.5856 -0.0161 732.6463 62.3727 546.4592 -0.0161 141.5022 811.7758 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     10
     103
     10
     53e39e04-4d10-4ce1-abd6-985cede5ce10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -70.75, 800.59 Width 662.83 Height 21.41 points
     Mask co-ordinates: Horizontal, vertical offset -91.23, -0.02 Width 168.50 Height 802.47 points
     Mask co-ordinates: Horizontal, vertical offset 528.77, -0.02 Width 57.72 Height 792.23 points
     Mask co-ordinates: Horizontal, vertical offset 35.38, -0.02 Width 600.45 Height 86.58 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094524
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -70.7511 800.5885 662.8261 21.4115 -91.2317 -0.0161 168.4993 802.4665 528.7714 -0.0161 57.718 792.2262 35.3755 -0.0161 600.4534 86.577 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     11
     103
     11
     1f8ecae4-78fc-40bc-aa7e-3b6571d47a8b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 535.29, 789.42 Width 80.06 Height 26.07 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094527
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     535.288 789.4172 80.0604 26.0662 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     11
     103
     11
     c16856a2-862d-4b28-8fe4-003915a3fdb2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 1205.21, 823.80 Width 32.42 Height 2.86 points
     Mask co-ordinates: Horizontal, vertical offset -55.30, 826.66 Width 1246.21 Height 15.26 points
     Mask co-ordinates: Horizontal, vertical offset -55.30, -0.01 Width 264.12 Height 828.58 points
     Mask co-ordinates: Horizontal, vertical offset 143.98, 11.43 Width 72.47 Height 187.84 points
     Mask co-ordinates: Horizontal, vertical offset 139.21, -0.01 Width 1047.88 Height 54.35 points
     Mask co-ordinates: Horizontal, vertical offset 1095.56, -0.01 Width 149.70 Height 817.14 points
     Mask co-ordinates: Horizontal, vertical offset 1089.84, 778.99 Width 109.65 Height 62.93 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094542
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     1205.2072 823.8037 32.4186 2.8605 -55.3022 826.6642 1246.2071 15.2558 -55.3022 -0.0087 264.1158 828.5799 143.9765 11.4331 72.465 187.8369 139.2091 -0.0087 1047.8819 54.3487 1095.5562 -0.0087 149.6975 817.1381 1089.8353 778.9899 109.6509 62.9301 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     12
     103
     12
     b04f2100-e28c-440d-b30c-bb89aa43c35f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -129.40, 804.31 Width 717.75 Height 17.69 points
     Mask co-ordinates: Horizontal, vertical offset -38.17, 673.98 Width 91.23 Height 134.99 points
     Mask co-ordinates: Horizontal, vertical offset -95.89, -0.02 Width 142.43 Height 677.72 points
     Mask co-ordinates: Horizontal, vertical offset -6.52, -0.02 Width 686.10 Height 22.34 points
     Mask co-ordinates: Horizontal, vertical offset 548.32, -0.02 Width 130.33 Height 802.47 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094556
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -129.4001 804.3122 717.7513 17.6878 -38.1684 673.9813 91.2317 134.9857 -95.8864 -0.0161 142.4332 677.7211 -6.5166 -0.0161 686.0995 22.3425 548.321 -0.0161 130.331 802.4665 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     14
     103
     14
     46f07832-c3d2-4a8d-ac94-01c13b672ee3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -90.30, 802.45 Width 685.17 Height 19.55 points
     Mask co-ordinates: Horizontal, vertical offset 537.15, -0.02 Width 117.30 Height 801.54 points
     Mask co-ordinates: Horizontal, vertical offset -15.83, -0.02 Width 720.54 Height 28.86 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094603
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -90.3008 802.4504 685.1685 19.5496 537.1498 -0.0161 117.2979 801.5355 -15.8259 -0.0161 720.5441 28.859 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     15
     103
     15
     1be08ba4-5a24-4795-bb4e-49487e485212
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 17 to page 17
     Mask co-ordinates: Left bottom (-45.62 816.41) Right top (559.49 822.00) points
     Colour: Default (white)
      

        
     D:20220622094627
      

        
     1
     0
     -45.6158 816.4144 559.4922 822 
            
                
         17
         SubDoc
         17
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     16
     103
     16
     f47a253a-79b5-472e-9781-b89196e8804b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 17 to page 17
     Mask co-ordinates: Left bottom (543.67 799.66) Right top (618.14 822.00) points
     Colour: Default (white)
      

        
     D:20220622094627
      

        
     1
     0
     543.6664 799.6575 618.1412 822 
            
                
         17
         SubDoc
         17
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     16
     103
     16
     e8b5ea8b-b720-462b-b062-c200da84b12a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 17 to page 17
     Mask co-ordinates: Left bottom (547.39 -0.02) Right top (668.41 808.97) points
     Colour: Default (white)
      

        
     D:20220622094627
      

        
     1
     0
     547.3901 -0.0161 668.4117 808.9669 
            
                
         17
         SubDoc
         17
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     16
     103
     16
     761442e5-b4bb-4e5b-b187-e1c601aa4cf4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 17 to page 17
     Mask co-ordinates: Left bottom (-9.31 -0.02) Right top (615.35 33.50) points
     Colour: Default (white)
      

        
     D:20220622094627
      

        
     1
     0
     -9.3094 -0.0161 615.3484 33.4976 
            
                
         17
         SubDoc
         17
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     16
     103
     16
     542a7804-90e7-4484-99ef-86d2891c42da
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 17 to page 17
     Mask co-ordinates: Left bottom (-84.72 -0.02) Right top (47.48 820.14) points
     Colour: Default (white)
      

        
     D:20220622094627
      

        
     1
     0
     -84.7151 -0.0161 47.4777 820.1381 
            
                
         17
         SubDoc
         17
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     16
     103
     16
     e83ffc65-528c-450d-af93-b7821a21e9a6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 17 to page 17
     Mask co-ordinates: Left bottom (-63.30 819.21) Right top (65.17 822.00) points
     Colour: Default (white)
      

        
     D:20220622094627
      

        
     1
     0
     -63.3036 819.2072 65.1655 822 
            
                
         17
         SubDoc
         17
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     16
     103
     16
     f402bf0c-0649-4ff3-96f5-eb017865b7f1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 16 to page 16
     Mask co-ordinates: Left bottom (547.39 337.91) Right top (548.32 337.91) points
     Colour: Default (white)
      

        
     D:20220622094627
      

        
     1
     0
     547.3901 337.9135 548.321 337.9135 
            
                
         16
         SubDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     16
     103
     15
     de30dfdf-fd44-4980-940c-569a2f9c0dfd
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -82.85, 793.14 Width 666.55 Height 28.86 points
     Mask co-ordinates: Horizontal, vertical offset 538.08, -0.02 Width 121.95 Height 812.71 points
     Mask co-ordinates: Horizontal, vertical offset 11.17, -0.02 Width 558.56 Height 47.48 points
     Mask co-ordinates: Horizontal, vertical offset -91.23, -0.02 Width 121.95 Height 28.86 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094637
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -82.8533 793.141 666.5499 28.859 538.0807 -0.0161 121.9526 812.7068 11.1712 -0.0161 558.5613 47.4777 -91.2317 -0.0161 121.9526 28.859 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     17
     103
     17
     07216c16-51a3-4fc1-9c3a-2d8028c351a9
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -87.51, 800.59 Width 685.17 Height 21.41 points
     Mask co-ordinates: Horizontal, vertical offset -177.81, -0.02 Width 220.63 Height 811.78 points
     Mask co-ordinates: Horizontal, vertical offset -23.27, -0.02 Width 930.94 Height 29.79 points
     Mask co-ordinates: Horizontal, vertical offset 552.98, -0.02 Width 115.44 Height 801.54 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094646
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -87.5079 800.5885 685.1686 21.4115 -177.8087 -0.0161 220.6317 811.7758 -23.2734 -0.0161 930.9356 29.79 552.9757 -0.0161 115.436 801.5355 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     18
     103
     18
     6dc91e76-0cba-4f1b-93cd-3b0f67ba131c
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -52.13, 803.38 Width 617.21 Height 18.62 points
     Mask co-ordinates: Horizontal, vertical offset 535.29, -0.02 Width 197.36 Height 807.12 points
     Mask co-ordinates: Horizontal, vertical offset 526.91, 19.53 Width 1.86 Height 11.17 points
     Mask co-ordinates: Horizontal, vertical offset -101.47, -0.02 Width 653.52 Height 32.58 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094654
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -52.1324 803.3813 617.2103 18.6187 535.288 -0.0161 197.3583 807.1212 526.9095 19.5336 1.8619 11.1712 -101.472 -0.0161 653.5168 32.5828 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     19
     103
     19
     f721cde9-bf2d-4e1d-bbb9-ef6fb23d76cd
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -142.43, 799.66 Width 737.30 Height 22.34 points
     Mask co-ordinates: Horizontal, vertical offset -219.70, -0.02 Width 257.87 Height 808.05 points
     Mask co-ordinates: Horizontal, vertical offset -1.86, -0.02 Width 894.63 Height 33.51 points
     Mask co-ordinates: Horizontal, vertical offset 548.32, -0.02 Width 145.23 Height 805.26 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094703
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -142.4331 799.6575 737.3009 22.3425 -219.7008 -0.0161 257.8692 808.0521 -1.8619 -0.0161 894.6291 33.5137 548.321 -0.0161 145.226 805.2593 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     20
     103
     20
     6d6a208d-ea69-425c-8677-fef290f166bd
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -68.89, 803.38 Width 652.59 Height 18.62 points
     Mask co-ordinates: Horizontal, vertical offset 535.29, -0.02 Width 142.43 Height 810.84 points
     Mask co-ordinates: Horizontal, vertical offset -23.27, -0.02 Width 593.01 Height 33.51 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094712
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -68.8892 803.3813 652.5858 18.6187 535.288 -0.0161 142.4331 810.8449 -23.2734 -0.0161 593.0059 33.5137 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     21
     103
     21
     53783523-22c2-4606-899f-1946b6818279
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -127.54, 798.73 Width 748.47 Height 23.27 points
     Mask co-ordinates: Horizontal, vertical offset -100.54, -0.02 Width 134.05 Height 812.71 points
     Mask co-ordinates: Horizontal, vertical offset 7.45, -0.02 Width 845.29 Height 48.41 points
     Mask co-ordinates: Horizontal, vertical offset 551.11, -0.02 Width 121.95 Height 799.67 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094720
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -127.5382 798.7266 748.4722 23.2734 -100.541 -0.0161 134.0547 812.7068 7.4475 -0.0161 845.2895 48.4087 551.1138 -0.0161 121.9526 799.6736 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     22
     103
     22
     da1f3027-38cb-4728-9ed6-a4e057e08fb3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -95.89, 791.28 Width 703.79 Height 30.72 points
     Mask co-ordinates: Horizontal, vertical offset 519.46, -0.02 Width 224.36 Height 799.67 points
     Mask co-ordinates: Horizontal, vertical offset -17.69, -0.02 Width 591.14 Height 82.85 points
     Mask co-ordinates: Horizontal, vertical offset -198.29, -0.02 Width 245.77 Height 801.54 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094727
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -95.8864 791.2791 703.7873 30.7209 519.462 -0.0161 224.3555 799.6736 -17.6878 -0.0161 591.1441 82.8533 -198.2893 -0.0161 245.767 801.5355 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     23
     103
     23
     6b439cf8-4fcc-4538-8d83-85feccf59622
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -226.22, 801.52 Width 803.40 Height 20.48 points
     Mask co-ordinates: Horizontal, vertical offset -179.67, -0.02 Width 195.50 Height 803.40 points
     Mask co-ordinates: Horizontal, vertical offset -1.86, -0.02 Width 571.59 Height 30.72 points
     Mask co-ordinates: Horizontal, vertical offset 548.32, -0.02 Width 146.16 Height 807.12 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094735
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -226.2173 801.5194 803.3974 20.4806 -179.6706 -0.0161 195.4965 803.3974 -1.8619 -0.0161 571.5944 30.7209 548.321 -0.0161 146.1569 807.1212 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     24
     103
     24
     fcff4d6f-0034-4d31-b43f-28dd43bb19a5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -96.82, 798.73 Width 691.69 Height 23.27 points
     Mask co-ordinates: Horizontal, vertical offset 525.98, -0.02 Width 171.29 Height 799.67 points
     Mask co-ordinates: Horizontal, vertical offset -73.54, -0.02 Width 637.69 Height 89.37 points
     Mask co-ordinates: Horizontal, vertical offset -169.43, 15.81 Width 179.67 Height 776.40 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094742
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -96.8173 798.7266 691.6851 23.2734 525.9786 -0.0161 171.2922 799.6736 -73.5439 -0.0161 637.6909 89.3698 -169.4303 15.8098 179.6706 776.4003 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     25
     103
     25
     0ab71045-469c-4083-a38d-f724fe455a94
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -95.89, 796.86 Width 685.17 Height 25.14 points
     Mask co-ordinates: Horizontal, vertical offset -143.36, -0.02 Width 171.29 Height 802.47 points
     Mask co-ordinates: Horizontal, vertical offset 553.91, -0.02 Width 102.40 Height 799.67 points
     Mask co-ordinates: Horizontal, vertical offset 0.00, -0.02 Width 789.43 Height 67.03 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094751
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -95.8864 796.8647 685.1686 25.1353 -143.3641 -0.0161 171.2921 802.4665 553.9067 -0.0161 102.4029 799.6736 0 -0.0161 789.4333 67.0273 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     26
     103
     26
     3fd5ace1-d97f-4d51-a87b-6f88c675391e
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -81.92, 807.11 Width 673.07 Height 14.90 points
     Mask co-ordinates: Horizontal, vertical offset 545.53, -0.02 Width 110.78 Height 808.98 points
     Mask co-ordinates: Horizontal, vertical offset -67.03, -0.02 Width 647.00 Height 25.14 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094759
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -81.9223 807.105 673.0664 14.895 545.5283 -0.0161 110.7813 808.983 -67.0274 -0.0161 647.0002 25.1353 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     27
     103
     27
     d8a216c2-c735-4bd1-9ed3-94bce486427e
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -39.10, 801.52 Width 620.93 Height 20.48 points
     Mask co-ordinates: Horizontal, vertical offset 558.56, -0.02 Width 148.95 Height 805.26 points
     Mask co-ordinates: Horizontal, vertical offset -158.26, -0.02 Width 755.92 Height 37.24 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094805
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -39.0993 801.5194 620.934 20.4806 558.5613 -0.0161 148.9497 805.2593 -158.2591 -0.0161 755.9197 37.2374 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     28
     103
     28
     15f55727-2634-4dec-804b-9644eb4bd7a6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -48.41, 802.45 Width 624.66 Height 19.55 points
     Mask co-ordinates: Horizontal, vertical offset 535.29, -0.02 Width 150.81 Height 808.98 points
     Mask co-ordinates: Horizontal, vertical offset -27.93, -0.02 Width 577.18 Height 28.86 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094813
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -48.4086 802.4504 624.6577 19.5496 535.288 -0.0161 150.8115 808.983 -27.9281 -0.0161 577.18 28.859 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     29
     103
     29
     54c505fe-8aa1-4104-af2f-693ab9e7d5bb
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -60.51, 806.17 Width 634.90 Height 15.83 points
     Mask co-ordinates: Horizontal, vertical offset -121.95, -0.02 Width 143.36 Height 816.43 points
     Mask co-ordinates: Horizontal, vertical offset 0.93, -0.02 Width 698.20 Height 28.86 points
     Mask co-ordinates: Horizontal, vertical offset 547.39, -0.02 Width 125.68 Height 808.98 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094823
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -60.5108 806.1741 634.8981 15.8259 -121.9526 -0.0161 143.3641 816.4305 0.9309 -0.0161 698.2017 28.859 547.3901 -0.0161 125.6763 808.983 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     30
     103
     30
     8b7e8157-fa73-4d28-a5a9-c25415695cea
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -143.36, 807.11 Width 723.34 Height 14.90 points
     Mask co-ordinates: Horizontal, vertical offset 539.94, -0.02 Width 100.54 Height 809.91 points
     Mask co-ordinates: Horizontal, vertical offset -58.65, -0.02 Width 622.80 Height 66.10 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094830
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -143.3641 807.105 723.3369 14.895 539.9426 -0.0161 100.541 809.9139 -58.6489 -0.0161 622.7959 66.0964 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     31
     103
     31
     c0c06d02-0009-4085-b4f0-e754d4fb3c10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -174.09, 809.90 Width 761.51 Height 12.10 points
     Mask co-ordinates: Horizontal, vertical offset 554.84, -0.02 Width 117.30 Height 813.64 points
     Mask co-ordinates: Horizontal, vertical offset -59.58, -0.02 Width 70.75 Height 814.57 points
     Mask co-ordinates: Horizontal, vertical offset -27.93, -0.02 Width 662.83 Height 39.10 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094839
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -174.085 809.8978 761.5053 12.1022 554.8376 -0.0161 117.2979 813.6377 -59.5799 -0.0161 70.7511 814.5686 -27.9281 -0.0161 662.8261 39.0993 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     32
     103
     32
     724a19bf-dbba-4a03-8abf-119e450061eb
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 731.72, 245.75 Width 0.93 Height 0.00 points
     Mask co-ordinates: Horizontal, vertical offset 36.31, 696.32 Width 212.25 Height 100.54 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094845
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     731.7153 245.7509 0.931 0 36.3065 696.3237 212.2533 100.541 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     32
     103
     32
     4d2697d5-dadd-4e76-9b43-7dab30b8507d
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 34 to page 34
     Mask co-ordinates: Left bottom (-43.75 -0.02) Right top (557.63 62.36) points
     Colour: Default (white)
      

        
     D:20220622094852
      

        
     1
     0
     -43.754 -0.0161 557.6304 62.3566 
            
                
         34
         SubDoc
         34
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     33
     103
     33
     104bb5e1-4530-4138-94e4-8d1cafeb8bbd
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 34 to page 34
     Mask co-ordinates: Left bottom (539.94 -0.02) Right top (640.48 810.83) points
     Colour: Default (white)
      

        
     D:20220622094852
      

        
     1
     0
     539.9426 -0.0161 640.4836 810.8288 
            
                
         34
         SubDoc
         34
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     33
     103
     33
     e6218a1b-7a29-4b8a-bea0-c7ef34e154e0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 34 to page 34
     Mask co-ordinates: Left bottom (-78.20 799.66) Right top (593.01 822.00) points
     Colour: Default (white)
      

        
     D:20220622094852
      

        
     1
     0
     -78.1986 799.6575 593.006 822 
            
                
         34
         SubDoc
         34
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     33
     103
     33
     de34c1b3-a95b-4052-a3f0-9a31f71a3c4d
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 33 to page 33
     Mask co-ordinates: Left bottom (660.03 255.06) Right top (660.96 255.06) points
     Colour: Default (white)
      

        
     D:20220622094852
      

        
     1
     0
     660.0333 255.0602 660.9642 255.0602 
            
                
         33
         SubDoc
         33
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     33
     103
     32
     a599b591-0b38-4004-9271-33a48f11bc0f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -57.72, 813.62 Width 648.86 Height 8.38 points
     Mask co-ordinates: Horizontal, vertical offset 551.11, -0.02 Width 134.05 Height 816.43 points
     Mask co-ordinates: Horizontal, vertical offset -29.79, -0.02 Width 592.08 Height 27.00 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094900
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -57.718 813.6216 648.8621 8.3784 551.1138 -0.0161 134.0547 816.4305 -29.7899 -0.0161 592.075 26.9971 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     34
     103
     34
     882da8a0-e41b-4d6c-a43d-c78b4b3f1085
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -137.78, 800.59 Width 721.48 Height 21.41 points
     Mask co-ordinates: Horizontal, vertical offset 546.46, -0.02 Width 121.02 Height 806.19 points
     Mask co-ordinates: Horizontal, vertical offset -107.06, -0.02 Width 666.55 Height 97.75 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094907
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -137.7785 800.5885 721.4751 21.4115 546.4592 -0.0161 121.0216 806.1902 -107.0576 -0.0161 666.5498 97.7482 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     35
     103
     35
     504b2a1a-cde0-48da-b812-67ce3021ca3c
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 37 to page 37
     Mask co-ordinates: Left bottom (-215.05 -0.02) Right top (580.90 33.50) points
     Colour: Default (white)
      

        
     D:20220622094914
      

        
     1
     0
     -215.0461 -0.0161 580.9038 33.4976 
            
                
         37
         SubDoc
         37
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     36
     103
     36
     15040b33-a04a-4085-8a88-b2bdcdc9823b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 37 to page 37
     Mask co-ordinates: Left bottom (551.11 -0.02) Right top (670.27 806.17) points
     Colour: Default (white)
      

        
     D:20220622094914
      

        
     1
     0
     551.1138 -0.0161 670.2736 806.1741 
            
                
         37
         SubDoc
         37
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     36
     103
     36
     cdf7fcfc-3248-4574-b594-1c8afee572c8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 37 to page 37
     Mask co-ordinates: Left bottom (-87.51 806.17) Right top (581.83 822.00) points
     Colour: Default (white)
      

        
     D:20220622094914
      

        
     1
     0
     -87.5079 806.1741 581.8347 822 
            
                
         37
         SubDoc
         37
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     36
     103
     36
     372cf7a4-1b3b-4be1-83c1-b49902a49a8e
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 36 to page 36
     Mask co-ordinates: Left bottom (665.62 323.02) Right top (666.55 323.02) points
     Colour: Default (white)
      

        
     D:20220622094914
      

        
     1
     0
     665.6189 323.0185 666.5499 323.0185 
            
                
         36
         SubDoc
         36
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     36
     103
     35
     2cd4076a-4c22-404d-a8cc-524814cb02a0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -144.29, 801.52 Width 730.78 Height 20.48 points
     Mask co-ordinates: Horizontal, vertical offset 541.80, -0.02 Width 191.77 Height 808.98 points
     Mask co-ordinates: Horizontal, vertical offset -92.16, -0.02 Width 670.27 Height 64.23 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094920
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -144.295 801.5194 730.7844 20.4806 541.8045 -0.0161 191.7727 808.983 -92.1626 -0.0161 670.2736 64.2346 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     37
     103
     37
     d2fa0f35-70fb-4a7b-b9cf-8bc0eff702d9
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 39 to page 39
     Mask co-ordinates: Left bottom (-160.12 -0.02) Right top (575.32 29.77) points
     Colour: Default (white)
      

        
     D:20220622094927
      

        
     1
     0
     -160.1209 -0.0161 575.3182 29.7739 
            
                
         39
         SubDoc
         39
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     38
     103
     38
     92ed0e6d-a1fd-41f3-b736-7efde7a07189
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 39 to page 39
     Mask co-ordinates: Left bottom (549.25 -0.02) Right top (603.25 815.48) points
     Colour: Default (white)
      

        
     D:20220622094927
      

        
     1
     0
     549.252 -0.0161 603.2462 815.4835 
            
                
         39
         SubDoc
         39
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     38
     103
     38
     34b7d163-8942-4685-8cc4-cab171839fac
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 39 to page 39
     Mask co-ordinates: Left bottom (-222.49 810.83) Right top (576.25 822.00) points
     Colour: Default (white)
      

        
     D:20220622094927
      

        
     1
     0
     -222.4936 810.8288 576.2491 822 
            
                
         39
         SubDoc
         39
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     38
     103
     38
     0a30b157-c310-45ad-a368-5f8a67bde57d
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 38 to page 38
     Mask co-ordinates: Left bottom (763.37 250.41) Right top (764.30 250.41) points
     Colour: Default (white)
      

        
     D:20220622094927
      

        
     1
     0
     763.3672 250.4056 764.2981 250.4056 
            
                
         38
         SubDoc
         38
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     38
     103
     37
     c0283cac-a348-4a1b-b31c-706f9dc7815a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -149.88, 801.52 Width 731.72 Height 20.48 points
     Mask co-ordinates: Horizontal, vertical offset 533.43, -0.02 Width 94.96 Height 804.33 points
     Mask co-ordinates: Horizontal, vertical offset -202.01, -0.02 Width 761.51 Height 42.82 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094933
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -149.8806 801.5194 731.7154 20.4806 533.4261 -0.0161 94.9554 804.3283 -202.013 -0.0161 761.5053 42.8231 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     39
     103
     39
     c299f7e6-6141-4d9a-9477-4473ad215903
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -46.55, 805.24 Width 631.17 Height 16.76 points
     Mask co-ordinates: Horizontal, vertical offset 548.32, -0.02 Width 94.02 Height 802.47 points
     Mask co-ordinates: Horizontal, vertical offset -231.80, -0.02 Width 782.92 Height 35.38 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094939
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -46.5468 805.2432 631.1743 16.7568 548.321 -0.0161 94.0245 802.4665 -231.8029 -0.0161 782.9168 35.3755 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     40
     103
     40
     86d56c2f-1172-4bde-8dc6-79d70aa7e2d1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -137.78, 811.76 Width 727.99 Height 10.24 points
     Mask co-ordinates: Horizontal, vertical offset 536.22, -0.02 Width 119.16 Height 813.64 points
     Mask co-ordinates: Horizontal, vertical offset -174.09, -0.02 Width 749.40 Height 33.51 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094945
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -137.7785 811.7597 727.9916 10.2403 536.2189 -0.0161 119.1598 813.6377 -174.085 -0.0161 749.4031 33.5137 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     41
     103
     41
     20812c98-ccb3-4d6d-ba95-208c47e69421
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -88.44, 790.35 Width 710.30 Height 31.65 points
     Mask co-ordinates: Horizontal, vertical offset 539.94, -0.02 Width 140.57 Height 795.95 points
     Mask co-ordinates: Horizontal, vertical offset -135.92, -0.02 Width 694.48 Height 27.00 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622094951
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -88.4389 790.3482 710.3038 31.6518 539.9426 -0.0161 140.5713 795.9499 -135.9166 -0.0161 694.4779 26.9971 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     42
     103
     42
     e5fdf4dd-ee2f-453e-8dec-3bf7d90a560a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -65.17, 793.14 Width 648.86 Height 28.86 points
     Mask co-ordinates: Horizontal, vertical offset -29.79, 763.35 Width 146.16 Height 37.24 points
     Mask co-ordinates: Horizontal, vertical offset 8.38, 762.42 Width 58.65 Height 0.93 points
     Mask co-ordinates: Horizontal, vertical offset 41.89, 754.04 Width 29.79 Height 12.10 points
     Mask co-ordinates: Horizontal, vertical offset 538.08, -0.02 Width 172.22 Height 785.71 points
     Mask co-ordinates: Horizontal, vertical offset -268.11, -0.02 Width 800.60 Height 21.41 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095000
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -65.1655 793.141 648.8621 28.859 -29.7899 763.3511 146.1569 37.2374 8.3784 762.4201 58.6489 0.931 41.8921 754.0417 29.7899 12.1022 538.0807 -0.0161 172.2231 785.7096 -268.1094 -0.0161 800.6046 21.4116 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     43
     103
     43
     4d9f722e-83a0-41fb-9319-07e151e0b0e5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 510.15, -0.02 Width 48.41 Height 17.69 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095003
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     510.1527 -0.0161 48.4087 17.6878 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     43
     103
     43
     e07c9587-41a9-4eed-adbd-9f97843c5110
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -108.92, 793.14 Width 723.34 Height 28.86 points
     Mask co-ordinates: Horizontal, vertical offset 548.32, -0.02 Width 105.20 Height 795.02 points
     Mask co-ordinates: Horizontal, vertical offset -80.99, -0.02 Width 645.14 Height 47.48 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095010
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -108.9195 793.141 723.3369 28.859 548.321 -0.0161 105.1957 795.019 -80.9914 -0.0161 645.1384 47.4777 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     44
     103
     44
     88f5c46c-fbba-48f3-928a-7953d7407df1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -107.99, 794.07 Width 696.34 Height 27.93 points
     Mask co-ordinates: Horizontal, vertical offset 530.63, -0.02 Width 188.05 Height 795.02 points
     Mask co-ordinates: Horizontal, vertical offset -60.51, -0.02 Width 632.11 Height 74.47 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095017
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -107.9885 794.072 696.3398 27.928 530.6332 -0.0161 188.049 795.019 -60.5108 -0.0161 632.1052 74.4749 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     45
     103
     45
     98fb385a-dcbb-4d74-b5f4-6fade8dbd2a1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -156.40, 802.45 Width 731.72 Height 19.55 points
     Mask co-ordinates: Horizontal, vertical offset 539.94, -0.02 Width 72.61 Height 806.19 points
     Mask co-ordinates: Horizontal, vertical offset -169.43, -0.02 Width 727.06 Height 30.72 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095024
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -156.3972 802.4504 731.7154 19.5496 539.9426 -0.0161 72.613 806.1902 -169.4303 -0.0161 727.0606 30.7209 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     46
     103
     46
     dff56f38-88d3-4fc4-8394-0b33179b6b44
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -148.95, 795.00 Width 753.13 Height 27.00 points
     Mask co-ordinates: Horizontal, vertical offset 529.70, -0.02 Width 76.34 Height 797.81 points
     Mask co-ordinates: Horizontal, vertical offset 490.60, -0.02 Width 75.41 Height 67.03 points
     Mask co-ordinates: Horizontal, vertical offset -240.18, -0.02 Width 739.16 Height 29.79 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095033
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -148.9497 795.0029 753.1269 26.9971 529.7023 -0.0161 76.3367 797.8118 490.603 -0.0161 75.4058 67.0273 -240.1814 -0.0161 739.1629 29.79 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     47
     103
     47
     099c3c60-dab2-44d6-b9dd-57212181e572
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 49 to page 49
     Mask co-ordinates: Left bottom (-66.10 -0.02) Right top (567.87 32.57) points
     Colour: Default (white)
      

        
     D:20220622095040
      

        
     1
     0
     -66.0964 -0.0161 567.8707 32.5667 
            
                
         49
         SubDoc
         49
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     48
     103
     48
     b8085c5c-6749-4750-bd86-e1003c3b536c
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 49 to page 49
     Mask co-ordinates: Left bottom (550.18 -0.02) Right top (590.21 800.59) points
     Colour: Default (white)
      

        
     D:20220622095040
      

        
     1
     0
     550.1829 -0.0161 590.2131 800.5885 
            
                
         49
         SubDoc
         49
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     48
     103
     48
     89c7a672-bdbd-404f-a36c-86c25fb3b411
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 49 to page 49
     Mask co-ordinates: Left bottom (-84.72 800.59) Right top (606.97 822.00) points
     Colour: Default (white)
      

        
     D:20220622095040
      

        
     1
     0
     -84.7151 800.5885 606.97 822 
            
                
         49
         SubDoc
         49
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     48
     103
     48
     493dec5d-862f-4c5b-8724-8c198c297e9c
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 48 to page 48
     Mask co-ordinates: Left bottom (666.55 309.99) Right top (667.48 309.99) points
     Colour: Default (white)
      

        
     D:20220622095040
      

        
     1
     0
     666.5499 309.9854 667.4808 309.9854 
            
                
         48
         SubDoc
         48
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     48
     103
     47
     2ce9a866-82c0-4333-86d7-cb6c29816419
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -41.89, 795.93 Width 631.17 Height 26.07 points
     Mask co-ordinates: Horizontal, vertical offset 522.25, -0.02 Width 120.09 Height 796.88 points
     Mask co-ordinates: Horizontal, vertical offset -78.20, -0.02 Width 633.97 Height 70.75 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095045
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -41.8921 795.9338 631.1743 26.0662 522.2548 -0.0161 120.0907 796.8809 -78.1986 -0.0161 633.9671 70.7511 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     49
     103
     49
     f7548c99-4818-4443-b1a6-e2248835052d
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 1041.21, 718.92 Width 164.00 Height 123.00 points
     Mask co-ordinates: Horizontal, vertical offset 31.47, 819.04 Width 1019.28 Height 22.88 points
     Mask co-ordinates: Horizontal, vertical offset -55.30, -0.01 Width 217.40 Height 823.81 points
     Mask co-ordinates: Horizontal, vertical offset 83.91, -0.01 Width 93.44 Height 348.02 points
     Mask co-ordinates: Horizontal, vertical offset 155.42, 116.32 Width 1.91 Height 23.84 points
     Mask co-ordinates: Horizontal, vertical offset 158.28, -0.01 Width 138.26 Height 129.67 points
     Mask co-ordinates: Horizontal, vertical offset 283.19, -0.01 Width 959.21 Height 107.74 points
     Mask co-ordinates: Horizontal, vertical offset 1175.65, 59.11 Width 33.37 Height 671.25 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095132
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     1041.2074 718.9202 163.9998 122.9998 31.4651 819.0363 1019.2773 22.8837 -55.3022 -0.0087 217.395 823.8124 83.9068 -0.0087 93.4417 348.0226 155.4183 116.3166 1.907 23.8372 158.2788 -0.0087 138.2556 129.6741 283.1855 -0.0087 959.2076 107.744 1175.649 59.1074 33.3721 671.2546 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     50
     103
     50
     d95b9802-2310-4ec3-810d-bbd931d6cc48
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move left by 42.52 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220622095145
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1188
     316
     Fixed
     Left
     42.5197
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     28.3465
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     50
     103
     50
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -42.82, 792.21 Width 654.45 Height 29.79 points
     Mask co-ordinates: Horizontal, vertical offset 537.15, -0.02 Width 198.29 Height 800.60 points
     Mask co-ordinates: Horizontal, vertical offset -168.50, -0.02 Width 751.26 Height 31.65 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095159
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -42.823 792.2101 654.4477 29.7899 537.1498 -0.0161 198.2892 800.6046 -168.4994 -0.0161 751.265 31.6518 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     52
     103
     52
     e3ea8b8c-f4e5-4dfe-a91b-6a3600a41ee7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -229.01, 805.24 Width 811.78 Height 16.76 points
     Mask co-ordinates: Horizontal, vertical offset 544.60, -0.02 Width 171.29 Height 809.91 points
     Mask co-ordinates: Horizontal, vertical offset -74.47, -0.02 Width 645.14 Height 105.20 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095207
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -229.0102 805.2432 811.7758 16.7568 544.5973 -0.0161 171.2922 809.9139 -74.4749 -0.0161 645.1384 105.1957 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     53
     103
     53
     da12e2da-3232-4af7-87b2-ee0d32ae3a07
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -56.79, 813.62 Width 662.83 Height 8.38 points
     Mask co-ordinates: Horizontal, vertical offset 549.25, -0.02 Width 190.84 Height 815.50 points
     Mask co-ordinates: Horizontal, vertical offset -70.75, -0.02 Width 639.55 Height 40.96 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095223
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -56.7871 813.6216 662.8261 8.3784 549.252 -0.0161 190.8418 815.4996 -70.7511 -0.0161 639.5527 40.9612 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     54
     103
     54
     f899f6e7-ae48-4293-b02d-d9afbf97416a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -41.89, 796.86 Width 617.21 Height 25.14 points
     Mask co-ordinates: Horizontal, vertical offset 526.91, -0.02 Width 214.12 Height 795.95 points
     Mask co-ordinates: Horizontal, vertical offset 502.71, 86.56 Width 55.86 Height 344.45 points
     Mask co-ordinates: Horizontal, vertical offset 472.92, 603.23 Width 9.31 Height 15.83 points
     Mask co-ordinates: Horizontal, vertical offset -152.67, 3.71 Width 714.03 Height 98.68 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095234
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -41.8921 796.8647 617.2103 25.1353 526.9095 -0.0161 214.1152 795.9499 502.7052 86.5609 55.8561 344.4461 472.9153 603.2302 9.3094 15.8259 -152.6734 3.7076 714.0276 98.6792 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     55
     103
     55
     1589dece-75b6-4276-ad66-71825dd03a89
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 57 to page 57
     Mask co-ordinates: Left bottom (-114.51 -0.02) Right top (567.87 36.29) points
     Colour: Default (white)
      

        
     D:20220622095241
      

        
     1
     0
     -114.5051 -0.0161 567.8707 36.2904 
            
                
         57
         SubDoc
         57
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     56
     103
     56
     63a42268-8ca5-469a-a1d8-b1da31565e4b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 57 to page 57
     Mask co-ordinates: Left bottom (540.87 -0.02) Right top (687.03 803.38) points
     Colour: Default (white)
      

        
     D:20220622095241
      

        
     1
     0
     540.8735 -0.0161 687.0305 803.3813 
            
                
         57
         SubDoc
         57
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     56
     103
     56
     c666ca3f-2028-4564-857c-6a5246d0d2b1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 57 to page 57
     Mask co-ordinates: Left bottom (-206.67 800.59) Right top (619.07 822.00) points
     Colour: Default (white)
      

        
     D:20220622095241
      

        
     1
     0
     -206.6677 800.5885 619.0721 822 
            
                
         57
         SubDoc
         57
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     56
     103
     56
     4669c5c4-db74-4a04-8476-04b78a8409f6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 56 to page 56
     Mask co-ordinates: Left bottom (650.72 271.82) Right top (651.65 271.82) points
     Colour: Default (white)
      

        
     D:20220622095241
      

        
     1
     0
     650.7239 271.8171 651.6549 271.8171 
            
                
         56
         SubDoc
         56
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     56
     103
     55
     cdf5d553-df23-484c-a604-adbd949676ba
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -40.03, 793.14 Width 628.38 Height 28.86 points
     Mask co-ordinates: Horizontal, vertical offset 521.32, -0.02 Width 179.67 Height 797.81 points
     Mask co-ordinates: Horizontal, vertical offset -40.96, -0.02 Width 589.28 Height 40.96 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095248
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -40.0302 793.141 628.3815 28.859 521.3239 -0.0161 179.6706 797.8118 -40.9612 -0.0161 589.2822 40.9612 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     57
     103
     57
     1c7f62a3-fefa-4b28-98bc-e3fba3c0ea1b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 59 to page 59
     Mask co-ordinates: Left bottom (-49.34 -0.02) Right top (543.67 40.01) points
     Colour: Default (white)
      

        
     D:20220622095255
      

        
     1
     0
     -49.3396 -0.0161 543.6664 40.0141 
            
                
         59
         SubDoc
         59
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     58
     103
     58
     2f7264ae-d7eb-4d5e-a9ea-cd5539bfb3a7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 59 to page 59
     Mask co-ordinates: Left bottom (539.01 -0.02) Right top (634.90 790.35) points
     Colour: Default (white)
      

        
     D:20220622095255
      

        
     1
     0
     539.0117 -0.0161 634.8981 790.3482 
            
                
         59
         SubDoc
         59
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     58
     103
     58
     5638b3c2-ee0a-40fb-821c-49aaf5f48b91
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 59 to page 59
     Mask co-ordinates: Left bottom (13.03 795.93) Right top (588.35 822.00) points
     Colour: Default (white)
      

        
     D:20220622095255
      

        
     1
     0
     13.0331 795.9338 588.3513 822 
            
                
         59
         SubDoc
         59
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     58
     103
     58
     040654f7-1ca5-405a-a025-3e782b243238
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 58 to page 58
     Mask co-ordinates: Left bottom (629.31 336.05) Right top (633.04 336.05) points
     Colour: Default (white)
      

        
     D:20220622095255
      

        
     1
     0
     629.3124 336.0516 633.0362 336.0516 
            
                
         58
         SubDoc
         58
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     58
     103
     57
     8bcd7994-4976-42a6-af1f-53291eaf5237
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 60 to page 60
     Mask co-ordinates: Left bottom (541.80 -0.02) Right top (615.35 803.38) points
     Colour: Default (white)
      

        
     D:20220622095309
      

        
     1
     0
     541.8045 -0.0161 615.3484 803.3813 
            
                
         60
         SubDoc
         60
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     59
     103
     59
     f55fe9a0-4e53-43ed-8c04-caef456f7596
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 60 to page 60
     Mask co-ordinates: Left bottom (-8.38 -0.02) Right top (647.93 20.46) points
     Colour: Default (white)
      

        
     D:20220622095309
      

        
     1
     0
     -8.3784 -0.0161 647.9312 20.4645 
            
                
         60
         SubDoc
         60
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     59
     103
     59
     6b0db7a3-fdd8-4fbd-a052-3800e191a3ad
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 60 to page 60
     Mask co-ordinates: Left bottom (5.59 757.77) Right top (166.64 809.90) points
     Colour: Default (white)
      

        
     D:20220622095309
      

        
     1
     0
     5.5856 757.7654 166.6375 809.8978 
            
                
         60
         SubDoc
         60
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     59
     103
     59
     61dda6fe-9e8a-4751-ba0e-33deac3e6438
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 60 to page 60
     Mask co-ordinates: Left bottom (-13.03 808.04) Right top (386.34 822.00) points
     Colour: Default (white)
      

        
     D:20220622095309
      

        
     1
     0
     -13.0331 808.0359 386.3383 822 
            
                
         60
         SubDoc
         60
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     59
     103
     59
     e5267276-a237-4d31-aa95-b66a79733e40
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 60 to page 60
     Mask co-ordinates: Left bottom (4.65 820.14) Right top (431.02 822.00) points
     Colour: Default (white)
      

        
     D:20220622095309
      

        
     1
     0
     4.6547 820.1381 431.0232 822 
            
                
         60
         SubDoc
         60
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     59
     103
     59
     2d1b072d-597e-4c4b-ac62-7234282abaa6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 60 to page 60
     Mask co-ordinates: Left bottom (458.02 806.17) Right top (582.77 822.00) points
     Colour: Default (white)
      

        
     D:20220622095309
      

        
     1
     0
     458.0203 806.1741 582.7657 822 
            
                
         60
         SubDoc
         60
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     59
     103
     59
     0c49d912-4a13-48d5-8a03-707378c20906
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 59 to page 59
     Mask co-ordinates: Left bottom (798.74 114.49) Right top (798.74 115.42) points
     Colour: Default (white)
      

        
     D:20220622095309
      

        
     1
     0
     798.7427 114.489 798.7427 115.4199 
            
                
         59
         SubDoc
         59
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     59
     103
     58
     94fef6d7-8b24-4ee2-ae2b-57f8a4977ddd
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -84.72, 801.52 Width 673.07 Height 20.48 points
     Mask co-ordinates: Horizontal, vertical offset 539.01, -0.02 Width 121.02 Height 808.05 points
     Mask co-ordinates: Horizontal, vertical offset -42.82, -0.02 Width 607.90 Height 24.20 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095318
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -84.7151 801.5194 673.0664 20.4806 539.0117 -0.0161 121.0216 808.0521 -42.823 -0.0161 607.9009 24.2043 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     60
     103
     60
     6bc7e45c-54cd-4fe8-a3a8-d9c36dae17f1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -171.29, 785.69 Width 770.81 Height 36.31 points
     Mask co-ordinates: Horizontal, vertical offset 544.60, -0.02 Width 121.02 Height 795.95 points
     Mask co-ordinates: Horizontal, vertical offset -38.17, -0.02 Width 622.80 Height 30.72 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095325
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -171.2921 785.6935 770.8147 36.3065 544.5973 -0.0161 121.0216 795.9499 -38.1684 -0.0161 622.7959 30.7209 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     61
     103
     61
     c0e545e8-298f-48dc-b0c1-6a280c8f4f94
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -104.26, 799.66 Width 718.68 Height 22.34 points
     Mask co-ordinates: Horizontal, vertical offset 543.67, -0.02 Width 129.40 Height 803.40 points
     Mask co-ordinates: Horizontal, vertical offset -187.12, -0.02 Width 759.64 Height 24.20 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095331
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -104.2648 799.6575 718.6823 22.3425 543.6664 -0.0161 129.4 803.3974 -187.118 -0.0161 759.6434 24.2043 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     62
     103
     62
     57155450-7039-4090-83db-2c84ae82d69e
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -102.40, 795.00 Width 704.72 Height 27.00 points
     Mask co-ordinates: Horizontal, vertical offset 520.39, -0.02 Width 178.74 Height 802.47 points
     Mask co-ordinates: Horizontal, vertical offset -63.30, -0.02 Width 641.41 Height 56.79 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095338
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -102.4029 795.0029 704.7182 26.9971 520.393 -0.0161 178.7396 802.4665 -63.3036 -0.0161 641.4146 56.7871 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     63
     103
     63
     0c37f210-8811-4876-8de3-43c0f7247f7a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 65 to page 65
     Mask co-ordinates: Left bottom (-21.41 -0.02) Right top (580.90 35.36) points
     Colour: Default (white)
      

        
     D:20220622095346
      

        
     1
     0
     -21.4115 -0.0161 580.9038 35.3594 
            
                
         65
         SubDoc
         65
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     64
     103
     64
     e3e5f969-a7bf-44c3-9867-b70975304a4a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 65 to page 65
     Mask co-ordinates: Left bottom (552.04 -0.02) Right top (638.62 808.97) points
     Colour: Default (white)
      

        
     D:20220622095346
      

        
     1
     0
     552.0448 -0.0161 638.6218 808.9669 
            
                
         65
         SubDoc
         65
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     64
     103
     64
     aead04e9-de35-475d-b726-23d39fe3d3ca
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 65 to page 65
     Mask co-ordinates: Left bottom (-117.30 808.97) Right top (599.52 822.00) points
     Colour: Default (white)
      

        
     D:20220622095346
      

        
     1
     0
     -117.2979 808.9669 599.5225 822 
            
                
         65
         SubDoc
         65
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     64
     103
     64
     57fa5566-fad3-4734-b2a6-141dd7ee7aae
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 64 to page 64
     Mask co-ordinates: Left bottom (679.58 273.68) Right top (679.58 274.61) points
     Colour: Default (white)
      

        
     D:20220622095346
      

        
     1
     0
     679.5829 273.679 679.5829 274.6099 
            
                
         64
         SubDoc
         64
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     64
     103
     63
     a6360d0f-74b6-4515-9131-97cfe8db8ae8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -62.37, 803.38 Width 655.38 Height 18.62 points
     Mask co-ordinates: Horizontal, vertical offset 537.15, -0.02 Width 80.06 Height 802.47 points
     Mask co-ordinates: Horizontal, vertical offset -233.66, -0.02 Width 795.02 Height 31.65 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095352
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -62.3727 803.3813 655.3787 18.6187 537.1498 -0.0161 80.0604 802.4665 -233.6648 -0.0161 795.019 31.6518 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     65
     103
     65
     7365119b-324c-482d-8c11-7b1ca5994f8d
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -57.72, 805.24 Width 639.55 Height 16.76 points
     Mask co-ordinates: Horizontal, vertical offset 547.39, -0.02 Width 122.88 Height 792.23 points
     Mask co-ordinates: Horizontal, vertical offset -44.68, -0.02 Width 629.31 Height 38.17 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095359
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -57.718 805.2432 639.5527 16.7568 547.3901 -0.0161 122.8835 792.2262 -44.6849 -0.0161 629.3124 38.1684 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     66
     103
     66
     cbd70cdc-ca3f-48b8-84cf-811e2f907513
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 68 to page 68
     Mask co-ordinates: Left bottom (-256.01 -0.02) Right top (590.21 47.46) points
     Colour: Default (white)
      

        
     D:20220622095406
      

        
     1
     0
     -256.0073 -0.0161 590.2131 47.4616 
            
                
         68
         SubDoc
         68
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     67
     103
     67
     ada2205c-3c6b-4322-8998-dffd75c66b5c
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 68 to page 68
     Mask co-ordinates: Left bottom (523.19 -0.02) Right top (712.17 808.04) points
     Colour: Default (white)
      

        
     D:20220622095406
      

        
     1
     0
     523.1858 -0.0161 712.1657 808.0359 
            
                
         68
         SubDoc
         68
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     67
     103
     67
     f6d23213-b433-41b8-a996-25b82f1d322f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 68 to page 68
     Mask co-ordinates: Left bottom (-46.55 802.45) Right top (581.83 822.00) points
     Colour: Default (white)
      

        
     D:20220622095406
      

        
     1
     0
     -46.5468 802.4504 581.8347 822 
            
                
         68
         SubDoc
         68
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     67
     103
     67
     d4640e6d-455e-40a8-aeba-7d7f00798f6a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 67 to page 67
     Mask co-ordinates: Left bottom (836.91 264.37) Right top (840.63 265.30) points
     Colour: Default (white)
      

        
     D:20220622095406
      

        
     1
     0
     836.9111 264.3696 840.6348 265.3005 
            
                
         67
         SubDoc
         67
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     67
     103
     66
     48cc8335-ea57-40df-bb7c-ae2c72e136bc
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 69 to page 69
     Mask co-ordinates: Left bottom (-162.91 148.93) Right top (7.45 744.73) points
     Colour: Default (white)
      

        
     D:20220622095418
      

        
     1
     0
     -162.9137 148.9336 7.4475 744.7324 
            
                
         69
         SubDoc
         69
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     68
     103
     68
     d8c58e76-b4e0-482b-a027-89715e34d8ae
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 69 to page 69
     Mask co-ordinates: Left bottom (-53.99 39.08) Right top (15.83 128.45) points
     Colour: Default (white)
      

        
     D:20220622095418
      

        
     1
     0
     -53.9943 39.0832 15.8259 128.453 
            
                
         69
         SubDoc
         69
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     68
     103
     68
     14375d15-f74c-4d07-9ab5-7b237ed81577
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 69 to page 69
     Mask co-ordinates: Left bottom (-40.96 -0.02) Right top (562.29 32.57) points
     Colour: Default (white)
      

        
     D:20220622095418
      

        
     1
     0
     -40.9612 -0.0161 562.2851 32.5667 
            
                
         69
         SubDoc
         69
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     68
     103
     68
     4e0aa214-e995-4497-a9ef-2c2517f9b8bb
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 69 to page 69
     Mask co-ordinates: Left bottom (549.25 -0.02) Right top (694.48 803.38) points
     Colour: Default (white)
      

        
     D:20220622095418
      

        
     1
     0
     549.252 -0.0161 694.4779 803.3813 
            
                
         69
         SubDoc
         69
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     68
     103
     68
     d40c5c73-8e0b-4128-9b30-0206c6c7659e
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 69 to page 69
     Mask co-ordinates: Left bottom (315.59 739.15) Right top (391.92 760.56) points
     Colour: Default (white)
      

        
     D:20220622095418
      

        
     1
     0
     315.5872 739.1467 391.9239 760.5582 
            
                
         69
         SubDoc
         69
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     68
     103
     68
     84b65f2e-df6c-4007-ab8d-3c2d2231a3b2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 69 to page 69
     Mask co-ordinates: Left bottom (-85.65 732.63) Right top (158.26 806.17) points
     Colour: Default (white)
      

        
     D:20220622095418
      

        
     1
     0
     -85.6461 732.6302 158.2591 806.1741 
            
                
         69
         SubDoc
         69
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     68
     103
     68
     fe394afc-5bd2-4cab-a0b4-a4f66be98f3f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 69 to page 69
     Mask co-ordinates: Left bottom (-46.55 801.52) Right top (609.76 822.00) points
     Colour: Default (white)
      

        
     D:20220622095418
      

        
     1
     0
     -46.5468 801.5194 609.7628 822 
            
                
         69
         SubDoc
         69
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     68
     103
     68
     92de596e-07e4-40e7-827c-0c530eed466f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 68 to page 68
     Mask co-ordinates: Left bottom (664.69 310.92) Right top (665.62 310.92) points
     Colour: Default (white)
      

        
     D:20220622095418
      

        
     1
     0
     664.688 310.9164 665.6189 310.9164 
            
                
         68
         SubDoc
         68
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     68
     103
     67
     bca11252-0ad6-478e-97ad-7d61ecb7c10a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -94.02, 791.28 Width 670.27 Height 30.72 points
     Mask co-ordinates: Horizontal, vertical offset -61.44, -0.02 Width 714.96 Height 88.44 points
     Mask co-ordinates: Horizontal, vertical offset 558.56, -0.02 Width 83.78 Height 734.51 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095427
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -94.0245 791.2791 670.2736 30.7209 -61.4417 -0.0161 714.9585 88.4389 558.5613 -0.0161 83.7842 734.5082 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     69
     103
     69
     3592b011-4003-4909-8344-a0af376306f7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 71 to page 71
     Mask co-ordinates: Left bottom (550.18 10.22) Right top (663.76 804.31) points
     Colour: Default (white)
      

        
     D:20220622095437
      

        
     1
     0
     550.1829 10.2242 663.7571 804.3122 
            
                
         71
         SubDoc
         71
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     70
     103
     70
     37b2b693-cdb2-4f37-a60b-3e3ac91cb8ce
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 71 to page 71
     Mask co-ordinates: Left bottom (6.52 -0.02) Right top (696.34 30.70) points
     Colour: Default (white)
      

        
     D:20220622095437
      

        
     1
     0
     6.5166 -0.0161 696.3398 30.7048 
            
                
         71
         SubDoc
         71
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     70
     103
     70
     12b52124-f1d8-4bf3-b89c-c98d2782531b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 71 to page 71
     Mask co-ordinates: Left bottom (-83.78 -0.02) Right top (42.82 770.80) points
     Colour: Default (white)
      

        
     D:20220622095437
      

        
     1
     0
     -83.7842 -0.0161 42.823 770.7985 
            
                
         71
         SubDoc
         71
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     70
     103
     70
     4b3d4147-e437-4f51-ab4a-483e2d5740f3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 71 to page 71
     Mask co-ordinates: Left bottom (-53.99 759.63) Right top (180.60 804.31) points
     Colour: Default (white)
      

        
     D:20220622095437
      

        
     1
     0
     -53.9943 759.6273 180.6015 804.3122 
            
                
         71
         SubDoc
         71
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     70
     103
     70
     be708064-62bc-45b7-84e1-5b4963477111
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 71 to page 71
     Mask co-ordinates: Left bottom (-72.61 797.80) Right top (577.18 822.00) points
     Colour: Default (white)
      

        
     D:20220622095437
      

        
     1
     0
     -72.613 797.7957 577.1801 822 
            
                
         71
         SubDoc
         71
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     70
     103
     70
     c426a592-b404-484b-8137-87101adc66c4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 70 to page 70
     Mask co-ordinates: Left bottom (677.30 261.58) Right top (678.23 261.58) points
     Colour: Default (white)
      

        
     D:20220622095437
      

        
     1
     0
     677.3027 261.5768 678.2336 261.5768 
            
                
         70
         SubDoc
         70
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     70
     103
     69
     0cb95629-4500-4373-8181-8bde185d062b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -43.75, 803.38 Width 635.83 Height 18.62 points
     Mask co-ordinates: Horizontal, vertical offset 547.39, -0.02 Width 109.85 Height 811.78 points
     Mask co-ordinates: Horizontal, vertical offset 524.12, -0.02 Width 54.93 Height 229.01 points
     Mask co-ordinates: Horizontal, vertical offset -130.33, -0.02 Width 671.20 Height 35.38 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095445
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -43.754 803.3813 635.829 18.6187 547.3901 -0.0161 109.8503 811.7758 524.1167 -0.0161 54.9252 229.0101 -130.331 -0.0161 671.2045 35.3755 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     71
     103
     71
     2fe14c03-c4d0-4a10-aab8-2ae9d451de1b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 492.46, 336.05 Width 92.16 Height 38.17 points
     Mask co-ordinates: Horizontal, vertical offset 490.60, 335.12 Width 16.76 Height 25.14 points
     Mask co-ordinates: Horizontal, vertical offset 372.37, 287.64 Width 24.20 Height 22.34 points
     Mask co-ordinates: Horizontal, vertical offset 392.85, 299.75 Width 19.55 Height 13.96 points
     Mask co-ordinates: Horizontal, vertical offset 417.99, 313.71 Width 20.48 Height 7.45 points
     Mask co-ordinates: Horizontal, vertical offset 427.30, 316.50 Width 13.96 Height 13.96 points
     Mask co-ordinates: Horizontal, vertical offset 438.47, 321.16 Width 8.38 Height 13.96 points
     Mask co-ordinates: Horizontal, vertical offset 444.99, 325.81 Width 5.59 Height 11.17 points
     Mask co-ordinates: Horizontal, vertical offset 460.81, 333.26 Width 18.62 Height 8.38 points
     Mask co-ordinates: Horizontal, vertical offset 466.40, 338.84 Width 15.83 Height 12.10 points
     Mask co-ordinates: Horizontal, vertical offset 479.43, 341.64 Width 5.59 Height 12.10 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095510
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     492.4649 336.0516 92.1626 38.1684 490.603 335.1207 16.7569 25.1353 372.3742 287.643 24.2043 22.3424 392.8548 299.7452 19.5497 13.964 417.9901 313.7092 20.4806 7.4475 427.2994 316.502 13.9641 13.9641 438.4706 321.1567 8.3784 13.964 444.9872 325.8113 5.5856 11.1712 460.8131 333.2588 18.6187 8.3784 466.3987 338.8445 15.8259 12.1021 479.4318 341.6372 5.5856 12.1022 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     71
     103
     71
     2352d421-f3df-447d-9ad6-2125d1a67169
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 73 to page 73
     Mask co-ordinates: Left bottom (561.35 -0.02) Right top (613.49 788.49) points
     Colour: Default (white)
      

        
     D:20220622095522
      

        
     1
     0
     561.3541 -0.0161 613.4865 788.4863 
            
                
         73
         SubDoc
         73
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     72
     103
     72
     28ce793c-1d84-4288-b4a4-eef7c715c629
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 73 to page 73
     Mask co-ordinates: Left bottom (4.65 -0.02) Right top (719.61 32.57) points
     Colour: Default (white)
      

        
     D:20220622095522
      

        
     1
     0
     4.6547 -0.0161 719.6132 32.5667 
            
                
         73
         SubDoc
         73
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     72
     103
     72
     edf4dbe5-07a1-4a18-b8e2-f68798d505e7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 73 to page 73
     Mask co-ordinates: Left bottom (-77.27 -0.02) Right top (43.75 807.11) points
     Colour: Default (white)
      

        
     D:20220622095522
      

        
     1
     0
     -77.2677 -0.0161 43.754 807.105 
            
                
         73
         SubDoc
         73
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     72
     103
     72
     1f1e0c6a-1c54-45b1-9541-7a3c45cb1b87
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 73 to page 73
     Mask co-ordinates: Left bottom (-64.23 796.86) Right top (632.11 822.00) points
     Colour: Default (white)
      

        
     D:20220622095522
      

        
     1
     0
     -64.2346 796.8647 632.1052 822 
            
                
         73
         SubDoc
         73
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     72
     103
     72
     67cf4a96-84f7-4d1f-8dc3-fd680eb9f4f0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 72 to page 72
     Mask co-ordinates: Left bottom (696.34 246.68) Right top (697.27 248.54) points
     Colour: Default (white)
      

        
     D:20220622095522
      

        
     1
     0
     696.3398 246.6818 697.2708 248.5437 
            
                
         72
         SubDoc
         72
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     72
     103
     71
     395a85a6-28bd-40d3-9535-357b00a0b59e
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -122.88, 800.59 Width 700.06 Height 21.41 points
     Mask co-ordinates: Horizontal, vertical offset 536.22, -0.02 Width 130.33 Height 801.54 points
     Mask co-ordinates: Horizontal, vertical offset -155.47, 0.91 Width 730.78 Height 33.51 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095528
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -122.8835 800.5885 700.0636 21.4115 536.2189 -0.0161 130.331 801.5355 -155.4662 0.9149 730.7844 33.5137 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     73
     103
     73
     76595722-0609-4077-9872-eddb58076acc
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -15.83, 795.00 Width 603.25 Height 27.00 points
     Mask co-ordinates: Horizontal, vertical offset -342.58, -0.02 Width 377.96 Height 803.40 points
     Mask co-ordinates: Horizontal, vertical offset 555.77, 785.69 Width 1.86 Height 4.65 points
     Mask co-ordinates: Horizontal, vertical offset 554.84, 11.16 Width 68.89 Height 787.57 points
     Mask co-ordinates: Horizontal, vertical offset -59.58, 4.64 Width 633.97 Height 27.00 points
     Mask co-ordinates: Horizontal, vertical offset 10.24, -0.02 Width 608.83 Height 27.00 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095541
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -15.8259 795.0029 603.2463 26.9971 -342.5843 -0.0161 377.9598 803.3974 555.7686 785.6935 1.8618 4.6547 554.8376 11.1552 68.8892 787.5715 -59.5799 4.6385 633.9671 26.9971 10.2403 -0.0161 608.8318 26.9971 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     74
     103
     74
     c2005f71-177e-40d8-9eb8-f85ef8204339
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -87.51, 809.90 Width 664.69 Height 12.10 points
     Mask co-ordinates: Horizontal, vertical offset 550.18, -0.02 Width 99.61 Height 810.84 points
     Mask co-ordinates: Horizontal, vertical offset 509.22, 168.48 Width 65.17 Height 156.40 points
     Mask co-ordinates: Horizontal, vertical offset -29.79, -0.02 Width 689.82 Height 59.58 points
     Mask co-ordinates: Horizontal, vertical offset -12.10, 646.98 Width 37.24 Height 88.44 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095552
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -87.5079 809.8978 664.688 12.1022 550.1829 -0.0161 99.6101 810.8449 509.2217 168.4832 65.1655 156.3972 -29.7899 -0.0161 689.8233 59.5799 -12.1022 646.9841 37.2374 88.4388 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     75
     103
     75
     b470ccab-78ea-45b9-8ac7-84111c392433
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -73.54, 798.73 Width 661.90 Height 23.27 points
     Mask co-ordinates: Horizontal, vertical offset -57.72, 777.32 Width 308.14 Height 22.34 points
     Mask co-ordinates: Horizontal, vertical offset -162.91, -0.02 Width 202.94 Height 782.92 points
     Mask co-ordinates: Horizontal, vertical offset 28.86, -0.02 Width 724.27 Height 36.31 points
     Mask co-ordinates: Horizontal, vertical offset 551.11, -0.02 Width 126.61 Height 803.40 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095605
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -73.5439 798.7266 661.8952 23.2734 -57.718 777.3151 308.1397 22.3425 -162.9137 -0.0161 202.944 782.9168 28.859 -0.0161 724.2679 36.3065 551.1138 -0.0161 126.6072 803.3974 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     76
     103
     76
     13a2100e-8a4e-4fb1-bf2c-04dfe9497054
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -34.44, 807.11 Width 620.93 Height 14.90 points
     Mask co-ordinates: Horizontal, vertical offset 518.53, -0.02 Width 127.54 Height 808.05 points
     Mask co-ordinates: Horizontal, vertical offset -169.43, -0.02 Width 690.75 Height 35.38 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095613
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -34.4446 807.105 620.934 14.895 518.5311 -0.0161 127.5381 808.0521 -169.4303 -0.0161 690.7542 35.3755 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     77
     103
     77
     9469ec60-3a77-4d51-90e2-56a48abbd0e6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 79 to page 79
     Mask co-ordinates: Left bottom (546.46 -0.02) Right top (725.20 810.83) points
     Colour: Default (white)
      

        
     D:20220622095623
      

        
     1
     0
     546.4592 -0.0161 725.1988 810.8288 
            
                
         79
         SubDoc
         79
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     78
     103
     78
     06a05565-2d2e-4b4f-9f16-7a8d111f0700
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 79 to page 79
     Mask co-ordinates: Left bottom (-0.93 -0.02) Right top (690.75 58.63) points
     Colour: Default (white)
      

        
     D:20220622095623
      

        
     1
     0
     -0.9309 -0.0161 690.7542 58.6328 
            
                
         79
         SubDoc
         79
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     78
     103
     78
     8605cb41-7aef-46a6-896c-356b90963007
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 79 to page 79
     Mask co-ordinates: Left bottom (-181.53 -0.02) Right top (36.31 810.83) points
     Colour: Default (white)
      

        
     D:20220622095623
      

        
     1
     0
     -181.5324 -0.0161 36.3065 810.8288 
            
                
         79
         SubDoc
         79
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     78
     103
     78
     43b2a6ea-ea6e-45ec-9819-bbf4def029ce
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 79 to page 79
     Mask co-ordinates: Left bottom (-27.00 808.04) Right top (581.83 822.00) points
     Colour: Default (white)
      

        
     D:20220622095623
      

        
     1
     0
     -26.9971 808.0359 581.8347 822 
            
                
         79
         SubDoc
         79
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     78
     103
     78
     d2f86c16-ec06-4f7a-8747-c5dca36b6978
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 78 to page 78
     Mask co-ordinates: Left bottom (658.17 394.70) Right top (658.17 395.63) points
     Colour: Default (white)
      

        
     D:20220622095623
      

        
     1
     0
     658.1714 394.7006 658.1714 395.6315 
            
                
         78
         SubDoc
         78
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     78
     103
     77
     e51049eb-be16-4b65-937a-709bdf8fecea
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 80 to page 80
     Mask co-ordinates: Left bottom (-56.79 -0.02) Right top (560.42 272.75) points
     Colour: Default (white)
      

        
     D:20220622095632
      

        
     1
     0
     -56.7871 -0.0161 560.4232 272.748 
            
                
         80
         SubDoc
         80
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     79
     103
     79
     136d0411-8131-429c-851d-94dd07b0a595
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 80 to page 80
     Mask co-ordinates: Left bottom (529.70 -0.02) Right top (663.76 806.17) points
     Colour: Default (white)
      

        
     D:20220622095632
      

        
     1
     0
     529.7023 -0.0161 663.7571 806.1741 
            
                
         80
         SubDoc
         80
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     79
     103
     79
     a801ac15-3ab2-4f93-8b2a-a86916869a66
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 80 to page 80
     Mask co-ordinates: Left bottom (-25.14 811.76) Right top (573.46 822.00) points
     Colour: Default (white)
      

        
     D:20220622095632
      

        
     1
     0
     -25.1353 811.7597 573.4563 822 
            
                
         80
         SubDoc
         80
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     79
     103
     79
     a05b7b1e-879e-44eb-8cb3-5b8a929ba01c
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 80 to page 80
     Mask co-ordinates: Left bottom (-62.37 803.38) Right top (588.35 821.07) points
     Colour: Default (white)
      

        
     D:20220622095632
      

        
     1
     0
     -62.3727 803.3813 588.3513 821.0691 
            
                
         80
         SubDoc
         80
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     79
     103
     79
     1cd71f0b-c98c-475f-a2b8-9858ba2a4372
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 79 to page 79
     Mask co-ordinates: Left bottom (718.68 252.27) Right top (719.61 252.27) points
     Colour: Default (white)
      

        
     D:20220622095632
      

        
     1
     0
     718.6823 252.2675 719.6132 252.2675 
            
                
         79
         SubDoc
         79
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     79
     103
     78
     578f001f-ce17-4522-a1b1-442fe0ccef6d
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -176.88, 796.86 Width 769.88 Height 25.14 points
     Mask co-ordinates: Horizontal, vertical offset -135.92, -0.02 Width 188.05 Height 805.26 points
     Mask co-ordinates: Horizontal, vertical offset 27.00, -0.02 Width 556.70 Height 36.31 points
     Mask co-ordinates: Horizontal, vertical offset 541.80, -0.02 Width 54.93 Height 799.67 points
     Mask co-ordinates: Horizontal, vertical offset 537.15, 228.06 Width 20.48 Height 40.03 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095644
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -176.8778 796.8647 769.8838 25.1353 -135.9166 -0.0161 188.049 805.2593 26.9971 -0.0161 556.6995 36.3065 541.8045 -0.0161 54.9252 799.6736 537.1498 228.0631 20.4805 40.0302 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     80
     103
     80
     4de5795f-a8a7-4908-9904-f54ee46c6cca
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -183.39, 803.38 Width 762.44 Height 18.62 points
     Mask co-ordinates: Horizontal, vertical offset 538.08, -0.02 Width 174.09 Height 812.71 points
     Mask co-ordinates: Horizontal, vertical offset 530.63, 124.73 Width 35.38 Height 116.37 points
     Mask co-ordinates: Horizontal, vertical offset -78.20, -0.02 Width 614.42 Height 46.55 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095652
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -183.3943 803.3813 762.4362 18.6187 538.0807 -0.0161 174.085 812.7068 530.6332 124.7292 35.3756 116.3669 -78.1986 -0.0161 614.4175 46.5468 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     81
     103
     81
     6c0162d8-df09-428c-a95e-1566f996acb2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 83 to page 83
     Mask co-ordinates: Left bottom (332.34 733.56) Right top (490.60 795.93) points
     Colour: Default (white)
      

        
     D:20220622095703
      

        
     1
     0
     332.344 733.5611 490.603 795.9338 
            
                
         83
         SubDoc
         83
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     82
     103
     82
     130fd8dd-146e-4442-a4b9-6fa92e5ce31b
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 83 to page 83
     Mask co-ordinates: Left bottom (552.98 -0.02) Right top (706.58 797.80) points
     Colour: Default (white)
      

        
     D:20220622095703
      

        
     1
     0
     552.9757 -0.0161 706.5801 797.7957 
            
                
         83
         SubDoc
         83
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     82
     103
     82
     673615b6-a700-4dd1-82e4-64a2a71acca6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 83 to page 83
     Mask co-ordinates: Left bottom (13.03 -0.02) Right top (726.13 50.25) points
     Colour: Default (white)
      

        
     D:20220622095703
      

        
     1
     0
     13.0331 -0.0161 726.1298 50.2544 
            
                
         83
         SubDoc
         83
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     82
     103
     82
     fbdbda8b-cb71-4019-bc89-07ab73f53331
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 83 to page 83
     Mask co-ordinates: Left bottom (-111.71 -0.02) Right top (47.48 796.86) points
     Colour: Default (white)
      

        
     D:20220622095703
      

        
     1
     0
     -111.7123 -0.0161 47.4777 796.8647 
            
                
         83
         SubDoc
         83
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     82
     103
     82
     18c9e75a-c903-4700-9901-2793baedb01f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 83 to page 83
     Mask co-ordinates: Left bottom (-207.60 792.21) Right top (588.35 822.00) points
     Colour: Default (white)
      

        
     D:20220622095703
      

        
     1
     0
     -207.5986 792.2101 588.3513 822 
            
                
         83
         SubDoc
         83
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     82
     103
     82
     5e6b820b-47c8-48df-8a1f-2b65add0b5f4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 82 to page 82
     Mask co-ordinates: Left bottom (821.09 328.60) Right top (822.02 328.60) points
     Colour: Default (white)
      

        
     D:20220622095703
      

        
     1
     0
     821.0851 328.6042 822.0161 328.6042 
            
                
         82
         SubDoc
         82
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     82
     103
     81
     8da3bc5c-35c3-41ce-b83d-86dcbea4e94f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -132.19, 804.31 Width 700.99 Height 17.69 points
     Mask co-ordinates: Horizontal, vertical offset 537.15, -0.02 Width 136.85 Height 805.26 points
     Mask co-ordinates: Horizontal, vertical offset -76.34, 10.22 Width 629.31 Height 23.27 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095711
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -132.1929 804.3122 700.9945 17.6878 537.1498 -0.0161 136.8475 805.2593 -76.3367 10.2242 629.3124 23.2734 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     83
     103
     83
     bc2db04d-60b9-44d0-92d5-7346f4fda2c5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 85 to page 85
     Mask co-ordinates: Left bottom (548.32 -0.02) Right top (586.49 800.59) points
     Colour: Default (white)
      

        
     D:20220622095718
      

        
     1
     0
     548.321 -0.0161 586.4894 800.5885 
            
                
         85
         SubDoc
         85
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     84
     103
     84
     312cce9b-7c59-469f-b316-aeac44a51203
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 85 to page 85
     Mask co-ordinates: Left bottom (0.00 -0.02) Right top (724.27 30.70) points
     Colour: Default (white)
      

        
     D:20220622095718
      

        
     1
     0
     0 -0.0161 724.2679 30.7048 
            
                
         85
         SubDoc
         85
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     84
     103
     84
     11e5b3c1-e547-4a56-814b-d2448a58a9be
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 85 to page 85
     Mask co-ordinates: Left bottom (-191.77 -0.02) Right top (47.48 804.31) points
     Colour: Default (white)
      

        
     D:20220622095718
      

        
     1
     0
     -191.7727 -0.0161 47.4777 804.3122 
            
                
         85
         SubDoc
         85
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     84
     103
     84
     83308fa6-d2f8-486c-a81e-93bc8d330395
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 85 to page 85
     Mask co-ordinates: Left bottom (-86.58 793.14) Right top (592.08 822.00) points
     Colour: Default (white)
      

        
     D:20220622095718
      

        
     1
     0
     -86.577 793.141 592.075 822 
            
                
         85
         SubDoc
         85
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     84
     103
     84
     36d762d3-6820-40f8-bc6b-db442d04c23e
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 84 to page 84
     Mask co-ordinates: Left bottom (822.02 364.91) Right top (822.95 364.91) points
     Colour: Default (white)
      

        
     D:20220622095718
      

        
     1
     0
     822.0161 364.9106 822.947 364.9106 
            
                
         84
         SubDoc
         84
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     84
     103
     83
     8a079a7a-d66a-43a5-b702-36a56983f114
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -166.64, 795.93 Width 768.02 Height 26.07 points
     Mask co-ordinates: Horizontal, vertical offset 538.08, -0.02 Width 124.75 Height 799.67 points
     Mask co-ordinates: Horizontal, vertical offset -53.99, -0.02 Width 619.07 Height 27.93 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095725
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -166.6375 795.9338 768.0219 26.0662 538.0807 -0.0161 124.7454 799.6736 -53.9943 -0.0161 619.0721 27.9281 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     85
     103
     85
     36f00ae4-3777-4f7f-a284-2b21f55f7178
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -146.16, 799.66 Width 739.16 Height 22.34 points
     Mask co-ordinates: Horizontal, vertical offset -113.57, -0.02 Width 148.02 Height 804.33 points
     Mask co-ordinates: Horizontal, vertical offset 29.79, 487.79 Width 23.27 Height 27.00 points
     Mask co-ordinates: Horizontal, vertical offset 45.62, 485.93 Width 18.62 Height 15.83 points
     Mask co-ordinates: Horizontal, vertical offset 15.83, 441.25 Width 35.38 Height 51.20 points
     Mask co-ordinates: Horizontal, vertical offset 540.87, -0.02 Width 107.06 Height 803.40 points
     Mask co-ordinates: Horizontal, vertical offset 2.79, -0.02 Width 704.72 Height 28.86 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095745
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -146.1569 799.6575 739.1629 22.3425 -113.5741 -0.0161 148.0188 804.3283 29.7899 487.7941 23.2734 26.9971 45.6158 485.9323 18.6187 15.8259 15.8259 441.2473 35.3755 51.2015 540.8735 -0.0161 107.0576 803.3974 2.7928 -0.0161 704.7182 28.859 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     86
     103
     86
     341fd316-65d9-4dc8-a402-bd27fa82f7b2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -235.53, 799.66 Width 839.70 Height 22.34 points
     Mask co-ordinates: Horizontal, vertical offset 540.87, -0.02 Width 36.31 Height 803.40 points
     Mask co-ordinates: Horizontal, vertical offset -59.58, -0.02 Width 816.43 Height 40.03 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095752
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -235.5267 799.6575 839.7039 22.3425 540.8735 -0.0161 36.3065 803.3974 -59.5799 -0.0161 816.4305 40.0302 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     87
     103
     87
     86b38b43-632b-44ee-b3ac-f2d07886cea7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 89 to page 89
     Mask co-ordinates: Left bottom (542.74 -0.02) Right top (610.69 809.90) points
     Colour: Default (white)
      

        
     D:20220622095800
      

        
     1
     0
     542.7354 -0.0161 610.6937 809.8978 
            
                
         89
         SubDoc
         89
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     88
     103
     88
     6a594636-5e83-4848-994f-ad656a0cf72a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 89 to page 89
     Mask co-ordinates: Left bottom (9.31 -0.02) Right top (831.33 36.29) points
     Colour: Default (white)
      

        
     D:20220622095800
      

        
     1
     0
     9.3094 -0.0161 831.3254 36.2904 
            
                
         89
         SubDoc
         89
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     88
     103
     88
     7b833c43-ce74-4597-a913-18772609dc12
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 89 to page 89
     Mask co-ordinates: Left bottom (-161.98 -0.02) Right top (40.03 811.76) points
     Colour: Default (white)
      

        
     D:20220622095800
      

        
     1
     0
     -161.9828 -0.0161 40.0302 811.7597 
            
                
         89
         SubDoc
         89
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     88
     103
     88
     3b3d3670-96a7-44d2-85e0-0fbd521d6bc2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 89 to page 89
     Mask co-ordinates: Left bottom (-75.41 803.38) Right top (588.35 822.00) points
     Colour: Default (white)
      

        
     D:20220622095800
      

        
     1
     0
     -75.4058 803.3813 588.3513 822 
            
                
         89
         SubDoc
         89
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     88
     103
     88
     d7140aeb-27f0-428f-a854-72560bfc431f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 88 to page 88
     Mask co-ordinates: Left bottom (663.76 418.90) Right top (664.69 418.90) points
     Colour: Default (white)
      

        
     D:20220622095800
      

        
     1
     0
     663.7571 418.9049 664.688 418.9049 
            
                
         88
         SubDoc
         88
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     88
     103
     87
     c40d86ed-4c42-4bda-ba34-aa03318d01b5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -22.34, 791.28 Width 612.56 Height 30.72 points
     Mask co-ordinates: Horizontal, vertical offset -27.93, 640.47 Width 46.55 Height 28.86 points
     Mask co-ordinates: Horizontal, vertical offset 539.01, -0.02 Width 39.10 Height 797.81 points
     Mask co-ordinates: Horizontal, vertical offset -17.69, -0.02 Width 731.72 Height 31.65 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095810
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -22.3425 791.2791 612.5556 30.7209 -27.9281 640.4675 46.5468 28.859 539.0117 -0.0161 39.0992 797.8118 -17.6878 -0.0161 731.7154 31.6518 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     89
     103
     89
     f77ad37e-471c-403f-8246-97d2c194eff0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -351.89, 794.07 Width 942.11 Height 27.93 points
     Mask co-ordinates: Horizontal, vertical offset -149.88, -0.02 Width 179.67 Height 796.88 points
     Mask co-ordinates: Horizontal, vertical offset 11.17, -0.02 Width 684.24 Height 27.00 points
     Mask co-ordinates: Horizontal, vertical offset 554.84, -0.02 Width 98.68 Height 800.60 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095819
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -351.8936 794.072 942.1068 27.928 -149.8806 -0.0161 179.6706 796.8809 11.1712 -0.0161 684.2376 26.9971 554.8376 -0.0161 98.6792 800.6046 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     90
     103
     90
     2828731d-ffb7-47d0-bba1-759fbecf9d7d
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -184.33, 792.21 Width 765.23 Height 29.79 points
     Mask co-ordinates: Horizontal, vertical offset 530.63, -0.02 Width 102.40 Height 799.67 points
     Mask co-ordinates: Horizontal, vertical offset -77.27, -0.02 Width 608.83 Height 23.27 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095828
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -184.3253 792.2101 765.2291 29.7899 530.6332 -0.0161 102.403 799.6736 -77.2677 -0.0161 608.8319 23.2734 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     91
     103
     91
     221f499c-8778-45db-860b-9369905b30bf
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -143.36, 804.31 Width 722.41 Height 17.69 points
     Mask co-ordinates: Horizontal, vertical offset -53.99, -0.02 Width 92.16 Height 807.12 points
     Mask co-ordinates: Horizontal, vertical offset 13.03, -0.02 Width 658.17 Height 52.13 points
     Mask co-ordinates: Horizontal, vertical offset 548.32, -0.02 Width 160.12 Height 811.78 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095836
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -143.3641 804.3122 722.406 17.6878 -53.9943 -0.0161 92.1626 807.1212 13.0331 -0.0161 658.1714 52.1324 548.321 -0.0161 160.1209 811.7758 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     92
     103
     92
     4a8c337f-efb1-4c1c-bcd8-0c41c11e20b5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -83.78, 793.14 Width 670.27 Height 28.86 points
     Mask co-ordinates: Horizontal, vertical offset -59.58, 737.28 Width 301.62 Height 57.72 points
     Mask co-ordinates: Horizontal, vertical offset 508.29, -0.02 Width 206.67 Height 802.47 points
     Mask co-ordinates: Horizontal, vertical offset -140.57, -0.02 Width 737.30 Height 163.84 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095846
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -83.7842 793.141 670.2736 28.859 -59.5799 737.2849 301.6231 57.718 508.2908 -0.0161 206.6677 802.4665 -140.5713 -0.0161 737.301 163.8447 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     93
     103
     93
     bbf607d6-d719-43e2-af8c-d4d4595cf71f
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -21.41, 786.62 Width 667.48 Height 35.38 points
     Mask co-ordinates: Horizontal, vertical offset -36.31, -0.02 Width 80.06 Height 797.81 points
     Mask co-ordinates: Horizontal, vertical offset 13.96, -0.02 Width 767.09 Height 40.96 points
     Mask co-ordinates: Horizontal, vertical offset 538.08, -0.02 Width 168.50 Height 799.67 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095854
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -21.4115 786.6245 667.4808 35.3755 -36.3065 -0.0161 80.0605 797.8118 13.964 -0.0161 767.0909 40.9612 538.0807 -0.0161 168.4993 799.6736 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     94
     103
     94
     1bca7902-18ba-4b80-9483-977076197212
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -168.50, 788.49 Width 763.37 Height 33.51 points
     Mask co-ordinates: Horizontal, vertical offset 520.39, -0.02 Width 197.36 Height 800.60 points
     Mask co-ordinates: Horizontal, vertical offset -137.78, -0.02 Width 667.48 Height 32.58 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095900
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -168.4994 788.4863 763.3672 33.5137 520.393 -0.0161 197.3583 800.6046 -137.7785 -0.0161 667.4808 32.5828 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     95
     103
     95
     1a775ca3-7a4f-4c35-9d2f-550ba82b5d32
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -82.85, 801.52 Width 697.27 Height 20.48 points
     Mask co-ordinates: Horizontal, vertical offset -43.75, -0.02 Width 81.92 Height 804.33 points
     Mask co-ordinates: Horizontal, vertical offset -23.27, -0.02 Width 812.71 Height 91.23 points
     Mask co-ordinates: Horizontal, vertical offset 546.46, 59.56 Width 134.99 Height 742.89 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095907
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -82.8533 801.5194 697.2708 20.4806 -43.754 -0.0161 81.9223 804.3283 -23.2734 -0.0161 812.7067 91.2317 546.4592 59.5638 134.9857 742.8866 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     96
     103
     96
     e15c034e-45af-4c3d-ace2-74ce09a57c30
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -76.34, 803.38 Width 664.69 Height 18.62 points
     Mask co-ordinates: Horizontal, vertical offset -38.17, 761.49 Width 175.95 Height 50.27 points
     Mask co-ordinates: Horizontal, vertical offset 536.22, -0.02 Width 36.31 Height 806.19 points
     Mask co-ordinates: Horizontal, vertical offset -37.24, -0.02 Width 564.15 Height 52.13 points
     Mask co-ordinates: Horizontal, vertical offset 458.95, -0.02 Width 159.19 Height 39.10 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095915
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -76.3367 803.3813 664.688 18.6187 -38.1684 761.4892 175.9468 50.2705 536.2189 -0.0161 36.3065 806.1902 -37.2374 -0.0161 564.147 52.1324 458.9512 -0.0161 159.19 39.0993 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     97
     103
     97
     53ca01ad-87f1-4735-9d1f-0f1290405299
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 99 to page 99
     Mask co-ordinates: Left bottom (552.04 -0.02) Right top (682.38 411.46) points
     Colour: Default (white)
      

        
     D:20220622095925
      

        
     1
     0
     552.0448 -0.0161 682.3758 411.4574 
            
                
         99
         SubDoc
         99
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     98
     103
     98
     51e79072-d397-41d5-8f82-2dd9f2ddda01
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 99 to page 99
     Mask co-ordinates: Left bottom (537.15 399.36) Right top (634.90 795.00) points
     Colour: Default (white)
      

        
     D:20220622095925
      

        
     1
     0
     537.1498 399.3553 634.8981 795.0029 
            
                
         99
         SubDoc
         99
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     98
     103
     98
     936ff01d-ce50-48f3-a550-ea6adf88a92c
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 99 to page 99
     Mask co-ordinates: Left bottom (-0.93 -0.02) Right top (740.09 32.57) points
     Colour: Default (white)
      

        
     D:20220622095925
      

        
     1
     0
     -0.9309 -0.0161 740.0938 32.5667 
            
                
         99
         SubDoc
         99
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     98
     103
     98
     df03f4b4-7b61-4b54-bff3-90b797ed2844
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 99 to page 99
     Mask co-ordinates: Left bottom (-85.65 -0.02) Right top (40.96 790.35) points
     Colour: Default (white)
      

        
     D:20220622095925
      

        
     1
     0
     -85.6461 -0.0161 40.9612 790.3482 
            
                
         99
         SubDoc
         99
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     98
     103
     98
     f2ca7928-9dd6-48f9-a405-0b68b1887376
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 99 to page 99
     Mask co-ordinates: Left bottom (-308.14 788.49) Right top (582.77 822.00) points
     Colour: Default (white)
      

        
     D:20220622095925
      

        
     1
     0
     -308.1397 788.4863 582.7657 822 
            
                
         99
         SubDoc
         99
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     98
     103
     98
     e8afe5ec-41af-4657-9653-d6352a3be1ab
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 98 to page 98
     Mask co-ordinates: Left bottom (681.44 112.63) Right top (686.10 113.56) points
     Colour: Default (white)
      

        
     D:20220622095925
      

        
     1
     0
     681.4448 112.6271 686.0995 113.558 
            
                
         98
         SubDoc
         98
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     98
     103
     97
     a1720945-3f84-440d-9f63-0611919c5b96
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -105.20, 789.42 Width 696.34 Height 32.58 points
     Mask co-ordinates: Horizontal, vertical offset 529.70, -0.02 Width 171.29 Height 796.88 points
     Mask co-ordinates: Horizontal, vertical offset -129.40, -0.02 Width 687.03 Height 70.75 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095930
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -105.1957 789.4172 696.3398 32.5828 529.7023 -0.0161 171.2922 796.8809 -129.4001 -0.0161 687.0304 70.7511 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     99
     103
     99
     37d515e4-5dfe-426e-8bf1-9a150aa9e800
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 101 to page 101
     Mask co-ordinates: Left bottom (544.60 26.05) Right top (739.16 795.00) points
     Colour: Default (white)
      

        
     D:20220622095938
      

        
     1
     0
     544.5973 26.0501 739.1628 795.0029 
            
                
         101
         SubDoc
         101
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     100
     103
     100
     dab48049-d46a-481f-9df7-3d2b2770c5ea
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 101 to page 101
     Mask co-ordinates: Left bottom (-20.48 -0.02) Right top (697.27 90.28) points
     Colour: Default (white)
      

        
     D:20220622095938
      

        
     1
     0
     -20.4806 -0.0161 697.2708 90.2847 
            
                
         101
         SubDoc
         101
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     100
     103
     100
     b1f6060a-35c4-45ac-ad09-db6d4de3ee18
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 101 to page 101
     Mask co-ordinates: Left bottom (-132.19 -0.02) Right top (40.03 798.73) points
     Colour: Default (white)
      

        
     D:20220622095938
      

        
     1
     0
     -132.1929 -0.0161 40.0302 798.7266 
            
                
         101
         SubDoc
         101
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     100
     103
     100
     7ac74375-9be5-4e94-92d7-03ee7851e9b6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 101 to page 101
     Mask co-ordinates: Left bottom (-96.82 789.42) Right top (602.32 822.00) points
     Colour: Default (white)
      

        
     D:20220622095938
      

        
     1
     0
     -96.8173 789.4172 602.3153 822 
            
                
         101
         SubDoc
         101
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     100
     103
     100
     ab5455bc-5213-43fb-8513-035ae4cb8595
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 100 to page 100
     Mask co-ordinates: Left bottom (675.86 371.43) Right top (676.79 371.43) points
     Colour: Default (white)
      

        
     D:20220622095938
      

        
     1
     0
     675.8592 371.4272 676.7902 371.4272 
            
                
         100
         SubDoc
         100
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     100
     103
     99
     4185745d-e15c-4478-8462-e5e71d080a52
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -162.91, 781.97 Width 771.75 Height 40.03 points
     Mask co-ordinates: Horizontal, vertical offset -34.44, -0.02 Width 706.58 Height 35.38 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095943
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -162.9137 781.9698 771.7456 40.0302 -34.4446 -0.0161 706.5801 35.3755 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     101
     103
     101
     fed43cb0-5ed4-4f20-9e3b-8d9962ee1b2a
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -61.44, 791.28 Width 633.97 Height 20.48 points
     Mask co-ordinates: Horizontal, vertical offset -67.03, 789.42 Width 742.89 Height 32.58 points
     Mask co-ordinates: Horizontal, vertical offset -42.82, -0.02 Width 78.20 Height 803.40 points
     Mask co-ordinates: Horizontal, vertical offset 543.67, -0.02 Width 134.05 Height 792.23 points
     Mask co-ordinates: Horizontal, vertical offset 19.55, -0.02 Width 630.24 Height 48.41 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622095954
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -61.4417 791.2791 633.9671 20.4806 -67.0274 789.4172 742.8866 32.5828 -42.823 -0.0161 78.1986 803.3974 543.6664 -0.0161 134.0547 792.2262 19.5497 -0.0161 630.2434 48.4087 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     102
     103
     102
     17b0a864-76d6-4f40-b68f-b766e4e7dcd6
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 42.52 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220622100514
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1188
     316
     Fixed
     Right
     42.5197
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     28.3465
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     29
     103
     29
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -65.88, -0.01 Width 651.91 Height 75.71 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622100558
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -65.8792 -0.0146 651.9088 75.7119 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     55
     103
     55
     6686f5e8-14e7-4b05-9e00-e268a4d02833
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -30.48, -0.01 Width 577.18 Height 40.31 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622100700
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -30.4814 -0.0146 577.1802 40.3141 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     83
     103
     83
     39c8e3d6-4b49-4ae3-ab28-c524abdbf7e3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 458.20, 39.32 Width 35.40 Height 17.70 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220622100706
      

        
     1
     0
     BL
     1215
     309
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     458.2043 39.3162 35.3978 17.6989 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     83
     103
     83
     acc6540a-039a-480a-9a97-631850930be8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -41.89, -0.02 Width 560.42 Height 47.48 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220629104700
      

        
     1
     0
     BL
     1052
     268
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -41.8921 -0.0161 560.4233 47.4777 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     212
     213
     212
     75c6f4c6-5922-41d6-a66c-916d10e84237
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 471.05, -0.02 Width 169.43 Height 26.07 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220629104711
      

        
     1
     0
     BL
     1052
     268
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     471.0534 -0.0161 169.4303 26.0662 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     212
     213
     212
     b404dc1b-ba27-4c81-8780-e39816d885f5
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081552
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     15
     421
     15
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081559
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     17
     421
     17
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -28.72, -0.00 Width 77.96 Height 778.24 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220705081613
      

        
     1
     0
     BL
     1179
     281
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -28.7223 -0.0039 77.9604 778.2365 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     17
     421
     17
     926ff8e8-d265-4a72-a616-b84fade95601
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081622
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     19
     421
     19
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 20 to page 20
     Mask co-ordinates: Left bottom (-62.32 57.27) Right top (27.95 307.57) points
     Colour: Default (white)
      

        
     D:20220705081626
      

        
     1
     0
     -62.3214 57.2744 27.9485 307.5684 
            
                
         20
         SubDoc
         20
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     19
     421
     19
     135982d0-f88d-4c35-92b5-12c20d5c2aa3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 18 to page 18
     Mask co-ordinates: Left bottom (741.01 99.10) Right top (741.01 100.46) points
     Colour: Default (white)
      

        
     D:20220705081626
      

        
     1
     0
     741.0128 99.097 741.0128 100.4647 
            
                
         18
         SubDoc
         18
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     19
     421
     17
     a1299636-5d8f-4ab1-9526-37dccd6e7b19
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081638
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     21
     421
     21
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -49.24, -0.00 Width 88.90 Height 501.96 points
     Origin: bottom left
     Colour: Default (white)
      

        
     D:20220705081643
      

        
     1
     0
     BL
     1179
     281
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -49.2382 -0.0038 88.9023 501.9557 
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     21
     421
     21
     db4301df-422b-413f-ae3f-3bbfec4ce6e9
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081703
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     33
     421
     33
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081710
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     35
     421
     35
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081718
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     37
     421
     37
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081730
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     39
     421
     39
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081739
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     41
     421
     41
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081750
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     43
     421
     43
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081759
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     45
     421
     45
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081807
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     47
     421
     47
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081821
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     57
     421
     57
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081833
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     63
     421
     63
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081842
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     65
     421
     65
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081856
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     73
     421
     73
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081903
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     75
     421
     75
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081910
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     77
     421
     77
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081919
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     81
     421
     81
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081930
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     83
     421
     83
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081938
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     85
     421
     85
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081947
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     87
     421
     87
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705081955
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     89
     421
     89
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082001
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     91
     421
     91
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082011
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     95
     421
     95
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082031
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     113
     421
     113
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082040
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     115
     421
     115
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082054
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     125
     421
     125
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082104
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     129
     421
     129
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082117
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     135
     421
     135
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082127
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     139
     421
     139
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082141
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     145
     421
     145
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082148
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     147
     421
     147
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082155
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     149
     421
     149
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082206
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     153
     421
     153
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082226
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     169
     421
     169
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082239
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     175
     421
     175
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082249
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     181
     421
     181
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082259
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     187
     421
     187
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082318
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     203
     421
     203
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082340
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     211
     421
     211
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move right by 28.35 points
     Normalise (advanced option): 'original'
     Keep bleed margin: no
      

        
     D:20220705082425
      

        
     32
            
       D:20220321164051
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     979
     316
    
     Fixed
     Right
     28.3465
     0.0000
            
                
         Both
         8
         CurrentPage
         9
              

       CurrentAVDoc
          

     None
     85.0394
     Right
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     251
     421
     251
     1
      

   1
  

 HistoryList_V1
 qi2base





