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APPENDIX I 

BOTANIC GLOSSARY 

Common Name(s) Scientific Name 

Large podocarps 

Halls totara 

kahikatea 

matai 

miro 

rimu 

true totara 

Small podocarps 

bog pine 

(mountain) celery pine, 

mountain toa toa 

Other conifers 

kaikawaka 

kauri 

(Podocarpus) 

Podocarpus hallii 

Dacrycarpus dacrydioides 

Podocarpus spicatus 

P. ferrugineus 

Dacrydium cupressinum 

Podocarpus totara 

Dacrydium bidwillii 

Phyllocladus alpinus 

Podocarpus nivalis 

P. acutifolius 

Dacrydium kirkii 

Libocedrus bidwillii 

Agathis australis 



Botanic Glossary Cont. 

Common Name(s) Scientific Name 

Beeches Nothofagus 

mountain beech Nothofagus cliffortioides 

red beech 

silver beech 

N. 

N. 

fusca 

menziesii 

Large broadleaved angiosperms (hardwoods) 

hinau Elaeocarpus dentatus 

kamahi Weinmannia racemosa 

pokaka Elaeocarpus hookerianus 

ra ta JVIetrosideros umbella ta 

tawa Beilschmiedia tawa 

Small angiosperms (hardwoods) 

black matipo Pittosporum tenufolium 

broadleaf Griselinia littoralis 

cassinia Cassinia fulvida 

fivefinger Pseudopanax arboreum 

fuchsia Fuchsia excorticata 

kaikomako, pennantia 

kowhai 

lancewood 

lemonwood 

mahoe 

Pennantia corymbosa 

Sophora microphylla 

Ps~udopanax crassifolium 

Pittosporum eugenioides 

Melicytus ramiflorus 
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Botanic Glossary Cont. 

Common Name(s) Scientific Name 

Small angiosperms (Cont.) 

manuka Leptospermum scoparium 

marbleleaf Carpodetus serrata 

milk tree, paratrophis 

mountain lancewood 

pate 

pep'perwood 

pigeonwood 

quintinia 

red matipo 

lowland ribbonwood 

mountain ribbonwood 

stinkwood 

whiteywood 

wineberry 

Paratrophis microphylla 

Pseudopanax ferox 

Schefflera digitata 

Pseudowintera colorata 

Hedycarya arborea 

Quintinia acutifolia 

Myrsine australis 

Plagianthus betulinus 

Hoheria glabrata 

Coprosma foetidissima 

Melicope simplex 

Arristotelia serrata 

Coprosma linariifolia 

Dracophyllum longifolium 

Hoheria angustifolia 

Neomyrtus obcordata 

Pseudopanax colensoi 

P. 

P. 

edgerleyi 

simplex 



Botanic Glossary 

Common Name(s) 

Lianes 

bush lawyer 

supple jack 

Ferns 

prickly-shield fern 

tuft-fern 

Exotic Species 

gorse 

Cont. 
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Scientific Name 

Rubus australis 

Ripogonum scandens 

Parsonsia heterophylla 

Polystichum vestitum 

Blechnum discolor 

Cyathea colensoi 

C. smi thii 

Dicksonia fibrosa 

Ulex europaeus 

Pinus radiata 

P. resinosa 
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THE NATIONAL FOREST SURVEY OF THE LONGWOOD 

AND WEST WAIAU FORESTS 
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The entailed photograrnmetric preparation of forest-

type maps (scale 1:14 000) with assessment, by a line plot sampling 

method, of average standing timber volumes per acre in each forest 

type. 

Photography: East-west flight lines were run (across the axis of 

Field 

the main mountain ranges) with sufficient overlap between 

s and between runs to full stereosc c 

cover. Al ti tude was adjusted to give 711 x 9" (inch) 

contact prints of average scale 4" to 1 mile. 

Survey lines and ot centres were marked on the air 

tographs which were then used as field maps. Forest

type boundaries were marked on the photographs after 

stereoscopic examination and these boundaries were checked, 

as necessary revised, as the field work progressed. Vari

ations in type smaller than about 20 acres were seldom 

mapped; those smaller than 5 acres were never mapped. 

Photogrammetry: Finally, the forest-type maps were from 

the aerial phot 

epidiascope. 

by means of radial s sand 

ling Patterns: Plots were spaced at i mile intervals on east

west lines 1 mile apart for the Longwood Forest. West of 
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the Waiau River the lines were spaced 2 miles apart; the 

intervening 1-mile lines "\-lere run only through important 

timber types.* 

Plot Measurement: Plots were a rectangular (5 chain x 2 chain) 1 

acre in size, with the long axis parallel to the survey 

line. The centre line of each plot was chained with 

corrections for slope; distances to plot corners and to 

the mid-points of the longer sides were chained also. 

On each plot, all merchantable trees of commercial timber 

species were measured (d.b.h. and merchantable stem height, 

with appropriate deductions for visible defect and stem 

irregularities) and recorded by species in diameter classes: 

12 - 14 - 16 .••• 22 - 24 - 30 - 36 - 42 - + (It), True 

marginal trees were alternatively included and excluded, 

In addition to collection of data relative to the standing 

timber resource, the following information was gathered 

for all plots in the important timber types and for every 

2nd plot in forest of low or negligible timber volume: 

1 
On a 20 acre plot nested within the main plot, all poles 

(of commercial species) 4" - 1211 d. b. h. were tallied by 

* Sampling patterns varied slight with each survey in accordance 

with the degree of uniformity and importance of each particular 

forest, and photogrammetric techniQues were up-dated during the 

course of the survey. The details given here apply to survey of 

the western Southland forests. 
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species in 2" diameter classes, cull poles being listed as 

such. 

1 
On a 80 acre plot nested within the pole plot, sap 

111 - 4" d,b.h. were tallied in 2" diameter classes, and 

seedlings over 1211 height were aggregated and ranked for 

abundance according to 4 classes, 

Floristic lists were prepared in the form of stand 

des tions which ranked all species in broad frequency 

classes (sparse, widespread, or prominent) in the various 

tiers - from and canopy down to the bryophyte and 

moss layer. 

Soil pits were dug and the ncipal horizons briefly 

described, in some cases rock es were collected for 

identification. 

site information - slope, altitude, aspect, 

physi , ground-water drainage etc. - was recorded, 

and notes taken where animal modification or other stand 

succession processes were evident. 
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NATIONAL FOREST SURVEY FOREST TYPES: LONGWOODS S.E)CTOR 

(LONGWOOD AND WOODLAv.f FORESTS) 

(from J.S. Holloway, 1977) 

GROUP A: PODOCARP TYPES 

This unit once contained very extensive pure stands of 

podocarps, totalling some 20 000 ha, mainly on the Mount Pleasant 

Range just south of Otautau and on the west and south flanks of the 

main Longwood Range. Minor areas of podocarp forest occurred on 

the northern forest margin and on the east flank of the Range above 

the Pourakino Valley, 

The virgin areas had been reduced to only 2 000 ha by 

1946-47, when the sector was sampled by National Forest Survey and 

now there are only a few pockets of unlogged pure podocarp forest. 

Large tracts of logged forest still remain on the west and south 

sides of the main range, but much of the Mount Pleasant area has 

been converted to exotic forest. 

P JYloderately dense rimu, with scattered, smaller miro and 

Hall!s totara; sparse to moderately dense understorey of 

rata and kamahi. Silver beech marginally invades the stands. 

Formerly the common podocarp type, best developed on shelt

ered mid-slope sites. The only appreciable remnants occur 

in the Granity and Taunoa Catchments. 

Type P is roughly equivalent to type P2 of the West Waiau and 

v.Jai tutu sectors. 
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P1 A variant of type P on poorer soils or at high altitudes. 

Podocarps smaller, with an increased proportion of Hall's 

totara and common mountain toatoa of small tree size. 

Formerly occurred mainly above type P along the south-west 

flank of the main range, and unlogged remnants occur in the 

Taunoa Catchment. 

No really comparable type in the West Waiau and Waitutu 

sectors. 

P2 Scattered to locally frequent large rimu, miro, matai, 

totara, and kahikatea, over dense shrub hardwoods and a flor

istically rich shrub storey. Partly logged almost throughout. 

Minor areas only, on the north-west margin of the main range. 

Type P2 is similar to type of the West Waiau sector. 

P3 Scattered rimu, miro and Hall's totara over dense large rata 

and kamahi. Rare, localised, silver beech. Occurred on the 

Mt. Pleasant hill country, and no virgin areas likely to be 

found. 

Type P3 was roughly equivalent to type P3 of the 1iJest vvaiau 

sector. 

(N.B, West Waiau sector of the National Forest Survey 

comprised Dean and Rowallan State Forests and the 

Rowallan Maori Land Forest) 
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GROUP B: PODOCARP-BEECH TYPE 

Only one broad formerly occurring rather patchily 

throughout the podocarp forest belt on the lower faces of the main 

range, the major areas along valley bottoms. Now almost entirely 

logged, 

PB Mixed podocarp-silver beech forest, with the podocarp timber 

volume (mainly rimu) higher than the beech volume. Moder

ately dense to dense kamahi, occasional rata, and character

istically a dense ground cover of Blechnum. The silver 

beech very uneven-aged, with a strong representation of 

sapl and poles, Rare unlogged pockets, mainly in the 

Granity Catchment. 

GROUP C: BEECH-PODOCARP TYPES 

Generally dense silver beech forest with occasional to 

very scattered podocarps. Also now very widely logged, for both 

podocarps and beech. The main tracts were on the north end of the 

Longwood Range, along its eastern flank and in the Pourakino 

Valley, 

BP Similar to type PB, but more silver beech and the beech 

timber volume higher than the podocarp volume. Also usually 

occurred on more broken or higher ground, Rare vi stands 

left, in the Granity and possibly in the Waimeamea Catchment. 

BP1 Dense silver beech forest with scattered rimu and rather more 

frequent miro and Hall's totara, also some mountain toatoa, 
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Rather open understoreys and less kamahi and Blechnum than in 

types PB and BP. The only area shown on National Forest 

Survey type maps is above type P1 in the headwaters of the 

Ourawera Stream, the next catchment south of the Taunoa. 

BP2 Stands of short, heavily-crowned silver beech, with widely 

scattered stunted matai, totara, Hallis totara, and kahikatea. 

A light understorey of pole beech and kamahi, dense ground 

cover of Blechnum and tangles of Rubus under the frequent 

canopy gaps, This type was not mapped, and presumably con

sisted of relatively small areas adjacent to type P2 on the 

north and north-west sides of the main range, probably now 

completely logged. 

B Described as a conglomeration of all merchantable silver 

beech forest with relatively rare podocarps. Now widely 

logged, it occurred locally above podocarp forest and types 

PB and BP on the main range, but was extensive in and char

acteristic of the Pourakino Valley floor, 

The following three types were not distinguished on the 

National Forest Survey maps but were described in the National 

Forest Survey report: 

Type BE: consisting of dense silver beech forest on recent 

alluvial soils, as in the upper Pourakino Valley. Sparse 

occurrence of rimu, Hall's totara, kahikatea, pokaka, and 

kamahi. Divaricating shrubs the main feature of the under

growth, and a continuous ground cover of filmy ferns and 

thick moss. A virgin remnant occurs in the Granity Catchment, 
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Type BB was similar to type B4 of the West Waiau sector. 

Type BA: open-canopied stands of short, branchy silver beech, 

over dense kamahi and a dense ground cover of Blechnum. Only 

very sparse, but large, rimu. Stands were formerly most 

common on the western mid-slopes of the main range, 

Type BA was similar to type B5 of the West Waiau sector. 

Type Be: consisting of dense silver beech, sparse, local 

rimu, miro, and Hailis totara, a generally open understorey 

with uneven occurrence of pole beech and kamahi. Formerly 

most common on mid-slopes of the main range above the Poura

kino Valley and in the Merrivale Basin. 

Type BC was roughly equivalent to type B1 of the West Waiau 

sector. 

GROUP D: BEECH TYPES 

S Virtually pure silver beech stands on the upper slopes of the 

Longwood Range. Being generally above the merchantable limit 

the total area is still approximately 6 500 ha, 

M Stunted, windswept silver beech close to the tree line, 

usually less than 10 m tall. Pink pine occurs locally, The 

total area is about 3 000 hat 

R Silver beech pole stands, developed after fire or clearing 

many years ago; including gold-mining operations in the 
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south. Mainly of pocket-handkerchief size; only mapped area 

about 60 ha, on the south-east outskirts of the Longwood 

Range. 
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APPENDIX III 

TRANSECT TECHNIQUES FOR GRADIENT ANALYSIS 

Sixty 20 m x 20 m plots were established on 11 altitudinal 

se~uences which, ideal should each have extended from ri an 

silver beech, through the mid-slope podocarp zone to montane silver 

beech forest. However, the grossly discontinuous extent of vi 

forest, particularly below about mid-slope, gave little choice in 

the location of transects and dictated that most of them spanned 

only the ecotone from mid-slope rimu-dominated forest to montane 

silver beech. Where some choice did exist in the location of 

transects these were confined to s s of even grade, or to broad 

regular ridge systems in order that topographic variation be reduced 

as much as possible. That is, there has been selection for ri 

crest and convex-shaped slopes in order that the altitudinal se~uen

ces, which are of main interest, be less distorted by topographic 

variation than would have been the case with random sampling. 

Four transects (27 plots) were located on the western 

slopes of the five transects (22 ts) on the eastern fall 

of the Range into the Pourakino Valley; and one transect each to 

the north and south (6 and 5 plots respect ). The main purpose 

of the ots was to provide information for a gradient analysis 

type study of the altitudinal pattern of beech and podocarp on the 

Longwood In addition, to enable 'monitoring (of the stability 

or otherwise) of silver beech-podocarp ecotones, these plots were 

made permanent and have been incorporated into the N.Z. Forest Ser-

vice Sample Plot System. 

5-yearly intervals (to 

A Control Plan calls for ction at 

against plot re-location failure) and 
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re-measurement at 20-yearly intervals. 

TRANSECTS: 

The transects were marked on 1:10 000 scale National For

est Survey type maps and were followed in the field using a compass 

and altimeter. Each transect originated at some distinctive topo

graphical or cultural feature that would aid re-Iocation, or were 

marked from such a feature to their origin, and then for their 

entire length, with 5 x 10 cm strips of red aluminium sheet (IIPerm

alatl!) fixed with 3 cm flat-head galvanized nails to substantial 

trees at about 10 m intervals. 

The spacing of plots was varied to sample sharp boundarie~, 

between pure silver beech and pure podocarp forest, more intensively 

than these forest types themselves. Thus plots were located adjacent 

to each other where the forest composition changed dIy, but were 

spaced widely (up to 200 m apart) within pure forest types, Where 

sufficient virgin forest existed, transects originated in riparian 

or lower-slope silver beech with one plot, then several closely

spaced plots spanned the ecotone to mid-slope podocarp stands within 

which plots were spaced 200 m apart, until the ecotone with montane 

silver beech was encountered, Then plots were again spaced closely, 

with a final plot beyond the altitudinal limits of the podocarp for

est dominants. Regular spacing of plots at an intensity sufficient 

to trace forest composition changes in both time and space as desired, 

would have been impossible with the resources availablef The 

* To establish these 60 plots approximately 1000 man-hours were 

put in by myself and an assistant. 
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variable plot spacing allowed opportunity for being selective in 

sampling, so this was minimised by deciding upon the number of plots 

per transect, and their approximate spacing, from forest type sheets 

and aerial photographs examined prior to transect establishment, 

All plots were established to the left of ascending 

transects, and the exact spacing of plots was determined by the rate 

of change of forest composition as judged from what could be seen of 

the forest structure without leaving the transect. In other words, 

forest stands were not inspected in a manner that could have enabled 

plots to be selectively located within stands conforming to any pre

conceived theories on beech-podocarp interaction, 

PLOT ESTABLISHMENT: 

Plots were marked in a permanent or a semi-permanent 

fashion, according to the likelihood of their elimination by logging, 

roading etc, Transects 1-4 are located within a Biological Reserve 

and have plots of a permanent design; transects 7-9 are located in 

remnant virgin forest inaccessible to past logging and hence unlikely 

to be logged in the future, so these plots are permanent also, 

(Plot 9/4 is of semi-permanent design as a permanent transect to it 

could not be marked through recently felled forest), Transects 5, 

6, 10 and 11 are located in log-sale areas, or where logging within 

the next decade is envisaged, and therefore these have semi-permanent 

plots, 

Plot design and establishment procedures were modified 

slightly from those of the 20 m square permanent plots as described 

by the Protection Forestry Division, Forest Research Institute!s 
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field manual IlVegetation Assessment; Part I Forest Vegetation" 

(1978). (Part II of this manual includes data processing techniques 

and associated computer programs). 

Each plot consists of: 

(i) A 20 m x 20 m square plot located to the left of the tran-

sect, each corner marked with a labelled (A-D) red "permalat lt 

marker fixed to a 0.7 x 40 em aluminium rod impaled in the 

ground, and with a similar label nailed to the nearest 

substantial tree. Transect and plot numbers are given on 

Ifpermalat tl labels on corners "G" and "D" (see diagram 

below). For semi-permanent plots, these corner labels and 

corner A 

c 
( 

P lBRJVlANBNT PLOT LAY-OUT 

5 m 

J\' 
transect 

I 
I 
I 
B 
• 

D 
20 ill -------------------~> 
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the transect markers are the only form of marking, Twenty 

meter "fi bron ll tapes were laid out as plot boundaries; a 

further six tapes then b used to divide the t into 16 

e (5 x 5 m) segments to assist in obtaining a complete 

stem inventory (without duplication). 

For permanent plots, every woody stem rooted 5 or more 

within the plot and exce 2,0 cm d.b.h, was labelled 

with a numbered aluminium "tree tag!! (N,Z, Forest Service 

standard type) fixed with a galvanized flat-head nail at 

breast height. There was some variation in minimum size 

Important species such as rimu were always tagged 

to as small as 1 cm d.b.h., but not other species which tend 

to split on tagging, or some lower-tier species like stink

wood which are numerous in the 1-2 cm diameter class. 

Excessively multi-leadered stems were on occasion tagged 

slightly below breast height to reduce t Lianes such, 

as bush lawyer were tagged where very but dense 

tangles of this and supplejack were not, All moss, loose 

bark and lianes were removed from stems with a blunt slasher 

prior to diameter measurement, with care to avoid injury to 

rot-prone species like rimu or silver beech. 

Diameters were measured just above the tag with a steel dia

meter tape to the nearest 0.1 cm, and recorded by plot seg

ment with species code name and tag number on diameter tally 

sheets. For grossly fluted stems a suitable reduction in 

diameter was made, and for large, irregularly-sectioned stems 

the diameter was recorded to the nearest 1 cm only. Stems 

over 1.35 m height but under taggable diameter (called 
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over/unders - O/U's) were tallied also by species by seg

ment. Where extremely abundant the !lO/Uls!! of some lower

tier species were tallied by estimated abundance class, to 

the nearest 10 sterns - in the case of stinkwood or coppiced 

kamahi mostly. For semi-permanent plots no tree tags were 

used, otherwise stem data collection was identical to that 

for permanent plots. 

Within each plot 24 seedling sub-plots were measured, as in 

the diagram on p 40. Where plo ts were permanent these 

seedling sub-plots have been permanent marked at their 

centre with a numbered 5 x 7 em st of red "permalat" 

impaled on a i x 30 cm aluminium rod, in turn impaled in the 

ground. The sub-plots are of 3.14 square m in size (total 

of 75 square m per main plot). They were measured by cl 

ping a 1,0 m steel tape to the sub-plot peg and rotat in 

a full circle while listing all seedling and other identi

fiable vegetation encountered by the tape. All seedlings 

(woody species) 15 em and taller were tallied by species in 

height classes: 15 - 45 - 75 - - 135 - + (em), by sub

plot. Large seedlings could be tallied in the 135+ em 

class, or as If O/U t s" ; not both. Where extremely abundant, 

Coprosma seedlings in the smaller height classes were tall

ied in estimated abundance classes, to the nearest 10, but 

all potential canopy tre~ species were counted precisely. 

Where necessary a 2 m steel tape was used to measure seed

ling height. In addition, all non-woody vegetation that 

could be identified, and seedlings les8 than 15 cm height, 

were recorded as present in the up-to 15 cm hei class. 

In some plots one seedling sub- at has been located 
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slightly off-position to make way for the soil pit. (No 

seedling sub-plot markers were used for semi-permanent 

plots) . 

A forest reconnaisance description was super-imposed on the 

20 m sQuare plot, and included only vegetation rooted inside 

or over-hanging this. For any species found near to but not 

on the plot, a note was made. (e.g. Itrimu tier 1, 7 m down-

hill from ot"). All woody species and 30 commonest non-

woody species were listed in 6 tier classes, with the dom

inants (up to 3 species) in each tier noted. Height limits 

to tiers were 0.3, 2, and 5 m for lower tiers, but for upper 

tiers the limits varied according to forest structure, 

although most commonly they were 10 and 20 m, plus stems 

emergent above this. Mean top heights of the canopy and 

emergent tiers were estimated. Also the height of the 

tallest tree located within 20 m of the plot was measured 

a Suunto and tapes, to the nearest 1 m. Altitude was 

recorded to the nearest 5 m using a barometric compensating 

altimeter calibrated from the forest type sheets, The 

prevalent aspect and slope were measured with a compass and 

Suunto. Freedom of ground-water drainage was ranked by 3 

classes; physiography by B classes, and note was made of 

size and abundance of any bed-rock or shattered rock 

evident. A soil pit, located as close to the plot centre as 

was convenient, was dug to the depth of the iron pan or to 

1 m, and a soil profile description was made as prescribed 

in 'l'aylor and Pohlen (1962). Note was made of the depth, 

thickness and continuity of any iron pan, and on poorly 

drained sites excavated soil was examined for macro-fossils, 
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particularly of podocarp foliage on plots beyond the present 

range of these species, Soil samples were collected from 

the principal horizons of some soil pits for laboratory 

analysis. Additional notes were taken where stand origin 

or other historical or current processes were evident. 

Plot locations were described in detail and marked on the 

1:10 000 scale forest type maps. The data and summarised 

versions of it are held on punched card files deposited 

with the Forest Research Institute (Christchurch). The 

Forest Service (Invercargill) has accepted responsibility 

for monitoring the transects, which have been incorporated 

into the Forest Service Sample Plot System as trial No. 

S, 512. Copies of the detailed control plan and location 

maps are held at Tuatapere, Otautau, Invercargill, Welling

ton and Rotorua. Re-measurement (as per the original 

measurement) at four 25-year intervals is planned, with 

5-yearly inspections to guard against plot loss from re

location failure. 



Rainfall Normals 1941 - 1970* ( 
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LILLBURN 
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Rainfall Normals 1941 - 1970 ~ iJone:;. 

Jan Feb Mar Apr Jun Sep Oct Nov Dec 

CENTRE ISLAND LIGHT 
102 91 102 112 107 124 86 84 91 107 102 91 

OTAUTAU 
89 79 89 102 94 109 74 74 76 89 89 81 

WINTON 
64 61 69 74 66 74 48 48 51 61 71 66 

OTAHUTI 
66 79 89 79 91 58 58 61 71 79 74 

RIVERTON 
91 81 94 104 99 114 74 76 74 86 . 94 89 

INVERCARGILL AERO' 
89 79 94 104 91 107 69 66 74 86 94 89 

Year 

1199 

1045 

3 

881 

1076 

1042 



168102 OTAUTAU 

Jan 
t'-
«:::t 

R.IUNFALL. MILLlMETRES 

Highest monthly/ 

annual total 1949- 149 

Normal 1941-70 91 

Lowest monthly/ 

annual total 1949- 33 

Av. N~ of days with rain 

1.0 mm or more 1949- 11 

Max. 1-day rainfall 

(mm) 1949-73 56 

ESTI~ATED WATER BALANCE 

Av. runoff (mm) 949-71 8 

Av. deficit (mm) 1949-71 3 

Feb 

144 

81 

12 

9 

55 

3 

5 

Mar 

213 

91 

31 

12 

52 

18 

3 

LAT. 

Apr May 

271 247 

102 97 

40 28 

1 2 13 

42 

51 

10S LONG. 1 OOE HT. 5 

Jun Jul Aug Sep Oct Nov Dec Year 

259 144 130 194 154 198 1 1515 

112 76 76 76 91 91 84 1068 

28 26 8 18 23 28 843 

14 12 10 10 12 12 10 137 

56 32 45 40 43 50 50 56 

102 66 43 38 33 25 18 481 

11 
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168102 OTAUTAU (Cont.) 

TEMPERA TURE . 

Highest Maximum 

Mean monthly/ 

annual maximum 

Mean dai max. 

Normal 

Mean daily min. 

mean monthly/ 

annual minimum 

Lowest minimum 

Mean daily range 

Mean dai grass 

minimum 

CELCIUS 

1949-

1949-75 

1949-75 

1941-70 

1949-75 

1949-75 

1949-75 

1949-75 

1949-75 

LAT. 46 10S LONG. 168 OOE HT. 5 

Jan Feb Mar May Jun Jul Aug Sep Oct Nov nec 

33.8 .0 28.7 25.6 22.8 20.1 16.7 20.6 26.1 26.6 28.1 28.9 

28.1 27.2 25.7 21.4 18.2 15.2 14.6 16.6 19.6 22.0 23.9 25.8 

19.6 19.5 18.0 15.3 12.2 9.6 9.2 11.1 13.6 15.5 16.9 18.5 

14.0 13.9 12.6 10.1 7.2 5.5 4.7 6.0 8.2 10.1 11.4 13.0 

8.5 8.5 7.5 5.3 2.6 1.2 0.0 0.9 3. 1 4.9 6. 1 7.5 

2.4 1.6 0.3 -1.2 -3.8 -4.7 -5.3 -4.6 -2.5 -1.0 -0.2 1.3 

-0.1 -0.8 -2.7 -4.3 -7.5 -8.6 -7.8 -7.8 -5.6 -2.8 -2.0 -1.0 

11.1 11.0 10.5 10.0 9.6 8.4 9.2 10.2 10.5 10.6 10.8 11.0 

6.2 6.2 5.3 2.8 0.1 -1.5 -2.9 -2.2 0.0 1.9 3.3 5.2 

Year 

33.8 

29.0 

14.9 

9.7 

4.7 

-6.1 

-8.6 

10.2 

2.0 



168102 OTAUTAU (Cant.) LAT. 46 10S LONG. 1 OOE HT. 5 

Jan Feb Mar Apr Jun Jul Sep Oct Nov Dec Year 

DAYS WITH FROST 

Ground frost Av. -75 1.2 1.0 2.8 5.3 12.4 17.0 21.8 19.7 12.6 8.7 4.5 2.3 109.3 

Frost in screen Av. 1949-75 0.1 0.4 2.3 7.0 10.3 14.9 11.4 4.8 2. 1 1 .0 0.2 54.5 

EARTH TEMPERATURES (DEGREES C) 

Av. at 0.10 metres 19 14.9 14.2 12.3 9.3 6.2 3.9 2.8 3.8 6.3 9.4 12.0 14.1 9.1 

Av. at 0.30 metres 15.7 15.5 13.8 11.1 8.0 5.5 4.2 5.1 7.5 10.0 12.4 14.5 10.3 

RELATIVE HUMIDITY (%) 

Average at 9 a.m. 1949- 71 80 87 83 66 70 78 

VAPOUR SURE (MBS) 

Average at 9 a.m. 1971-75 12.2 12.7 11.9 10.1 8.3 7.2 6.6 7.0 8.3 9.0 10.4 .6 9.6 

SUNSHINE. (HOURS) 

195b-f5 252 200 201 140 110 112 126 161 170 204 208 241 u 



168102 OTAUTAU (Cont.) LAT. 46 10S LONG. 168 OOE HT. 5 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
0 
tr\ 

SUNSHINE (HOURS. Cont.) 

Normal 1941-70 186 162 146 116 100 84 99 129 138 170 167 178 1675 

% of possible 1941-70 40 43 39 38 36 34 38 43 41 43 39 38 39 

Lowest 1956-75 137 122 94 61 77 50 72 86 87 110 123 120 1466 

SPEC IAL PHEN01<IENA 

Av. N~ of days with 

hail 1971- 0.3 0.2 1.4 0.8 0.8 0.4 0.2 0.2 4.3 

Avo N~ of days with 

thunder 1955-75 0,1 0.1 0.2 0.2 0.3 0.3 0.1 0.2 0.1 0.1 1.7 
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APPJi;NDIX V 

TEMPERATURE RECORDS FROM THEllHOMETliJR STATIONS 

(A) Waimeamea Transect: 

(i) Maximum Temperatures (0 C): 

Station N~. 1 2 3 4 5 6 

(Alti tude) 210 220 320 400 470 480 m 

Date 

17/10/78 17i 16% 16 16 15 

13/11/78 2 20 21 1 18-)1- 1 

30/ 11 /78 25i 24i 2 32.1-4 31~ 2 

16/12/78 24~ 23 24 22 21~ 

31/12/78 24i 23 21~ 2 2 2 

26/01/79 22 2 2 21i 20.1-
4 20% 

06/02/79 2 24-~ 22 2 22.1-2 2 

22/02 79 19 1 17t 1 18 

03/04/79 2 21 2~ 2 19 20 19% 

03/05/79 19 18t 18 1 17% 

06/06/79 16 1 15 16 14i 

03/07/79 15.1-4 16 15~- 14 

01/08/79 12 13 13i 13 13t 12~~ 

03/09/79 1 1 1 

03/10/79 15t 15i 15'~ 1 

01/11/79 19~ 19J~ 
·4 1 1 8-~ 

29/11/79 2 21 13 20 
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Waimeamea Transect cant • .•. 

(ii) Minimum Temperatures (0 C): 

station N~. '1 2 3 4 5 6 

(Altitude) 210 220 320 400 470 480 m 

Date 

17/1 0/78 2~ 2 1i 1i 1-,t 

13/11/78 1-~ ~ 1i 1i -2 

30/11/78 1~ 1% 1i 1 110. 
2 1 

16/12/78 6~ 4i 5 4i 

31/12/78 :3 5-4 5 5 5 

26/01/79 4i 4~ 4~ 3 44 5 4i 

06/02/79 6 4~ 5 4% 

22/02/79 6~- 5 5i 41-

03/04/79 3i 3-,t 2~ 

03/05/79 2 1~ 1~ 

06/06/79 0 1 ~ ~ ~ 0 2" 2 - 2" 

03/07/79 1i ~ 4-~ 2 -1 2" 

01/08/79 -1 0 ~ 0 3 ~ 4 - 4 - 2" 

03/09/79 -1 -2 -1i -1 

03/10/79 ~ ~ ~ 0 - 2" 2" 4 

01/11/79 -1 -1i 1.Q - 4 

29/11/79 4i 3~ 3i 3-£3 
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(B) Granity Transect: 

(i) Maximum Temperatures (0 C): 

station N~. 1 2 3 4 5 6 

(Altitude) 220 230 280 250 290 300 m 

Date 

18/10/78 15i 1 1 3 114 1 

30/ 11 /78 24± 25± 2 19± 25± 2 

17/12/78 20~ 21i 2 19-i- 21~ 20 

30/12/78 22 24 24 1 2 3 21 4 

24/01/79 22 2 24 18-~ 2 20 

07/02/79 2 26~ 4 2 19 2 2}1-2 

22/02/79 1 1 1 14 1 18 

02/04/79 19± 21~ 22 1 21 2 

04/05/79 18i 1 17~ 1'H- 17± 17 

06/06/79 16 2 2°-i 14 18i 17~ 

03/07/79 iii 15 

02/08/79 11 13 12 9 iii 11 

03/09/79 11 15 15 9~ n-i 13 

03/10/79 12 13 1 1~ 1 13 

01/11/79 18-i 2o-~- 20 1 19 

29/11/79 22 23i 22~ 2 17~ 21i 2 
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Granity Transect cant • .•• 

(ii) Minimum Temperatures (0 c); 

Station N::. 1 2 3 4 5 6 

(Altitude) 220 230 280 250 290 300 m 

Date 

18/10/78 2 1% 1% 1.1. 
2 1% 

30/1 1/78 li 2 2.1. 
4 

17/12/78 6 5% 5i 5-i 

30/ 12/78 5 6-1;- 4i 5i 5i 

24/01/79 5 4~ 4% 5 

07/02/79 5 4-i 5t 4~ 4i 

22/02/79 5 5~ 5~ 

02/04/79 5~ 4 4 

04/05/79 3 i~- it it 

06/06/79 3 -it 1 l 2.1. 0 "4 :2 :2 2 

03/07/79 -3 -2 -2 -2 -2Jr 

02/08/79 0 2 .1. 1 1.l 
2 2 

03/09/79 1l 0 1l 1l 1.1. 
2 it 

03/10/79 l 1.1. 0 1 1 -2 4 

01/11/79 0 -2 -2t -2t -2-1 

29/ 11 /79 4 3l 4 4 



Profile 2/1 

Site 

Forest type: 

rimu-dominated 

mid-slope pod, 

Hor
izon 

"A" 

Altitude: 310 m, "B" 

o 
Aspect: 230. 

o 
Slope: 8. 

Physiography: 

convex face. 

Soil-water 

drainage: mod. 

APPENDIX VI 

SOIL PROFILES 

Depth Consis-
(em) ture Texture eney Colour Nisc. 

0 Medium- Peaty Friable. VI dark Wet, greasy, 

coarse silt loam. reddish- abundant 

crumb, brown. roots. 

28 

Well-devel!d "Gritty" Firm. Dark Wet, a few 

med'-coarse clay loam reddish- roots, heavy 

fitting, (iron nodules). brown. mottles. 

nutty, 2-3 cm 

sized peds 

with humic 

stains. 

45 
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Profile 2/1 (Cont. ) 

Site 
Hor
izon 

Litter: 1-2 cm, "c" 

mostly rimu 

needles. 

Profile 2/3 

Forest type: 11 A II 

"montane" 

stunted 

podocarp. 

Con t ... 

Depth Consis-
C tru~ture_ ten~;y: Colour Misc. 

orly- Sil Firm. Yellowish- Less mottles 

devel'd clay. brown. with depth. 

med l -

fi tting. 

o Mod l -devel 1 d Peaty Friable. VI dark Abundant 

medlcoarse silt loam reddish- root-hairs 

crumb. (humic) • brown. between humus 

& top soil. 

36 



e
m 

(Cont.) 

Site 
Hor
izon 

Altitude: 3 m. "Bn 

o 
Aspect: 250. 

o 
Slope: 12. 

Physiography: 

convex face, 

Soil water 

drainage: good. 

Litter: 2 cm raw 

humus over 6 cm of 

"cn 

ot-hair matt 

(moss on surface), 

Cont ... 

D Consis-
tency Colour Misc. 

Indistinct- tlGrit Firm, Dark Dry. 

fitt 5-8 clay loam reddish-

cm peds (smal- (iron nodules). brown. 

ler inter-

structure), 

40 

Mod'-devel1d C loam, Firm. Bright MOist, very 

blocky, tend'g yellowish- heavy, 1-2 cm 

coarse nutty. brown. thick iron pan 

(very distinct). 

45 
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Profile 21.4 

Forest type: 

montane silver 

beech. 

Altitude: 420 m. 

Aspect: 25 00 , 

o 
Slop e : 10. 

ography: 

concave face. 

Drainage: good, 

tending moderate, 

Hor-
zon 

"A" 

"B" 

Soil Profiles Cont •.. 

Depth Consis-
(cm) Structure Texture tency Colour Hi s c. 

0 Crumb, upper, Silt loam. Firm. Dark lYIoist. 

wk'-devel'd brown. 

with fitting, 

, distinct 

peds below. 

25 

Modl-devel1d "Grit Very firm. Greyish- JVIoi st. 

coarse nutty, clay loam. brown, 

well fitting, 

humic-stained 

peds. 

40 
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Profile 2/4 (Cont.) 

Site 

Litter: 2 cm 

between moss 

cushions, over 

2 cm humus and 

root-hair matt. 

Profile 2.L.li 

Forest type: 

IIriparianll 

silver beech. 

Altitude: 135 m. 

Aspect: 285°. 

Slope: 22°. 

Hor
izon 

flC 

"A" 

liB" 

0 

20 

50 

Soil Profiles Cont •.• 

Consis-
S T te~~ Colour Misc. 

Wk'-devel'd Clay loam. Very firm. Yel101,vish- Wet, iron pan 

mod' blo brown. and nodules, 

humic-stained bed-rock at 

peds. cm. 

Well-devel'd I! Gritty" Friable. Dark Very fibrous 

crumb. silt loam. reddish- root matt at 

brown. surface, moist. 

\v'ell-devel'd Sandy Friable Dark yell-

small nuts. silt loam. to firm. owish-brown. 



Profile 5/R (Cant.) 

Hor-
Site izon 

Physiography: tiC" 

toe of small spur. 

Drainage: excellent. 

Litter: 10 em beech 

twigs/leaves over 

5 em raw humus. 

Profile 5/1 

Forest type: 

lowland pod/small 

angiosperm. 

"AI! 

Depth 
(em) Structure 

Mod!-devel'd 

nutty, small 

& fitting. 

100+ 

o Well-devel'd 

crumb. 

25 

Soil Profiles Cont ..• 

Texture 

"Gritty" 

c loam-

silt clay. 

loam 

(high organic). 

Consis
tency 

Firm. 

Friable. 

Colour Misc. 

Yellowish- No mottles. 

brown. 

Dark Very pea top 

reddish soil, large 

brown. worms. 
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Profile 5/1 (Cont. ) 

Site 

Altitude: 200 m. 

ect: 280
0

• 

Slope: 20 0 . 
Physiography: 

lower face. 

Drainage: 

excellent. 

Litter: 2 cm raw 

foliage, mostly 

matai needles. 

Hor
izon 

"B" 

"c" 

les Cont ... .;;;..;:...;;;;;.;:;......;;;..,;:..;...;;:.;--

Depth Consis-
( T tency Colour Misc. 

Massive Friable, Dark Very free 

blocky (20- clay loam. if moist, brown. draining. 

30 cm peds), else 

fine nutty 

fitting within. 

40 

lVIassive, Sandy Firm. Yellowish- Roots to 1 m, 

blocky. loam with brown. faint mottles, 

fine gravel. blue-grey &; 

orange at l m 

(no bottom found) depth. 

130+ 
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Soil Profiles Cont ... 

Profile 5/4 

Hor
izon 

Depth Consis-
Site ( cm) S t 

Forest e: HA" 0 JVIod'-devel'd Clay loam. Friable. 

scattered po med' -fine 

small angiosperm. fitting nutty. 

Altitude: 3 m. "B1! Wk'-devel'd S Friable. 

Aspect: o med'-fine clay. 

S 5°. blocky. 

iography: 40 

round ridge IIC II \~'k' -devel 'd "Grit Friable. 

crest. blocks, fine 

Drainage: good. fit 

Litter: 2 cm raw litter, within. 

mostly shrub leaves. 

60+ 

Colour JVIi s c . 

Very dark surface 

brown. roots. 

Yellowish- JVIany worms. 

brown. 

Bright Fragments of 

yellowish- biotite, norite, 

z & horn-

blende. 
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Profile 5!S 

Site 

Forest 

small osperm. 

Altitude: 300 m. 

ect: 

o 
Slope: 28. 

Physiography: 

gully-side. 

Drainage: good. 

Litter: 2 cm raw 

leaves. 

Hor
izon 

"A" 

liB H 
1 

liB II 

2 

Soil Profiles Cont .•• 

Depth Consis-
(cm) S Colour Misc. 

0 Med'-coarse Sandy Friable. Dark roots, 

crumb, patches clay loam. brown. high organic, 

fine moist. 

JVIod!-devel!d !1Gritty!1 Friable. Dark Intermediate 

medl-fine sandy yellowish- between "All 

nutty. clay loam. brown. & If It 

Wkl-devel1d Sandy Friable. Yellowish- Sand & gravel 

fine-med l loam. brown. lower down. 

blocky. 

65 



Profile 5/S (Cont.) 

Site 

Profile ~ 

Forest type: 

Montane silver 

beech, 

Altitude: 400 m. 

Aspect: 380°. 

° Slope: 5 . 

Hor
izon 

"C" 

"A" 

11] 11 

1 

Cont ... 

Depth Cons is-
(cm)_ Structure tency Colour Misc. 

No structure, Sandy loam Friable. Yellowish- Substratum 

gravelly PJVI. & gravel. brown. dry. 

100+ 

0 vlell-devel! d "Gritty" Friable. sh- Many roots, 

crumb. silt loam. brown. slightly moist. 

1 5 

Well-devel1d Sandy silt Firm. Yellowish- Transition 

nutty. loam (mica brown. between "A" 

plates). & 11]2 11
, 

35 



Soil Profiles Cont ... 

Profile 2LM (Cont.) 
L!1 
\.0 

Hor- Depth Consis-
Site izon (cm) Structure Texture tency Colour Nisc. 

Physiography: "B " 2 
Mod'-devel'd Sandy Firm. Yellowish- Fairly dry. 

round ridge. nutty. silt loam. brown. 

40 

Litter: 3-4 cm "C" Massive Sandy Very firm. Light Faint orange 

beech leaves & wk'-devel'd sil t & yellowish- iron mottles 

twigs over 10 cm blocks. grit. brown. at 65 - 70 cm. 

humus, fibrous root matt. 

80+ 



- 66 -

APPENDIX vII 

LABORATORY METHODS FOR CHEIVIICAL ANALYSES OF SOILS 

All soil samples were oven-dried with forced ventilation 

at 20
0 

C for 2 days, crushed then sieved through 2 mm mesh. After 

thorough mixing each e was ground finer then sieved through 

o 
N- 80 mesh to ensure representativeness of any micro-sample. 

using a meter. 

Coarse-ground (2 mm mesh sieve) soil samples were added to 

an equal volume of distilled water, agitated, left to soak 

o 
for 24 hours and read at 20 C with a caromile electrode 

pH meter. Two replicates each of the SGil 

averaged for pH values. 

LOSS ON IGNITION: 
o 

using a muffle furnace at 550 C. 

es were 

Fine-ground (N~ 80 mesh sieve) 5 gm soil samples were 

heated in a muffle furnace for 4 hours at 5500 C, then 

re- to give an estimate of soil organic content. 

SOIL ORGANIC CARBON: using the "Walkley and Black" method of 

oxidatjon. 

The organic matter in 0.5 gm samples of soil was oxidised 

by 10 ml of 0.167 molar (M) potassium dichromate heated by 

the dilution of 20 ml of concentrated (cone.) sulphuric 

acid. Back-titration of the dichromate \vith 
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0.5 ammonium ferrous sulphate hexahydrate enabled an 

estimate of the peroentage organio carbon in eaoh soil 

sample, averaged from 2 replicates. 

TOTAL NITROGEN: using the "KjeldahP method of distillation. 

Fine-ground 0.5 gm soil samples oatalysed with 1 gm of 

K2S0
4
/Se were digested with 3 ml of oono. sulphurio aoid 

until clear, to oonvert NH groups to ammonia. This was 

neutralised with 10 ml of oonc, sodium hydroxide, distilled 

off into boric aoid, then measured by titration with 

hydroohloric acid. Two replioates of each sample were 

analysed. 

TOTAL PHOSPHORUS: from digestion in boiling oono. hydrochlorio aoid. 

Ashed 5 gm soil samples were digested slowly in 25 ml of 

10 Mhydroohlorio aoid for 4 hours, made up to 32.5 ml 

with distilled water and centrifuged at 3000 r.p.m, for 

5 minutes. Two ml aliquots of the supernatant were 

neutralised with 1 ml of 1 M sodium hydroxide, made up to 

20 ml with distilled water and analysed for phosphorus 

oonoentration by the "Murphy and Riley" colourmetric 

method. The molybdenium blue colour was developed in a 

o 
60 C water bath for 10 minutes and read at 880 mIll on a 

o 
spectrometer at 20 C. A range of phosphorus standards 

were used to calibrate phosphorus concentration from 

molybdenium blue absorbance. 
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AVAILABLE (acid-soluble inorganic) PHOSPHORUS: using dilute acid. 

One gm fine-ground soil samples were shaken with 100 ml 

of 0.5 M sulphuric acid to extract inorganic phosphorus, 

then were analysed 24 hours later for phosphorus concen

tration by treating 5 ml aliquots with the molybdenium 

blue method described previously. 

CATION EXCHANGE PROPERTIES: carried out by the Forest Research 

Institute. 

Coarse-ground 5 gm soil samples were leached with 250 ml 

neutral ammonium acetate for 1 hour, rinsed with ethanol 

then leached with 250 ml of 1 M sodium chloride solution. 

Twenty-five ml aliquots of ammonium acetate leachate were 

made to 50 ml with dilute hydrochloric acid and strontium 

di-chloride - for determination of magnesium, potassium, 

sodium and calcium concentrations by atomic absorption 

spectrophotometry, using prepared standards for calibra

tion. The "Tamm reagent" leachate method was used to 

extract aluminium. Total cation exchange capacity was 

determined from 20 ml aliquots of the sodium chloride 

leachates, from which ammonia was distilled with sodium 

hydroxide, collected in boric acid and titrated with 

dilute hydrochloric acid. 
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APPENDIX VIII 

RlMU DISC RING-COUNT AND MEASUREMENT TECHNIQUES 

Sharp chainsaws were used to trim off each rimu disc to 

leave a level surface, and usually this revealed much of the 

pattern. Then an electric plane was used to smooth at least a 

portion of the disc surface. Where the ring pattern was distinct, 

regular and concentric, several wide swathes from bark to pith were 

smoothed with the plane, but more often one or both entire faces of 

a disc needed to be planed. Greatest clarity of rings was obtained 

when discs were planed in a freshly-felled stste, then left to dry. 

Early-wood tended to shrink slightly, leaving the denser late-wood 

to stand "proud". fJ.'he electric plane blades were kept exceedingly 

sharp by honing regularly on a precision (maChine tool) grinder to 

give a flawless cutting edge and face, essential for obtaining a 

clean-cut on which growth rings would be readily visible. Discs 

were fillet-stacked indoors for one month to dry. 

The planed surface was then moistened with a linseed oil

turpentine mixture, lightly polished with cotton waste and examined 

through hand lenses of various magnifications. A variable-intensity 

white-light source was adjusted to shine across the rings at a 

shallow angle, adjusted so that the "proud" late-wood bands caught 

the light and lightly shadowed the slightly sunken early-wood bands. 

IIGetting the eye inti on narrow, indistinct rings required experi

mentation and perseverance. On fast-grown, concentrically-ringed 

discs, counts were made rapidly along one radii with a 5 x magnif

ication lens. False rings were apparently rare and of little real 

consequence if occasiona.lly undetected as ring counts were rounded 
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down to a whole-ten number (e.g. 799 or 791 rings would both be 

recorded as 790 rings), and width measurements (as made in 10-ring 

sets) were tens of times wider in fast-grown portions of discs than 

in slow-grown portions. 

Where growth rings were narrow, indistinct or !!wedged!!, 

10 x and 20 x magnification hand-lenses were required and repeat 

counts on several radii were made and compared. For discs cut low 

from stumps, and for some other discs in which the pith was grossly 

off-centre, were difficult to count accurately because of 

these "wedging!! patterns. Here a number of rings, in extreme cases 

as many as a hundred rings, converged to become a single, apparent 

ring for a small segment of the disc. On these discs it was some

times necessary to II stagger" the ring counting on a number of radii, 

over just about all the disc surface in extreme cases, to avoid such 

converging ring patches. ])istinct rings were used as a "trace" 

between these radii (see Photograph 1). 

Ring counts proceeded inwards from the bark, with the 

outermost edge of every 10th ring marked with a steel (dressmaker1s) 

pin. A pair of sliding vernier calipers then were used to measure 

the 10 ring-width sums, to the nearest 0.1 mm. Because measurements 

were taken with the calipers enclosing a pair of pins, all widths 

were over-measured by a constant of one pin diameter, 0.5 mm, which 

was later subtracted when10-ring sums were reduced to a mean ring

width per decade of growth. At or close to the pith,rings commonly 

were extremely narrow, hence difficult to count, and it was primar

ily for this reason that ring-counts were rounded down to the near

est 10, as mentioned above. 
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GROWTH PATTERNS ON RIMU DISCS 

PHOTOGRAPH 1 SEVERELY "WEDGED" RING PAT1'ERNS 

(10 rings counted between pins) 

PHOTOGRAPH 2 REGULAR,CONCENTRIC RINGS 



Due to the bulk of these discs and the 

which they were deteriorating by September of 1979, 

ately had to be disposed of. 

rate at 

unfortun-
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APPENDIX IX 

RIMU AGE/DIAMETER RELArr'IONSHIPS 

The age of each rimu disc has been derived from the number 

of growth counted, it being assumed that these are annual. 

The ring counts are not precise because of the difficulty of ident-

ifying rings in the th on and in fact all counts were 

rounded down to a whole 10 number. The discs were cut from stems at 

about breast height and no additions were made to the ring counts to 

allow for the seedling stage, The samples of rimu discs were how

ever taken from near the species altitudinal limits where average 

growth rates presumably are slower than for rimu populations over 

their entire altitudinal range. While the use of these rimu growth 

rates to derive age structures for rimu populations from much wider 

altitudinal ranges (see p 140-7, Vol. I) can be questioned, the 

imprecision of ring counts and the unknown times taken by stems to 

reach breast height are relatively unimportant. 

The rimu age/diameter relationships given here are pert

inent also to the derivation of prominent succession trends in 

Chapter 8; the size-association model assumes a significant relat

ionship between age and diameter for each species (p 172), It is 

not critical that the mean age of rimu has not been established for 

the smallest size class used in the size-association, 15 cm stem 

height - 2 em d.b.h.; with the large samples of stems and broad size 

classes used the mean stem age increases with successively larger 

size-classes (see p 141, Vol. I). All stem diameters were measured 

over bark. 
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RIMU AGE! DIAMETER RELATIONSHIPS 

HOLLY BURN DISC SAMPLE ( e size 126) 

iameter* Age** Diameter Diameter Age 

209 163 275 259 261 120 254 288 

2 270 205 1 262 290 395 320 

260 428 398 466 168 82 103 98 

283 362 125 224 298 390 0 543 

395 380 494 330 510 363 900 564 

615 390 792 464 390 510 150 130 

506 610 305 270 1000 596 497 503 

1070 540 400 612 480 618 700 746 

130 1 298 376 270 398 800 604 

400 552 407 428 590 4-90 693 604 

600 601 680 190 326 8 

1000 553 253 447 265 394 300 484 

588 8 800 567 390 480 390 630 

700 5 1030 470 497 540 700 560 

700 514 602 643 702 520 930 553 

800 5 810 674 490 410 490 573 

950 677 480 560 408 568 490 513 

500 530 498 615 700 586 803 5 

700 590 600 562 600 614 701 638 

1300 540 1 0 566 800 617 935 554 

960 544 502 570 580 490 502 440 

* mm. 

** Number of growth rings counted. 
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Holly Burn Disc Sample (Cont.) 

Diameter* Age** Diameter Diameter Age Diameter Age 

817 472 900 627 1045 626 600 680 

1118 530 1170 5 900 0 980 55 2 

960 609 900 642 690 580 1140 610 

800 637 683 57 0 595 608 700 404 

292 396 198 314 156 5 137 176 

198 426 294 346 158 369 300 35 0 

206 464 362 352 270 313 ·300 530 

301 544 1000 519 958 490 149 460 

1240 755 890 560 950 576 1035 559 

1000 638 1165 633 1125 602 1090 560 

1100 564 900 646 

GRANITY DISC SAMPLE (Sample size 125) 

700 623 505 595 139 380 700 700 

900 640 183 298 260 270 222 294 

297 244 303 493 260 248 414 317 

1080 798 301 353 300 460 410 470 

490 529 383 490 800 744 121 196 

102 139 109 240 104 257 100 123 

142 200 140 208 110 303 144 244 

590 610 367 535 482 490 511 430 

830 674 800 670 870 606 395 540 

382 494 400 403 430 597 420 570 

* mm. ** Number of growth rings counted, 
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Granity Disc Sample (Cont.) 

Diameter* Age-ll,--lI,- Diameter Diameter Age Diameter Age 

810 580 486 492 610 470 890 722 

415 230 290 410 415 590 253 295 

300 540 1010 623 900 682 800 690 

600 677 700 590 197 294 300 455 

178 310 199 370 229 440 210 333 

192 480 606 800 700 700 500 557 

800 450 900 840 500 550 496 403 

595 660 591 570 890 930 795 640 

940 770 700 450 900 740 791 870 

1000 700 . 1000 690 910 590 790 620 

830 745 700 610 195 4 940 950 

870 744 700 830 700 5 595 340 

397 609 900 710 600 440 580 430 

288 450 260 270 296 522 164 346 

179 25 0 304 564 295 309 600 657 

510 656 600 417 700 727 810 580 

700 735 506 620 700 725 500 700 

510 703 197 440 980 630 800 644 

835 543 960 643 830 592 770 ,98 

850 686 935 567 1000 740 955 657 

985 640 810 597 770 665 1040 485 

940 700 

* mm. 

** Number of growth rings counted. 
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TAUNOA DISC SAMPLE (Sample size '{O) 

Diarneter*'Age** Diameter Age Diameter Age Diameter Age 

382 35 2 235 280 102 330 382 632 

585 558 433 600 142 328 393 448 

109 247 95 193 406 656 434 532 

189 277 505 498 640 523 620 570 

465 453 385 426 148 237 329 328 

397 420 292 418 282 424 153 300 

293 363 538 463 296 387 562 545 

385 422 377 415 261 420 298 408 

394 403 800 705 440 393 474 824 

340 413 337 380 295 357 293 434 

199 343 428 420 200 324 425 380 

432 510 209 358 170 330 195 249 

190 273 800 580 660 580 75 0 566 

710 538 840 870 610 408 840 607 

710 434 740 676 790 655 720 593 

860 543 610 610 95 0 758 720 610 

870 793 800 682 75 0 577 740 669 

870 844 724 836 

* mm. 

** Number of growth rings counted. 
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In Westland the beech species are absent southward of the 

Taramakau Val for about 240 km. This central Westland IIbeech 

gap" has been the subject of considerable discussion (Cockayne, 

1928; Willet, 1950; Holloway, 1954; Poole, 1956; Robbins, 1962; 

Wardle, 1963, 1964; Burrows, 1965; J. Wardle, 1970) and some 

invest ion (Burrows ano. Greenland, 1979; June, in prep.). There 

is general agreeffient that the beech species are still in the process 

of re-colonising ground occu~ied the edmont ice sheets 

the last ial advance of the Pleistocene. Variations on this 

theme have been expressed: S. June (pel's. comm., 1980) ly 

has evidence that the beech advance is so slow that effects of 

al epochs previous to the most recent one must be considered. to 

the present distribution of beech. Wardle (1963) attributed 

the slow rate of beech return in to wetness and hi incidence 

of which favour the podocarp species; the Southern are 

highest and closest to the western coastline where beech 

is absent. Holloway (1954) suggested fluctuations in the advance of 

beech at both northern and southern margins of the beech gap, due to 

recent climatic change. 

At the northern of the beech gap, red beech in the 

Taramakau Valley is separated from the reffiainder of the red beech 

"front", in the Grey and Arnold Valleys, by a broad belt of podocarp/ 
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angiosperm forest. Holloway (1954, p 380) suggested the Taramakau 

red beech may be a separate provenance, derived from Hurunui Valley 

stands, in Canterbury. Comparison of forest patterns in the Tara

makau Valley with those in western Southland led him to postulate 

that red beech migrated over a low saddle from Canterbury and down 

the Taramakau Valley. There it migrated up-slope from riparian 

colonies to produce the altitudinal inverted pattern of podocarp/ 

angiosperm forest lying above the lower-slope red beech stands. 

This study set out, in 1974, to understand better successional 

relationships between beech and podocarp/angiosperm forest elements 

in the Taramakl:.l.u Valley. 

FOHEST PAT'I'ERN IN THE TAHAMAKAU VALLEY 

Where beech is absent the forest is podocarp/mixed 0-

sperHI. There is a lower-slope zone of rimu-dominated podocarp/ang

iosperm, a mid-slope zone of rata/kamahi/Halls totara, and an upper

zone of kaikawaka forest. Through these zones run narrow 

gullies of seral forest on unstable substratulI" kamahi-dominated at 

lower altitudes, small mixed-angiosperm higher up and Ilavalanche 

scrub" higher still (Wardle and Hayward, 1970). All of the above 

mentioned forest es merge into those adjacent to them, and into 

the beech forests described next. 

Red beech is prominent to about mid-slope on the south 

bank of the Taramakau River from its confluence with the Otehake 

River down-valley to the Otira River. On the valley floor it occurs 

for a few kilometers further downstream as scattered stands and, as 

rare individuals, much further still. Red beech is absent from t 

up-valley of the Taramakau/Otehake Rivers confluence, but does occur 
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again on the other side of a low saddle ( Pass) in Canter-

bury. Silver and mountain beech are both widespread in the Otehake 

Valley, of limited occurrence in the forest adjacent, and absent 

elsewhere in the Taramakau Valley. 

The study area included the entire known range of red 

beech on the south bank of the Taramakau Valley, plus immediately 

adjacent forest likely to include outlying red beech colonies - at 

altitude, further up-valley and further down-valley (see 

Figure 1). Around the fringes of the Ted beech distribution are 

small red beech stands, some 300 m and occasionally further from the 

main population. Some contain one or few large stems surrounded by 

many smaller ones, giving the appearance of colonies, but 

others, particularly at higher altitude and further up-valley, 

consist of a few ically large (up to 3 m d.b,h.) red beech over 

broad-leaved angiosperm storeys, These give every appearance of 

"relict" outliers from a once more-continuous distribution. However 

red beech is seral, colonising distuTbed sites then giving way to 

shade-tolerant elements of the surrounding podocarpjangiosperm 

forest. Gully-side land-slips on the Taramakau north bank have 

often been colonised by red beech, which forms dense, even-aged 

stands. Stable rock beneath other colonies which lack regeneration 

suggests a recession of red beech to podocarpjangiosperm forest 

(J.T. HoIIO\.,ray, peTs. comm., 1975). 

This study of the Taramakau Valley forests was originally 

aimed at explaining the limited distribution of red beech there, and 

as the subject is included in Holloway's climatic change othesis 

it is appropriate to ~eport it fully here. Its main purpose how

ever, is as an evaluation of the Zedler and Goff's technique (see 
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p 174, Volume I). Results from reoent studies of forest modifioation 

by free-ranging animals (Wardle and Hayward, 1970; Pekelharing, 

1981) and two separate studies of beech, podooarp and hardwood inter

aotion in this and nearby valleys (Burrows and Greenland, 1979; 

June, in prep.) are now available as oomparisons with the size-assoo

iation findings, 

DATA COLLECTION AND PROCESSING 

Plot design was derived from the Forest Researoh Insti

tutels forest reoonnaisanoe desoription plot (F,R,I. handbook; For

est Survey, Part I) whioh, although variable in size, was strictly 

oonfined to the forest assooiation and site oocupied by the plot 

oentre, It oomprised a ciroular plot of about 13 m radius for the 

ority of plots in the Taramakau study. These were located at 100 

m altitudinal intervals (as measured by a barometrio compensating 

altimeter) on transects spaced 0,6 km apart along the valley floor. 

All transeots ran direotly uphill from the valley floor forest mar

gin to several plot intervals above the altitudinal limit of red 

beech, Plots were not permanently marked. E size-olasses were 

used, with the following lower bounds: 0, 30, 183 (om) stem height; 

8, 15, 30, 61, 91 (em) d.b.h. over bark. Where a presence depended 

on a stem for whioh diameter oould not be estimated with oonfidenoe, 

a diameter tape was used. Any borderline stems were assigned to 

the olass above. 

Site data reoorded for eaoh plot inoluded: altitude, 

slope, aspeot, freedom of ground-water drainage (3 rankings) and 

physiography; in addition notes were made where forest suooession 

prooesses and/or their oauses were apparent - animal usage, 
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land-slips, windfall etc. A total of 503 plots were recorded and 

have been ass to forest (after \vardle and Hayward, 1970) 

on the basis of diameter class presences, as follows: 

Forest 
rata/ 

Type: red beech Halls totara kamahi Total 

o 
N- of Plots: 218 208 77 503 

(6 sample plots in silver beech forest have been aggregated with 

the red beech strata, and 9 plots in small osperm gullies with 

the kamahi strata.) 

RED BEECH INVASION? 

Initially all plots were analysed together to detect 

prominent successional trends between species. These were 

from regressions of association index on the species pair diameters, 

cant at the 0.05 (95%) or higher level. 

Silver beech was indicated to be 3 species: 

Halls totara, Pseudopanax and broadleaf; mountain beech 

was indicated to be replac 4 species: lancewood, rimu, quintinia 

and while red beech was indicated to be replacing 8 

species: lancewood, rimu, Pseudopanax simplex, kamahi, broadleaf, 

miro, wi and pepperwood. None of the beech species were 

shown as be replaced by any other species. Rimu can far out-live 

mountain beech, therefore this replacement trend may not be one that 

proceeds to completion, otherwise it is clear that the beech species 

are advancing. This advance is mainly into the rata/kamahi/quintinia 
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association (Wardle and Hayward's rata/Halls totara), called rata 

forest hereafter for brevity. Also evident is the fact that the 

beech species, themselves rather intolerant or quite intolerant of 

shade, are shade-tolerant, shade-forming species. 

Furthermore, the relati s suggest that red beech, 

perhaps mountain beech too, are advanc into podocarp-dominated 

forest, and that red beech seems to be in the process of colonising 

seral small angiosperm thickets (mainly wineberry). Rimu clearly 

regenerates in these thickets, as shown by its replacements of wine-

berry, pate and onwood. There is therefore the possibi that 

red beech may be competing indirectly with rimu, by leaving fewer 

sites for the latter to regenerate in, as well as by direct replace

ment of established rimu. 

Kaikawaka, a species for which a regeneration IIgap" has 

been suggested (Wardle, 1963b), is poorly represented by s 

in the Taramakau Valley except near its lower altitudinal limits. 

it is indicated to be replacing 7 species including 

kamahi, miro, broadleaf and marbleleaf. All the kaikawaka-replaced 

species are prominent in the rata zone - which lies immediately 

below the kaikawaka zone - and are common also in the small angio

sperm thickets of the unstable gullies which intersect both zones. 

A possible downhill movement of the kaikawaka zone is suspected but, 

because 

need a s 

the lower fringe of this zone was studied, this would 

te investigation to confirm. However, the suggestion 

that kaikawaka is regenerat 

angiosperms of the unstable 

stand processes 

the North Island. 

within and replac the seral small 

ies is consistent with kaikawaka 

ed by Clayton-Greene (1977) from 
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The size-association analysis indicates a cyclic success

ion in rata forest 

c Halls totara 

(x replacing ~ y) 

quintinia ~ kamahi 

~ 

~ rata 

This is in agreement with the well-established seral role of rata in 

Westland (Wardle, 1971). 

The data were then stratified and analysed by forest type 

to examine succession processes specific to type, and to compare 

the findings with those reported by other workers using other tech

niques, The results are shown diagralnatically in Figures 2 to 4. 

All significant replacement type relationships are shown by arrows 

linking the replacing species to the replaced species. Any converg

ent or divergent relationships between prominent species are dis

cussed where relevant. 

Rata Forest: Red beech advance into this type is clearly indicated 

(Figure 2), mainly at the expense of the prominent sub-canopy 

species - Halls totara, kamahi and quintinia, The previously

mentioned rata ~ Halls totara ~ quintinia ---7 kamahi 

succession is apparent again, though not cyclic, My interpretation 

of the relationships between beech and other species is that red 

beech invades the rata forest at an earlier stage than does mountain 

beech, in turn invading at an earlier stage than silver beech, 

although there is nothing to indicate that silver beech replaces 

mountain beech or red beech, It may be that the sites on which red 

beech replaces kamahi are not those on which mountain or silver 
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FIGURE 2 
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beech replace Quintinia, In fact few plots in rata forest contain 

more than one beech species, 

Kamahi is providing a suitable cover for the regeneration 

of many species intolerant of exposed conditions t a well-known 

phenomenon in the case of rimu (Cameron t 1954; Beveridge t 1964) and 

kaikawaka (Clayton-Greene, 1977). Kamahi is a shade-tolerant 

species which persists in the sub-canopy of many eQuilibrium forest 

types (Wardle t 1966). It is surprising therefore that many of the 

species apparently replacing kamahi are rather intolerant of shade 

(rata t mahoe t black matipo, mountain beech, red beech, silver beech t 

kahikatea and kaikawaka (J, Wardle, 1970; Wardle, 1971, 1974; 

Clayton-Greene, 1977). Possibly kaulahi crowns are opening out with 

maturity, provi sufficient light for the above-mentioned species 

to establish beneath, Indeed, the replacing shade-intolerant species 

are not in turn being replaced at all by shade-tolerant species 

typical of the rata forest understorey, e.g. pepperwood. In fact, 

species tolerant of dense shade - pepperwood, lancewood and seudo

panax simplex - are being replaced by others like mountain beech 

and mahoe which are intolerant of shade. Apparently the forest 

canopy is opening up, allowing an upsurge in the abundance and 

probably size of pioneering type species. 

It is likely that crown defoliation by possums has played 

some part at least in the apparent canopy deterioration. Possum 

browse to the degree of defoliation of rata canopies, and to a 

lesser degree of the sub-canopy kamahi is well established (Bamford, 

1972; Boersma, 1974). Aerial photographs of the Taramakau Valley 

have cleary shown severe canopy defoliation over the last several 

decades, with a conspicuous increase in erosion (Pekelharing, 1981), 
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FIGURE 3 
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Kamahi Forest: This forest is similar to the rata type but without 

a rata overstorey and is, at least on unstable sites at lower alti

tudes, a successional stage leading to rata-dominated forest (Wardle 

and Hayward, 1970). There is evidence that the beech species are 

invading the kamahi type (Figure 3), and again red beech is indicated 

to be invading thickets of seral angiosperm trees. Silver and 

mountain beech are replacing later successional stages dominated by 

kamahi, quintinnia and rata. As mentioned earlier, rimu and kahika

tea regenerate beneath seral thickets of small angiosperm trees like 

mahoe and wineberry, so although not shown to be direct replaced 

by red beech, it is likely that the faster-growing red beech is 

excluding these podocarps on some sites. Most of the Taramakau 

Valley floor not cleared of forest nowadays, is nearly pure red 

beech stands with little podocarp representation, but presumably 

podocarp stands occupied the toe slopes and least frosty valley 

flats before red beech invaded these sites. If, as Holloway (1954) 

believed, the red beech invasion was riparian init , then the 

valley-bottom podocarps would have been the first type to undergo 

replacement. 

There is strong support for Wardle and Hayward!s (1970) 

opinion that kamahi forest is seral. The size-associations indicate 

that oneering small osperm trees are replaced by kamahi and 

rata (as well as by broadleaf, pokaka and some other shade-tolerant 

angiosperms), which in turn are replaced by the canopy species -

kaikawaka and the beech species - as well as by the podocarps which, 

presumably, establish in the earlier small angiosperm stage. The 

successional status of quintinnia is uncertain. Clearly it is a 

nurse species for many shade-tolerant osperm trees and, as it is 

not shown to replace any species itself, it may be a pioneer. 
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Quintinnia does in fact form dense juvenile thickets on freshly

disturbed sites, particularly the upper, slump-prone rims of gorges, 

but usually beneath a sparse canopy like ~ature kamahi. However, 

these sorts of sites are most common on the north bank of the 

Taramakau and insufficient of them may have been included in the 

analysis for this relationship to show. 

Wardle and Hayward (1970) considered the kama~i type to 

rank highest in terms of ungulate browse damage and to be critically 

unhealthy, while the rata type they regarded as being in comparative-

ly good health. The size-associations however, point to effective 

regeneration of all canopy species in the kamahi type, so it may 

mostly be the seral small angiospera tree species that are being 

heavily browsed by deer. Furthermore, the size-associations clearly 

indicate some radical changes occurring in the rata type; these 

features do not support Wardle and Hayward's view of which forest 

type is the least stable. 

Red Beech Forest: The colonising role of red beech and mountain 

beech, in the beech adv&nce, is confirmed by their replace~ent by 

silver beech (Figure 4). Only red beech dominant forest was included 

in this analysis; here the beech species are continuing to replace 

the remaining kamahi/quintinnia/Halls totara element. Red beech is 

also replacing the terrace species - kahikatea and miro. As in 

the previous analysis, miro is showing no indication of replacing 

any other species, and rimu is replacing the thicket small angio

spern; trees. Hinau, an essentially lowland species about whi cll 

little is known, has relationships with kamahi and quilltinia which 

suggest that it is shade-tolerant. In general, most shade-tolerant 

species are dcing the replacing while most shade-intolerant species 
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are being replaced, suggesting stable, equilibrium forest, This is 

consistent with Wardle and Hayward's (1970) conclusion that red 

beech forest is healthy - in terms of animal damage. However, there 

is slight evidence that the kamahi/quintinia/Halls totara element is 

deteriorating; these species are being ced by e, wineberry 

and marbleleaf. kaikawaka is replacing a number of species 

and could be migrat at its lower limits, into the rata zone 

below. The rata ~ Halls totara --7 quintinia -----:> kamahi 

succession is again apparent, although not cyclic. 

DOWN-VALLEY MIGRATION? 

To test the hypothesis that red beech has recently 

down-valley, the data were stratified by area: Otehake to Pfeifer 

Valleys, Pfeifer to Otira Valleys, and down-valley from the Otira 

River. The results, shown in J?igures 5-7, strongly support such a 

hypothesis. 

In the Otehake Valley (J?igure 5) red beech is no longer 

invading very actively; its replacement by pokaka, e and kaika-

waka suggest that here the red beech stands are opening-up. In the 

field this is apparent, icularly on the southern slope of the 

knob which separates Lake Karapatakau from the Taramakau Valley 

ed 

floor. There (up to 4 m d.b.h.) red beech with spreading crownE 

are spaced widely over ominantly small osperm trees. Many 

of these red beech have low branches and some lack a dominant leader, 

Although such branchy form does represent the opportunities for 

lateral expansion which must accrue over the life of large red beech: 

it suggests also that these trees established in the comparative 

absence of competition. It seems obable that quite a number of 
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red beeoh oould lose their tops, through wind or snow damage and 

deoay, then produoe low branohes, The size-associations suggest 

that both red and silver beech are experiencing slight recessions to 

rata and kaikawaka forest types. The rata forest is, however, 

unstable; rata is shown to be replaoed by wineberry, and kamahi, 

quintinia and Halls totara by nearly all the seral small angiosperm 

trees. 

Further down-valley, between the Pfeifer and Otira Valleys 

(Figure 6) red beech and mountain beech are still advancing into 

kamahi/Halls totara stands, Red beeoh is being replaced by mountain 

beech, which in turn is b replaced by silver beech. There is 

evidence that silver beech is advancing into the kaikawaka zone. 

Overall, it seems the order of advance is first red. beeoh, then 

mountain beech, and finally silver beeoh. Also apparent is the 

deterioration (by possums?) of rata forest - shade-tolerant speoies 

most prominent in this type are being replaced by others less toler

ant - although the deterioration seems not to be so pronounced in 

this area, Other indicated processes have been previously mentioned, 

e.g. the Halls totara ~ kamahi~ rata cyclic succession, the 

apparent down-hill migration of kaikawaka, and the regeneration of 

rimu beneath seral small angiosperm trees, 

Down-valley from the Otira River (Figure 7) the red beech 

advance is indicated to be strongest. There the other beeoh species 

are absent. Red beech advance is into the kamahi types and the 

seral small angiosperm thickets, i.e. early succession forest. Kahi

katea, rimu and miro all show evidence of regeneration beneath seral 

osperm trees, The kahikatea ~ red beech relationship supports 

Wardle and Hayward 1 s (1970) comment that red beech may be seral on 
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FIGURE 5 

OTEHAKE-PFEIFER VALLEYS C 218 plots ) 

PSEUDOP.ANAX 

MOUNTAIN LANCEWOOD 

PSEUDOPANAX EDGERLSYI. 

PIGEONVJOOD. 

MAHOE 

Rnm. 

)\lOUNTAIN BEECH 

WINEBERRY 

PATE 

RATA 

IviARBLELEAF 

KAIKAWAKA 

HALLS TOTARA 

SILVER BEECH 

LANCEWOOD 

RED BEECH 

BROAD LEAF 

KAlvJAHI 

MIRO 

KAHIKATEA. 

QUIN'rINIA. 

PEPPERWOOD. 



- 95 -

FIGURE 6 

PFEIFER - OTIRA VALLEYS ( 137 plots) 

SILVER BEECH 

PSEUDOPANAX EDGERLEYT 

MOUNTAIN LANCEWOO 

Rn 

KAHIKA'l'Ei 

POKAKl' 

KAlKAWA 

IN BJij;~C} 

PA'l'E 

LANC E\tJQ 0 I 

IVlARBLELEA" 

PIGEONWOOD 

PSEUDOPANAX SH'IPLE' j 

HALLS TOTARI 

IV1IHO 

JVIAHOL + 

BROADLEAF J 
PEPPERWOOD 

HAT 



FIGURE 7 

OTIRA VALLEY DO\rlN - VALLEY (219 plots) 
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(valley-bottom) terraces. It could also suggest that red beech ad

vance may not proceed much further down-valley. A greater stability 

of the rata type is clearly shown here; the seral sIT.all angiosperm 

trees are not under-going an up-surge. It seems relevant that there, 

where the rata forest is stable, kaikawaka is showing no of 

do\m-hill on into the rata forest. 

ALTITUDINAL DECLINE OF RED BEECH? 

To test the hypothesis that red beech, near its uppel' 

altitudinal limits, has under-gone (or is under-going) a recession 

to rata forest, the upper fringe of red beech forest was ed. 

This stratum included the 3 highest altitude plots contai red 

beech, plus the plots of higher altitude still, from all lines in 

the Otehake-Pfeifer area, All plots were above 500 m altitude; 

most were between 600 and 700 m. In this analysis red beech was 

shown as being replaced by rata and kaikawaka, while silver beech 

was shown as be re aced by kamahi, lancewood and rata, 

then, the upper fringe of the red beech zone has been re-

invaded, perhaps marginally, by rata and kaiakawaka forest 

types. Alternative ,the replacements of beech could represent a 

redistribution in relative abundance of species rather than a shift 

in forest type boundaries. Here red beech replaces no species, 

silver beech replaces the shade-tolerant small angiosperm 

trees - broadleaf and pepperwood - while mountain beech is repla 

kamahi-quintinia stands. 
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CONCLUSIONS 

Two prominent forest successions are apparent. One is the 

invasion of the beech species, and apparently this has been down

valley and currently is slowing down. Red beech is the first to 

invade, into both the seral small angiosperm tree associations of 

the unstable gullies and the lower terraces, and the rata forest 

which prevails between the unstable ies and contains a podocarp 

element at lower altitudes. Certain replacement relationships 

suggest that a cyclic succession sequence: 

c Halls totara quintinia kamahi rata 

< 

is interrupted by the invasion of red beech, which takes the place 

of rata in replacing Halls totara, quintinia and kamahi. Mountain 

beech follows next, into the red beech - rata forest, and silver 

beech last - with less vigour than the other two beech species which 

pioneer the advance. This sequence has also been reported on, by 

S. June (in prep.) from the nearby Grey and Arnold Valleys. 

Furthest up-valley, where it seems the beech invasion 

occurred first, the rata forest zone and the kaikawaka zone have 

recently regained (or are currently regaining) some territory from 

the upper of red beech-dominated forest. This on-going 

replacement, and the excessively open-grown form of many large red 

beech trees near the specie~ upper limits suggest that during some 

prior period conditions enabling beech invasion were more favourable 

than at present. Burrows and Greenland (1979) have made a similar 

suggestion. 
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The second trend is the deteriorating condition of the 

rata forest; worst furthest up-valley and progress improving 

down-valley, It appears 10 cal to link these two trends. 

Up-valley, the deteriorat rata forest has been " out II -

from below by red beech, followed by mountain and silver beech, and 

from above by kaikawaka forest. Down-valley the rata forest is 

indicated to be relative stable and not to be invaded from above 

by kaikawaka, while the beech advance has not proceeded far from 

riparian sites. That is, the red beech and kaikawaka zones are 

separated by a wide, mid-slope belt of rata forest where mountain 

and silver beech have not yet penetrated, and where red beech has 

only infiltrated at the lower fringe, Possums have been identified 

as one of the causes of deterioration of rata forest (Pekelharing, 

1981), and have been present throughout the study area for in excess 

of 30 years (Best and Crosier, 1970). Possum colonisation of forest 

appears to have taken a few decades and has occurred in both 

up-valley and down-valley directions from separate liberations 

(Bamford, 19 Pekelharing, 1981). The red beech invasion has 

ce been going on for very much longer. For example several 

very red beech occur in Nelleys Creek which, apart from a few 

se 4 km down-valley (behind Jacksons Settlement), are the 

furthest down-valley red beech in the study area. 

While the influence of possums in the deterioration of 

rata forest undoubtedly has been major, the relationship between the 

condition of rata forest and its invasion by both beech and kaikawaka 

forests suggests that other, much longer-term factors have been 

involved. A climatic c , either a major one as envisaged by 

Holloway (1954) or a minor fluctuation as suggested by Burrows and 

Greenland (1979), is a possibili There is then, the danger that 

tmlVERSl'IY OF CANTERBURY 
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the role of possums in contribut to the deterioration of rata 

forest could be over-simplified when this phenomenon is studied in 

detail, Similarly this study has undoubtedly over-simplified 

forest successions, However there is sufficient agreement between 

the process interpreted from the size-associations and those noted 

other workers in the area using different study methods to 

demonstrate that size-association is is reasonably perceptive, 

and reliable if interpreted with caution. 
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XI 

EXAMPLES OF SILVER BEECH GRmv'TH RATES ** 

Diameter Growth in a Regenerated Silver Beech Stand on a High 

Quality Site: 

POURAKINO VALLEY 

DATE:- 1887 1947/8 

AGE: 

(yr. ) 

D.B.H.*: 

(over-bark 

em,) 

TREATMENT: 

c. 1887 Milled, 

1947/8 Thinned. 

58 

1957 

34.5 

1964 A few poles removed. 

1962 1965 1970 

72 74 75 80 

35.3 37.8 

1975 

* Mean of Approx. 100 trees. (Height growth levelled out at 75 yri 

** N.Z. Forest Service e Plot file, Tuatapere. 
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Silver Beeoh Growth Rates (Cont.) 

Diameter Growth in a Regenerated Silver Beeoh Stand on a Moderate 

Q,uality Site: 

WOODLAW FOREST 

DATE: - 1935 1941 1946 1951 1976 

AGJ:i~ : 33 44 49 65 74 

(yr. ) 

D.B.H.*: All All 19.6 21 .8 28.4 31. 7 

(o/b. om. ) about about 15. 0 18.0 25.1 28.4 

8.9 11.4 18.8 21 . 1 25.1 26. 1 

15.7 18.3 23.6 26.4 

15. 0 17 .8 22.9 25. 6 

19.3 21 .3 26.4 28.7 

15.2 17.3 23.9 26.7 

13.5 16.0 24.4 27.9 

22. 1 26.7 35. 0 38.6 

21.1 22.9 27.4 28.7 

14.0 16.5 21. 3 23.4 

19.3 21 .8 29.2 32.8 

11 .9 14.2 23.9 28.7 

10.9 13.7 21.1 .5 

19.3 21. 3 27.9 31.0 

* 15 trees listed individually. 
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Silver Beech Growth Rates (Cant,) 

TREATMENT: 

c, 1900 Virgin stand burnt. 

1935 Thinned from 4000 to 2700 stems/acre. 

1941 Crown closure occurred. 

1946 Thinned to 1200 stems/aore. 

1951 Thinned to 440 stems/aore. 

1956 Thinned to 420 stems/aore. 
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APPENDIX XII 

ECOLOGICAL CHARACTERISTICS OF THE SPECIES USED IN 

It has been stressed that correct interpretation of size-

related association between species s in terms of succession 

processes depends very much on a sound knowledge of the autecologies 

of the sp~cies involved (p 175, Vol, I). Species with a narrow, 

well-defined role in the forests should present little difficulty 

in interpretation, but species with wide eco cal amplitude may 

icipate in various successions, and on various sites. Further, 

some versitile species behave, this far south, slightly differently 

than do in North Island forests, for e. Cons the 

known behaviour and successional roles in the Longwood forests of 

each species analysed needed to be outlined before the relatio 

were interpreted. This is done so here, partly upon my 

experience in the Longwood and other western Southland and some 

Fiordland forests, and supported by reference to regeneration, 

stocking and growth rate data, 

RUlli: 

timum habitat for rimu within the ad forests is 

ridge-crests in the mid-slope zone of the Waimeamea Basin; stock

ings there can locally exceed 100 trees/ha (see Photograph 1 over 

the page), Abundance of rimu regeneration is discussed in Chapter 

7; it also declines with distance from the coast, towards both the 

upper and lower margins of the mid-slope podocarp ches, and from 

ridge-crests towards gully bottoms. With a , cool, temperate 
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HIGH STOCK INGS OF RU'IU 

PHOTOGRAPH 1 !v!J\TURB 'l'H8ES IN VIRGIN FOHEST 

PH O'rOG RAPH 2 SBBD LING S LSrl'ABLI SHED BENEATH POS'l'-LOGCING KJ\l·lAH I 

- ON 'l'HE \,vE~;rrEHN FLANK lVJ ID-SLOPl~S 
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climate - like the Waimeamea mid-slopes - rimu can successfully 

compete as a coloniser with broad-leaved angiosperm shrubs and 

small trees which are faster-growing on most sites. Rimu regener

ation is prompt there to follow severe disturbance, e.g. fire, land

slip or on log hauler "stands", although not in the concentrations 

found in the old Port Craig workings on the South Coast. Where dis

turbance of vegetation and soil has been less, and in all places on 

the eastern lee and northern hinterland sides of the Range, rimu 

tends to be a later succession species, establishing mostly beneath 

maturing hardwood canopies (see Photograph 2, p 105). There the 

strategy of rimu seems to be prolonged, infrequent but persistent 

establishment; the species is intolerant of dense shade but equally 

intolerant of frost, drought, fierce competition from pioneering 

angiosperms, or some other factor associated with a lack of over

head canopy. 

Rimu regeneration is seldom present directly beneath a 

dense podocarp nanopy, in fact it is rare to find seedlings within 

about 5 m of a mature rimu tree. In the drier localities like 

Woodlaw Forest this zone devoid of rimu juveniles extends to about 

10 m from rimu trees. Endogenous mechanisms like allelopathy have 

been suggested (B. Molloy, pers. comm., 1978) in explanation of 

this widespread phenomenon (Beveridge, 1973). 

Where competition from small angiosperm trees is intense, 

juvenile rimu can "stagnate" for prolonged periods (Franklin, 1968; 

Beveridge, 1973), and can be quite old. Once individuals penetrate 

the canopy growth rates increase markedly to peak at about 200-300 

years of age, apparently when they become emergent, then gradually 

decline with old age, (Diameter growth rate data from 322 rimu 
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stem discs are given in Appendix IX), Mortality of rimu is rarely 

evident; the unhealthy and dead rimu juveniles of the lVIerri vale 

area (see Chapter 5) are exceptions, A life-span of 800-1000 years 

is envisaged (Franklin, 1968); the maximum ring count from a Long

,wad disc was 997, Dispersal of rimu seed is mainly by frugivorous 

birds, particularly in the case of extensive heavily-logged forest 

lacking rimu seed sources. However, an experiment (see Chapter 7) 

suggested that dormant viable rimu seed may accumulate deep in the 

litter layer of ~irgin stands. 

MIRO: 

Although referred to as one of the large podocarp species, 

miro trees are seldom emergent and do not gain the large diameter 

that rimu, true totara, matai and kahikatea do, The greatest 

dimensions and concentrations of miro occur in the mid-slope podo-

carp patches on the eastern side of the Mira is virtually 

absent in the Kerrivale Basin. Clearly the species has a narrower 

ecological amplitude than rimu, in the Longwoods, extending less 

deeply into small osperm-stocked gullies, and not quite to the 

same altitudinal limits. From the thermometer readings it seems 

that miro is less hardy than rimu. At beech-podocarp ecotones adult 

miro disappear abruptly , .... i th the appearance of silver beech; emphe

meral miro seedlings can be common, indeed abundant, in the open

canopied beech/scattered podocarp forest. 

The life-span of miro is thought to compare with that of 

rimu (Hinds and Reid, 1957). The species is a late-succession, shade

tolerant one in the Longwoods. It seems to me that miro prefers a 

damp, fro t-free, temperate climate more than rimu does, but it is 
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less tolerant of the cool, perpetually cloudy conditions of coastal 

Southland. 

TOTARA: 

No distinction was made between Halls totara, true totara 

and putitive hybrids of the two for the size-association study. The 

last two mentioned have a restricted occurrence, and the necessary 

collection of seed capsules for positive identification of individ

uals not obviously Halls totara would have been laborious, Despite 

the ITarked intolerance of shade shown by true totara on certain 

Central North Island sites (McKelvey, 1963), the predominantly Halls 

totara in the Longwoods are quite tolerant of moderate shade. They 

grow in the open only on sites apparently too harsh for other 

species to colonise, e.g. dry, rocky ridges. Thus the species 

normally complete their life cycle beneath a canopy, but perhaps 

this is faculative rather than obligatory. In the heavy shade of 

dense ridge-crest podocarp stands Halls totara may never develop 

beyond a bushy shrub. habit - characteristic of juvenile stages in 

better light conditions. 

Although Halls totara is ubiquitous in the study area, 

extending almost to timberline, nowhere is it dominant. A life-span 

of up to 1000 years is suspected (Hinds and Reid, 1957), and in the 

Longwoods senescent, seemingly very old trees are common, Moribund, 

lichen-draped Halls totara are concentrated on knobs in the mid-

slope podocarp patches, but the si cance of this is unknown. 

Perhaps they have a history similar to the concentrations of mori

bund Halls totara in other forest, like Westland, where defoliation 

of the overhead rata canopy by possums seems to have adversely 



- 109 -

affected the totara too, The wood is durable so concentrations of 

dead totara might represent mortality over long periods. Massive 

die-offs of true totara have occurred in Central North Island 

forests, It can be expected that size-associations will show totara 

to be replaced by other species. 

MATAI AND KAHlKATEA: 

The widespread lack of regeneration of these two pioneer

ing species in mature stands, and the open nature of sites where 

they are regenerating, have been adequately discussed in Chapters 5 

and 7. The shade-intolerance of matai and kahikatea is well estab

lished (Wardle, 1974; McKelvey, 1973). In the Longwoods both 

species regenerate mostly in seral associations manuka following 

fire or small angiosperm trees following logging. Hence it is 

likely that size-associations will indicate replacement of matai and 

kahikatea by other species more tolerant of shade. ~iJ.aximum life

spans are probably close to 1000 years, The distributions of both 

species suggest that they ar0 tolerant of more continental climates 

than rimu is, being able to withstand frosts and droughts. 

SMALL PODOCARP SPECIES: 

Mountain celery pine and pink pine are both common upland 

species that occupy a few harsh sites at lower altitudes, e.g. 

following disruption of vegetation, soil or water drainage to create 

harsh, boggy conditions. Land-slips, or compacted or removed soil 

and often dence of water drainage as well at log-hauler "stands!! 

provide such sites~ particularly for celery pine. Probably the 

species are hardy and tolerant of poor drainage, competing well on 
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harsh sites which most are in the montane zone, Such wet, cool 

boggy conditions are more common with increasing altitude and prox

imity to the southwest corner of the Longwood Range, and there celery 

pine occurs most abundantly in mature forest, regenerat 

heavy shade and reaching the canopy in height. Pink 

freely in 

are most 

common as bushy shrubs on the exposed peaty tops of the Range, but 

are prominent as erect, slender trees in the stunted, montane podo-

carp of the southwest. There the celery pine correspond in 

morphology with the !!lowland ec II as defined by It/ardle (1969), 

typically 30 cm d.b.h. and 10-12 m in hei Janson, (1938) 

described and provided a photograph of several very large, clearly 

1I10wland ecotype" individuals from the Pourakino Valley mid-slope 

forest. 

Both celery and pink 

found at lower altitudes 

ne fringe swampy ground, the latter 

on very po drained sites. A 

progressive decline in stockings of pink pine in transitions from 

swamp to high forest may reflect a swamp-infil succession in 

which the species is replaced by others less mesic, Wardle (1963c, 

1969) suggested probable life spans of 200 and 1000 years respect

ively for celery pine and pink pine. The branch-layering mode of 

celery pine regeneration described by Wardle (1969) apparently is a 

sub-alpine phenomena, one that does not occur in the Longwood 

forests. 

RATA: 

Rata plays a pronounced seral role, especially so to the 

west on exposed, well-drained sites towards upper limits of the mid

slope podocarp zone, There in full sunlight, it develops as large, 
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bushy individuals or tight thickets of erect stems to form a 

conspicuous element of seral small oaperm thickets, Following 

logging or windfall, rata can coppice from smashed trunks and put 

out aerial roots from fallen trees, However, in mature forest most 

trees are huge, with irr@ense spreading crowns. The fewer, smaller 

rata stems almost invariably join to larger, prostrate trunks at, 

or just below, ground level, and it was difficult to as rata 

stems to diameter classes. This relates to the apparently nci 

means of rata regeneration in undisturbed forest, as described in 

Chapter 5. The huge canopy trees lean out from the slope, eventual 

topple-over slowly and put out aerial roots where the crowns or 

trunks become close to th ground, or layer from prostrate branches 

pressed into the ground. 'rhe result is "new" dense tangles of 

twisted rata stems that grow up from the !!old!! prostrate trunks, 

this toppling process the intolerant rata create gaps in the canopy 

and fill them with a profusion of erect stems. Wardle (1971) has 

reported this on mechanism from \<Jestland, as well as the 

seral role of rata on land-sl and rupestrine sites and subsequent 

succession to high forest. He suggested that rata is slow-growing 

(with an estimated life-span of 400-500 years) and so is often 

surpassed in the early succession s 

except on harsh sites, 

KAMAHI: 

s by faster-growing species, 

This ubiquitous species is a sub-canopy tree of all forest 

types sampled, except those in the dry, northern forests such as 

Woodlaw. It is probably the most shade-tolerant of the large tree 

species found in the Longwoods, although mature kamahi can withstand 

full sunlight after logging of merchantable canopy species. Old, 
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even partially-rotting kamahi stumps can coppice under heavy shade, 

and like rata, smashed stems often coppice. Where logging or wind

fall has not been totally devastating, kamahi often re-grow to form 

a dense, moderately-high canopy. In de~se podocarp stands the spec

ies suckers from roots, apparently a principal means of regeneration 

there. Indeed kamahi can colonise disused logging roads by sucker

ing from sub-surface roots. It also seems that kamahi has the abil

ity to graft roots between individuals, for a stump buried and grav

elled-over during road construction has been observed exuding fresh 

sap years later when exposed by traffic. Kamahi also establishes 

epiphytically, often doing so on tree-fern trunks, .or on the ground 

as seedlings. 

These characteristics suggest that the species is well 

adapted to regenerate in heavy shade and amongst strong competition 

from other species in equilibrium forest, where it is nearly always 

a vigorous under-storey element. Thus the prominence of kamahi in 

most forest types relates to its versatility, coppicing and sucker

ing after catastrophic disturbance and, at a reduced level, in the 

deep shade of mature podocarp stands. However, on warm, damp sites 

faster-growing species can fully occupy light wells and clearings. 

There kamahi is a late-succeqsion, shade-tolerant species, gradually 

building-up in stocking with the successional rEturn to mature for

est, as has been established elsewhere (Mark et. al., 1964; Wardle, 

1966). In the northern Longwoods kamahi prefers damp, shady gully 

sites, and in Woodlaw forest the species is known in only one deep, 

south-facing gully system, i.e. it is intolerant of drought. A life

span of at least 250 years has been suggested (Wardle, 1966). 
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SILVER BEECH: 

Silver beech displays wide ecological amplitude in western 

Southland, occupying many habitat types. It also grows fast comp

ared to other large species like the podocarps, so it is a highly 

competitive species on many sites. Tilere is however, considerable 

variation in vigour as silvicultural experience with the species 

over the past 40 years has shown. Close to the coast, where humidity 

and rainfall are highest, silver beech growth rates are fastest but 

heavy undergrowth can impede regeneration. Farthest inland growth 

rates are slower and prolonged dry spells in summer apparently are 

responsible for poor survival of regeneration. In between these 

extremes, for example on the leeward side of the Longwood Range, 

silver beech regenerates freely and attains good growth rates 

(Williams and Chavasse, 1951). 

In the Longwood forests silver beech advance growth (sup

pressed seedlings) is abundant beneath most beech-dominated stands, 

except in the extreme north where tuft-tern ground cover prevails, 

Only when the overhead canopy opens-up, usually as individual trees 

fall, does the advance growth respond with a burst of rapid growth to 

occupy the opening rapidly'and often completely. Furthermore this 

silver beech occupation tends to be permanent, with small enclaves of 

see passing, within 30-40 years, through thicket sapling to 

closely spaced pole stands beneath which few tree species can estab

lish (see Photographs 3-5, p 114). On silviculturally "optimum" 

sites for silver beech, such as in the Pourakino Valley, Idcally 

complete clearance of forest (as from gold mining or bush tram con

struction) has resulted in dense, cherry-bark pole stands of fast

growing silver beech. Only after 50 or more years from establishmeni 
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do these pole stands open-up in the canopy to permit Halls totara and 

kamahi establishment (Forest Service Sample Plot files, Tuatapere). 

If silver beech has a weakness in its competitive strategy 

then this relates to seed dispersal, which apparently is restricted 

to the locality of the parent tree, except down steep slopes, on ex

posed forest margins, and possibly down streams via water (Holloway, 

1954; Preest, 1963). However, Baylis (1980) has suggested that the 

faculty of silver beech to establish on fresh alluvial sites, and its 

concentrated distribution alongside waterways relates to high avail

ability of phosphorus in the raw soils, an element which the species 

obtains via rnycorrhiza on mature soils. Thus it may be that the 

species can distribute seed widely but where these reach new terri

tory their success is confined to soils rich in available phosphorus. 

Certainly the seedlings demonstrate hardiness to severe frost, and 

the riparian-concentrated distributions may relate to cold air drain

age. Good seed years are restricted to once about every 5 years, 

apparently following a warm summer (williams and Chavasse, 1951), 

Plainly silver beech competes well in equilibrium forest with its 

advance growth ready to take advantage of increased light conditions, 

yet the species has as well the ability to respond to widespread 

catastrophe with profuse regeneration. 

Silvicultural operations with silver beech in western 

Southland have demonstrated that wide openings of mature beech can

opies usually promote abundant regeneration, fast growth and hence 

densely-stocked stands provided seed trees are left and preferably 

the mineral soil is exposed; but not so with partial canopy opening. 

This can enable certain small angiosperm trees in coastal localities, 

or tuft-fern further inland to colonise thoroughly the small openings 
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and impede development of well-stocked stands (Williams and Chavasse, 

1951). Silver beech can live to about 600 years of age (Hinds and 

Reid, 1957), and growth rates are reasonably constant throughout 

life, although considerably variable between individuals. 

POKAKA: 

This sub-canopy tree does not occur in concentrations any

where in the Longwoods, but is most abundant and attains maximum 

stature in the least-dense forest types such as lowland mixed-podo-

carp/small osperm tree or mixed beech/podocarp of the north-east. 

There the species would appear to be somewhat intolerant of shade, 

in that it favours open canopies. In comparison, pokaka regenerates 

in dense shade in the montane, stunted podocarp forest of the south

west Longwoods. There the species probably never grows larger than 

a shrub and seldom develops mature foliage. Yet, at lower altitudes 

in the temperate coastal forest of the southern and western Longwood 

flanks, pokaka seems quite intolerant of shade. This variation in 

habitat and habit suggests that possibly pokaka specialises in util

ising sites unfavourable to other species, the dry hinterland and the 

wet, cool montane coastal forests, although it is not impossible that 

several distinct ecotypes are involved. 

Over large areas of the lowland mixed-podocarp/small angio

sperm forests pokaka is, like the podocarps, present mainly as very 

large, seemingly old individuals unaccompanied by smaller forms 

except on a few warm, damp sites. About and slightly above the upper 

limits of podocarp forest on the southern Longwood flanks are pockets 

of atypically large pokaka together with bushy, juvenile-fol 

pokaka shrubs without forms in between these, as described in Chapter 
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5. Thus both in semi-montane and lowland habitats there is evidence 

suggesting that conditions were once more favourable for pokaka 

regeneration and growth. 

SERAL SMALL ANGIOSPERM TREES AND SCRUE: 

Manuka is incapable of regeneration beneath its own dense 

stands (Eurrell, 1965). The species is a vigorous coloniser of dry 

sites following fire and, to a lesser extent, following most other 

types of severe forest disturbance in the low rainfall hinterland, 

Apart from a restricted niche in bogs, manuka is not found in equi

librium forest. Wineberry and pate are also pioneering species, 

particularly on warm, moist lowland sites, but they also have a niche 

in mature forest; in gullies, on talus sites and stream sides. 

These species dominate the early-succession angiosperm thickets that 

follow logging of podocarp stands. 

OPEN-FOREST SlvlALL ANG IOSPERH TREES: 

A number of angiosperm species display distinct preference 

for open-canopied forest in which they appear to have a well-estab

lished niche, i.e. they are not necessarily seral. Pennantia corym

bosa is strictly a lowland species of the matai and kahikatea-domin

ated forests, which are never dense of canopy, and of the relatively 

open silver beech stands of Woodlaw and Merrivale. Regeneration is 

not abundant and likely the species is moderately shade-tolerant, 

~or it has never been noted in early succession vegetation. Red 

mat 0 also fits this description; it is a small tree that is most 

abundant and of largest size on warm, well-drained sites under open 

canopies. Although not prominent as a coloniser, red matipo can be 
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found in second-growth communities. Kowhai is a forest margin spec

ies of warm, very well-drained full sunlight habitat, such as aband

oned farmland. 

MID-TOLERANT SMALL ANGIOSPERM TREES: 

A number of angiosperm species are neither clearly seral 

nor completely shade-tolerant, having secure niches in equilibrium 

forest and in the later stages of post-disturbance succession. 

Marbleleaf, fuchsia and lemonwood favour sparse canopies in equilib

rium forest such as the lowland mixed-podocarp/small angiosperm tree 

type. They are also prominent within the low, dense thickets which 

occupy gully bottoms between the podocarp-stocked ridge-crests of 

the mid-slopes, Marbleleaf adapts to light conditions by varying the 

size of its leaves; small in full sunlight and large in shade. The 

ubiquitous broadleaf can be included in this category for it is pro

minent in the gully thickets and also in the post-logging second 

growth, but the species can establish in moderate shade. Tiny broad

leaf seedlings are abundant beneath most types of forest although 

without a certain level of light these apparently are ephemeral, 

Certainly mature broadleaf can tolerate full sunlight, where they 

persist with a spreading habit following logging. Broadleaf surviv

ing on well-established farmland indicate that the species has a 

life-span of at least 100 years. 

SHADE-TOLERANT SJVlALL ANGIOSPEHlvl TREES: 

Five-finger is a moisture seeking species common on gully 

bottom and stream-bank sites in partial shade, but can pioneer where 

climate is cloudy and humid, e.g. in the southwest Longwoods. It is 
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particularly sought by deer for browse and thus is virtually absent 

in deer-frequented localities. Lancewood is more tolerant, at least 

while with juvenile foliage and is common beneath mature rimu-domin

ated stands and beneath the dense angiosperm canopies that develop 

after logging. Mature lancewood attain canopy height in the small 

angiosperm tree thickets beneath the sparsely-stocked matai, kahika

tea and rimu of the northern, lo~land forests. 

Pseudopanax simplex is a widespread, shade-tolerant small 

tree with a range including montane silver beech forests. Along 

with kamahi it is one of the few other sub-canopy species in pure 

beech stands. Pepperwood is probably the most shade-tolerant speoies 

included in the size-association model, occurring in lower tiers of 

most forest types except the dry, hinterland beech forests. It is 

usually the first understorey species to die-out if radical canopy 

opening occurs, and it is never found in pioneering associations. 

Pepperwood will therefore probably be shown as replacing most other 

species unless canopy deterioration is occurring (as was found in 

the Taramakau study, Appendix X). 

As can be gathered from this summary of the species eco

logical characteristics, few species included in the size-association 

model are exclusively pioneering, a reflection of the stable, virt

ually catastrophe-free nature of the virgin Longwood forests. A few 

other seral species that do occur were either insufficiently common, 

or too small in size to warrant inclusion in the model, 
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APPENDIX XIII 

SIZE-ASSOCIATION ANALYSIS: SAJVIPLING PROCEDURES 

AND SOME ASPECTS OF ANALYSIS 

SAMPLING PROCEDURES: 

Plots were located at paced 150 m intervals on a system

atic grid pattern, using a compass, map and aerial photograph for 

direction. Where difficult terrain prohibited pacing, such as 

across deep gullies, a sufficient distance was estimated but the 

final 50 m to the next plot was always paced. vlhere both silver 

beech and at least one podocarp stem were not present on a potential 

plot (within 10 m of the point located 150 m from the previous plot) 

the pre-determined direction was followed until within 10 m of a 

stand containing both beech and podocarp stems. For extensive areas 

of silver beech containing scattered podocarps this plot location 

procedure often amounted to following a compass bearing until 

chancing upon a podocarp stem. As a check against possible bias 

through overlooking small podocarp stems, a note was made of small 

podocarps seen between plots, for comparison with those sampled in 

plots. No difference was found. The only bias believed possible 

would be from over-looking seedlings beneath tuft-fern (which can be 

1 m high), but there podocarp seedlings are so rare as to have virt

ually escaped recording even with the 20 m square analysis plots. 

Plots were not permanently marked, but were "blazed" with 

paint to assist in obtaining a systematic coverage of the forest 

with plots. The plot radii were measured on the slope of the site, 

and two 20 m tapes were laid out at right-angles to indicate the 
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plot boundary at four points. It was unnecessary always to layout 

the plot b and constantly use the stem calipers because with 

presence-absence recording a stem obvious within the plot and 

within a certain diameter class eliminated concern about other stems 

of that species in that diameter class. Identification of species 

and assignment of size class presences was done entirely by myself. 

An assistant was available on alternate weeks and he did the data 

booking and ot locat Thus for half the 

the possibility of any bias through my select 

locations. 

ots this eliminated 

the plot centre 

Site information collected at each ot included altitude, 

aspect, slope, ground-water drainage (ranked in three classes), 

physiography (in classes), forest type (after the National 

Forest Survey), dens of tuft-fern (in four ), occurrence 

of surface rock or shallow soil (stem caliper served as a soil 

probe), cultural or natural disturbance, and any other evidence of 

stand origin or on- process. Plot positions were marked on 

1:10 000 scale National Forest Service type sheets with 

degrees of accuracy, mainly on distinctness of topography. 

Data were processed with the size-association model 

discussed, and are stored on a magnetic tape file. 

SIZE: 

In size-association is, plot size is an 

ously 

ortant consideration as all species-pair relationships are a 

function of it. Zedler and Goff (1973) used 0.08 ha plots and 

concluded that because their concurred with those derived 

by other methods, this plot size was near optimal for their forest 
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(which tended to be somewhat even-aged and to follow regular cyclic 

successions), Clearly plots must be large enough to capture at 

least two species, but not so large as to include the majority of 

size classes for the majority of species, or even for anyone species 

There is no basis for using a species area-curve approach to defining 

optimum plot size, because the objective is not to describe forest 

associations. Rather, the objective is to reveal changes in compo

sition of forest stands as these age, and ideally the plots should 

match the scale on which forest successions are taking place, 

In mature forest where catastrophic influences are rare 

and then very localised, such as virgin forest in the Longwoods, 

canopy turn-over apparently occurs as individual trees fall (although 

podocarp stand rene,,,ral mechanisms are not thoroughly understood). 

Regeneration of silver beech does take place on a slightly larger 

scale, in enclaves vacated by individual or small groups of trees 

(Williams and Chavasse, 1951). Thus an optimal plot size for this 

equilibrium type forest is thought to be one in which a number of 

different canopy species can be included if the stand is mixed in 

composition, but not so large that any portion of the plot can be 

well outside the sphere of influence of a dominant tree. Accordingly, 

a plot of 10 m radius (0,031 ha in area) was chosen. (1 used 0.040 

ha plots for an earlier investigation of the technique and found 

these sometimes to include diverse successions). 

DIAMETER CLASSES: 

Zedler and Goff used adjacent 2,0 inch (5.0 cm) diameter 

classes, but did not justify their use other than to mention that 

the probability of joint occurrence of entities is a continuous 
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function of stem size, and therefore that the use of regular, 

discrete diameter classes is not necessary. That is, they believed 

it was a matter of choice in how precisely association was plotted 

over the diameter range. The possible use of unequal-width diameter 

classes needs more discussion. 

Diameter class width, along with size and number of plots 

used, determines how many of each entity are sampled. Numbers of 

joint occurrences of entities in the diameter classes are derived 

from the numbers of single occurrences of each entity in the diameter 

classes on the same plot. There is no obvious reason why the ratio 

of joint to single occurrences should be biased by the inclusion of 

occurrences from two different-sized intervals, provided both samples 

include sufficient numbers of entities to represent the populations 

that they claim to do. In fact the use of equal-diameter classes 

does not ensure equal-sized samples of entities, because normally 

mortality provides diminishing numbers of the progressively larger 

diameters. 

Consider the factors which determine the number of each 

entity sampled: ot size, diameter class width, and the spatial 

distribution of entities. This latter can be thought of as the 

spatial distribution of species and the distribution of diameters 

within each of these, which most often are contagious and inverse 

J-shaped, respectively. It follows that unless a species pair both 

have rectangular diameter distributions and spatial distributions of 

similar contagion, then the use of regular diameter classes must 

result in sampling different numbers of each entity, Small diameter 

entities of ubiquitous, randomly or regularly distributed species 

will be over-sampled compared to -diameter, contagiously 
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distributed entities which, in the case of rare species, may consti

tute empty cells in the model. It is theoretically possible to 

delineate diameter class bounds so that equal probabilities exist 

for the capture of an individual in each cell, thus minimis cells 

in which occurrences are too few to indicate reliably the inter

specific relationships sought. To do so optimally would require 

knowledge of the degree of departure from randomness of species 

distributions in the field and of their diameter distributions, and 

would require also a separate diameter class delineation for each 

group of species unique in these respects, This is impossible. 

Instead, discrete, consecutive diameter classes spaced increasingly 

wider for the larger size classes were used for all species, in 

expectation of pronounced inverse J-shaped diameter distributions 

and of increasing variability of age with diameter. 

Nine diameter classes were used. Lower bounds of each 

size class were 15 cm stem height, 2, 5, 10, 18, 28, 41, 58, 91 cm 

d,b,h. Diameters were measured with a pair of sliding steel stem 

calipers, although once accuracy was achieved in estimating stem 

diameter the calipers were required only for measuring stems border

line in size between classes. For grossly irregular-sectioned stems 

two diameter measurements at 'right-angles were taken and averaged, 

and any stems exactly border-line in diameter were assigned to the 

larger class, Seedlings shorter than 15 cm in height were ignored 

as many of these were not potential trees, and because heavy tuft

fern would have made their detection difficult in places. Epiphytic 

stems were recorded only for species known to develop commonly to 

mature size from epiphytic origin. Twenty-six small tree and larger 

species were inoluded in the analysis. 
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MEASURE OF ASSOCIATION: 

Zedler and Goff explored their model by using a number of 

association measures: correlatipn coefficient, tetrachoric 00-

eff'icient, and a simple frequency measure. They- concluded that it 

was not hypeTSGYlsitiv8 to the type of association measure used. 

They cbose Cole'S index of jntel'-specific association, apparently 

in view of the advantages claimed for this index (Cole, 1949). 

Prominent amongst these was its unifornity, i.e. the degree of 

association is linearly Telated to the deviation of observed from 

expected number of joint occurrences, independent of sample size. 

The index is constrained between -1.0 fOT a pair of entities which 

occur only apart, and +1.0 for entity pairs occurring o~ly together. 

Cole demonst ra ted that his index passed through the valuE:!8 0.0 and 

-I- 1 O' 't - • , l. e. l was linear, but in fact this is only so for the 

special case where zero association is the mid-point of the assoc-

iation ra-nge. Indeed this weakness is common to any linear measure 

of association, and is of little consequence to size-association as 

species relationships are derived primarily from directional change 

in association with stem sizes. The index is undefined (zero 

divided by zero) where one entity occurs only in conjunction with 

another which is never absent, includ the special case where both 

entities occur only together and are never absent, but these are 

highly improbable situations for species size classes in natural 

forest which can, in any case, be scree~ed for. 

A more serious drawback to Cole's Index is the derivation 

of its standard deviation from a Chi-Square type calculation, for 

this necessarily assumes a random distribution of entities - a 

condition clearly not satisfied where association is found. In this 
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investigation standard deviations for association were not calcu

lated, because the regression of association on species diameter 

enabled estimates of other measures of precision. These were the 

significance of the regression (F test) and the goodness of fit of 

the regression ( value), it being highly improbable that a signif

icant and close dependence can be demonstrated from association 

values departing from chance non-significantly. Cole's Index was 

used in this Longv[Qod study because it was found to be entirely 

satisfactory by Zedler and Goff, and by myself in a previous study 

(see Appendix X), and because none of its known failings are 

critical. 



- 127 -

APPENDIX XIV 

APPROXIMATE RATE OF SILVER BEECH INVASION: 

A SF:EiCULATIVE MODEL 

In Chapter 8, on succession, the tendency for one species 

to replace another species has been expressed in terms of the degree 

of association between diameter classes of the species-pair. However, 

using diameter growth rates the association between species-pairs 

can be expressed as trends over time. More usefully, the association 

indices can be used to simulate changes in species stockings over 

time, to derive an approximate rate for the detected change from 

pure podocarp to beech-dominated composition. An extremely simple 

(and inaccurate) model is now explored to determine whether silver 

beech at margins of its range is currently advancing into podocarp 

territory by centimetErs, meters or kilometers per century. 

Two species only are considered - silver beech and rimu -

the prominent species in beech forest and podocarp forest respect

ively, and ones for which reliable growth rate and stocking data are 

available, The measured degree of association between two entities 

(e.g. small silver beech and large rimu) can be converted very 

simply to a probability of finding joint occurrence of these within 

10 m radius plots. Cole's Index, the association measure used, can 

range along a linear scale from -1,0 where small beech and large 

rimu are never found together, to +1.0 where they never occur apart. 

A probability of joint occurrence is also linear in scale, from 

0,0 for non-events to 1,0 for certain events. Hence a probability 

of joint occurrence can be derived from Cole's Index with Colels 

Index of Association +1.0,/ 2,0, because entities which 
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never occur together have a zero probability of being found to

gether (0.0) while entities which never occur apart have a certain 

(1.0) probability of being found together. 

These probabilities of joint occurrence are in fact 

"possibilities" of replacement. There cculd be biological con

straints (e.g. disparities in longevity) which retard or even 

prevent replacemer;.t of one speoies by another, eV6n though large 

individuals of the one are found always with small individuals of 

the other. However, it seems reasonable to use these probabilities 

of joint occurrence as probabilities of replacement. In the case of 

rimu and silver beech, wi thin 10m I'adius plots, there is space for 

the presence of sev6ral dominant trees only. If, for example, 

large rinlU in these plots were never found without small beech also, 

whereas small rimu weI'e never found with large rimu, it vlOuld be 

logical to assume a probability of 1.0 for the replacement of rimu 

by silver beech. These probabilities of replaceme~t of one species 

by another, as derived from observed probabilities of the joint 

occurrence of their different size classes in plots, will be used 

to determine the theoretical rate of change from podocarp to beect. 

If biological constraints operate then the rate of change can only 

be slower. 

In the Longwood forests silver beech and rimu trees have 

never been observed physically to "crowd-out" eact other so severely 

as to cause premature death. Accordingly it will be assumed that, 

in mixed stands where species interactions occur, stems of each 

species will live to their natural old ages, typical of what they 

live to in pure stands of their own kind. (If this assumption is 

not realistic then the real rate of beech invasion could be faster.) 
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Where "over-mature" rimu trees in mixed forest die, they can be 

replaced by either other rimu stems or by silver beech stems from 

the sub-canopy. For simplicity all other species have been ignored. 

Hence: 

Probability (rimu replaced by rimu) 1.0 - Probability (rimu 

replaced by beech). 

It remains to determine how often opportunities for 

replacement occur, i.e. how often stems die, and whether or not 

just one beech tree can be expected to replace one rimu tree. Both 

Hinds and Reid (1957) and Williams and Chavasse (1951) give the 

maximum life-span of silver beech as 600 years, the latter from 

ring-counts of silver beech in western Southland. Silver beech 

growth rates (see Appendix XI) make it a sound assumption that all 

silver beech in the largest diameter class of the size-association 

model, 91+ cm d.b.h., will be close on 400 years of age, and that 

none of these will survive a further 200 years of life. Consider a 

hypothetical silver beech population at 200 year intervals. At 

each new period, all 91+ cm stems from the last period will have 

died, and will have been replaced by silver beech stems that were, 

on average, 200 years of age during the previous period. That is: 

PERIOD 1 

200 year old cohort 

400 year old cohort 

(200 years later ---~) ) PEHIOD 2 

400 year old cohort 

600 year old cohort 

(now all dead), 

Growth rate data show that, on average, 400 year old silver beech 
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have a d.b.h. of 48 cm, which is.ccnv&niently close to the median 

of the 41 - 58 cm d.b.h. class used for size-association. 

For rimu more precise growth rate and longevity estimates 

were available from 126 ring-counted rimu discs from the Pourakino 

Valley (where beech replacement of rimu was most strongly indicated) 

Few rimu live beyond 900 years and 91 + cm d.b.h. rimu stems have on 

average an age of 750 years, so it is reasonable to assume that few 

of this size will live longer than a further 200 years, They will 

die of old age and each, it can be assumed, will be replaced by one 

rimu stem on average 550 years of age at the previous period, in 

the case of a constantly fully-stocked rimu stand. Rimu of 550 

years of age have on average a diameter of 50 cm, which falls 

conveniently close to the median of the 41 - 58 cm d,b.h. class 

used. 

A simplest of models need only be concerned with 4 entit

ies; 91 + and 50 cm d.b.h. rimu, and 91 + and 48 cm d.b.h. silver 

beech, (or size-classes N~ 9 and N~ 7 of each species as used in the 

size-association model). Beech invasion was indicated to be most 

pronounced in the Pourakino Valley, and the beech-rimu size-specific 

relationships from the 234 plots recorded from there have been used 

to establish probabilities of inter-specific replacement, The 

measure of association between size class 7 beech and size class 9 

rimu gives a probability for beech replacement of rimu. The assoc

iation between size class 7 rimu and size class 9 beech gives a 

probability for rimu replacement of beech; both replacements relate 

to 10 m radius plots of mixed beech-podocarp forest. Of course it 

could be that beech replacement of podocarps is rapid initially, 

when there aI'e many podocarp stems to be replaced, then progress-
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ively slower as few rimu stems remain. In this case the probability 

of beech replacing rimu declines as replacement proceeds, Only one 

(average) probability is used for each replacement (of rimu by 

beech, and beech by rimu) , those derived as averages from all the 

plots which sampled beech-podocarp ecotones in the Pourakino Valley, 

From the size-association model the relationship between 

rimu and silver beech size classes is: 

Cole's Index ~ 0.0365 - 0.03843 Beech X + 0.02041 Rimu Y, 

( 0.43), where the parameters X and Y, representing size 

class, can each range from 1 to 9. 

Hence the probability of size class 7 silver beech (on average 200 

year-olds in the sub-canopy) replacing size 9 rimu (on average 750 

year-old emergents) is, from the degree of association between their 

diameter class presences: 

0.0365 - 0.03843 x 7 + 0.02041 x/9, which equals 0.48. 

The probability of size class 7 rimu (on average 500 year-olds in 

the sUb-canopy) replacing size class 9 silver beech (400 year-old 

canopy trees) on average is: 

0.0365 - 0,03843 x 9 + 0.02042 x 7, which equals 0.42; 

both of these probabilities being for an ensuing 200 year period. 

These probabilities are derived from presence or absence 

data, but can be related to species stockings with the assumption 
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that typical stands of 10 m radius contain just one large (91+ cm 

d.b,h.) stem - either rimu or silver beech. This is reasonable; 

the permanent plot data from the Pourakino Valley give average 

stockings of 14.8 silver beech, or 4 rimu (of this large diameter) 

per ha - respectively from beech types and podocarp types. From 

these stockings it is reasonable also to assume that if silver beech 

forest replaces podocarp forest, the area which formerly contained 

one large rimu stem will, eventually and on average, contain 3.7 

large silver beech stems. Conversely if a silver beech stand is 

replaced by a podoc.arp stand, only 0.27 rimu stems will eventually 

occur, on average, for every 1 silver beech formerly present. 

The simulated. changes in large rimu and large silver beech 

stockings are shown on p 133. At time zero a 10 ha podoc.arp stand 

comtaining 40 large rimu is invaded by a silver beech seed source. 

At time 400 years there is a 0.48 probability of every rimu stem 

being replaced by silver beech, but a 0.0 probability for every 

beeoh stem of replacement by rimu, because none of the beech have 

reached maturity, In each 200 year interval thereafter there is a 

0.48 probability for each rimu stem of replacement by beeel:., and a 

0.42 probability for each beech stem of replacement by rimu. It can 

be seen that 1000 years after initial beech invasion a state of 

dynamic equilibrium is reached. In this situation each large rimu 

still has a higher probability of replacement (0.48) by silver beech 

than vice versa (0.42), but because there are many beech and a few 

rimu, the numbers of stems involved in both of the oppos replace-

ments balance. The model predicts that at dynamic equilibrium the 

stockings of large stems will be 7.88/ha for silver beech and 1.86/ha 

for rimu. Stocking data from the permanent plots located in the 

Pourakino beech forest with scattered podocarps, well distant from 
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SIMULATED CHANGE PROM RIMU-DOMINATED TO 

BEECH-DOMINATED COMPOSITION 

Entities 
L L 

91 cm d.b.h. rimu 91 cm d.b.h. silver beech 

Time (years) Numbers of stems/10 ha 

o 

400 

600 

800 

1000 

1200 

AQ.O 

-19.2 

=20.8 

-10,0 

+~ 

=18.8 

- 9.0 

+~ 

=18.7 

- 9.0 

+~ 

=18.6 

- 8.9 

+~ 

18.6 

etc. 

') 

) 

( 

0.0 

+71.0 

=71,0 

+37.0 

-29~ 

78.2 

+33.4 

-32.8 

.8 

+33.1 

=78.8 

+33.0 

-.2..LJ. 

=78.7 

etc. 

Where ------)7 represents replacement of 48% of all rimu stems, 

each by 3.7 silver beech stems, and; 
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represents replacement of 42% of all silver beech 

stems, each by 0.27 rimu stems. 

, 400 600 800 1000 1200 

silver 
beech 

rimu 

Time (in years from initial beech invasion) 

beech-podocarp ecotones, ve means of 8.56 silver beech 91 and 

greater cm d.b.h., and 1.81 similarly larger rimu per hat This 

remarkable agreement between observed and predicted stern stockings 

suggest that the assumptions and data involved merit further 

consideration. 

It should be apparent that, having accepted the logic of 

different probabilities for two oppos events (rimu replacement by 

beech, and vice versa), the attainment of equilibrium is inevitable. 

At this equilibrium the ratio of rimu to beech sterns is solely 
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dependent upon the calculated probabilities of replacement. Any 

changes to growth rate, longevity, mortality or stocking estimates, 

the other inputs to the model, will alter the time taken to reach 

equilibrium, but will not influence the two species stocking ratios 

(provided of course that both species inputs are altered similarly). 

Hence the probabilities of replacement as used would seem to be 

realistic. In fact the probabilities of replacement do alter with 

succession from podocarp to beech dominance; 

Colels Index 0.01180 - 0.033712 Beech size class + 0,034253 Rimu 

size class, 

was derived for the early-succession, podocarp-dominated plots, and; 

Colels Index 0.26982 - 0.12674 Beech size class - 0.025743 Rimu 

size class, 

(a divergent relationship) was derived for the late-succession, 

beech-dominated plots from the Pourakino Valley, The relationship 

used to simulate the change from rimu to beech; 

Colels Index 0.03654 - 0.03843 Beech size class + 0.02041 Rimu 

size class, 

was from all 234 plots in the beech-podocarp ecotone, and because it 

gave stockings for an equilibrium situation similar to those 

measured, the probabilities as used presumably were close to the 

average ones fo~ the succession from podocarp to beech. 

The probability values used determine not only the 
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stocking ratios of rimu to beech, but also the time taken to reach 

equilibrium. For example, complete replacement of large rimu stems 

by beech stems could occur in 400 years if the probability of beech 

replacing rimu was 1.0, and of rimu replacing beech was 0.0. There 

could still be small rimu stems and only after 900 years would the 

stand certainly be devoid of rimu. The fact that no type of forest 

sampled had every large rimu associated with small silver beech, and 

the fact that there are large areas of beech with scattered, regen

erating rimu suggest that beech invasion does not proceed this 

rapidly or completely. 

It is suggested that once silver beech enter a podocarp 

stand in the Pourakino Valley, their stocking increases until 

reaching equilibrium with a low remaining stocking of rimu. It could 

be argued from the graph (p 134) that a state of near-equilibrium 

between beech and rimu is reached after about 600 years, in agree

ment with the rate of change envisaged by Holloway (1954). However, 

for beech to have migrated downhill about a kilometer within 600 -

800 years, thoroughly replacing podocarp forest as hypothesised by 

Holloway (1954, p 344), beech seed dispersal would have to have been 

prompt and thorough. This seems impossible, in view of the so 

little evidence for such effective seed dispersal nowadays. Admit

tedly, the model suggests initial beech invasion is comparitively 

rapid; there are many opportunities for beech to replace rimu, but 

as the invading beech are all young stems rimu has little opportun

ity to replace beech. As displacement of rimu stems proceeds there 

become fewer rimu stems left to be replaced but increasing numbers 

of beech stems available for replacement, leading to an equilibrium 

with dynamic balance between many silver beech stems and few rimu. 
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However, onoe pure podooarp stands have been oonfined to 

sites on whioh they have the oompetitive advantage and beech invas

ion oeases, the eootone between pure podocarp and beeoh-dominated 

types will narrow. This conolusion follows from the prediction of 

the model that for mixtures of beeoh and podocarp there is but one 

equilibrium oomposition: beeoh-dominated in whioh scattered rimu 

have a permanent niohe. From observations it is known that, in 

addition to this oomposition, there are pure podocarp stands capable 

of resisting beech invasion. So while beech invasion proceeds there 

will be a relatively wide eootone oomprised of unstable oombinations 

of beeoh and podooarp elements but, about 1000 years after beeoh has 

dispersed as far as it oan, there will be an abrupt ecotone; between 

pure podocarp forest and beech-dominated forest with scattered rimu. 

This is supported by the observation that there are few intimate 

mixtures of beeoh and podocarps in the Longwoods where both elements 

are prominent. There are enclaves of silver beech within podocarp

dominated forest, usually fringed with young silver beech stems, or 

there are soattered, regenerating rimu within beeoh-dominated 

forest. Alternatively, there are sharp, stable ecotones between 

silver beech and podocarp-dominated types, these types apparently 

being kept apart by oompetitive exclusion. Each oooupies habitat 

in which it has the advantage. 

The rate of silver beech advance into podooarp territory 

in the Pourakino Valley can be estimated approximately if it is 

assumed that beech advances only on a "front". This is a reason

able assumption for, despite some evidence that mountain beech and 

therefore possibly silver beech too can occasionally migrate long 

distances to form new colonies, there are in the Pourakino Valley 

mid-slope podocarp patches very few isolated stands of silver beech. 
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The average width of the Pourakino Valley beech-podocarp ecotones~ 

from pure podocarp forest to the point at which rimu stocking is 

low but constant (beech with scattered podocarp forest) is about 

100 m, The replacement model indicates a time span of about 1000 

years from initial beech establishment in a podocarp stand, to the 

onset of dynamic equilibrium between silver beech and rimu stock

ings. Thus the over-all beech invasion rate is in the order of 10 

cm per annum, 

As previously discussed this rate is not hypersensitive to 

the growth rate~ mortality~ initial stocking or ecotone-width esti

mates used, but is heavily dependent on the replacement probabil

ities, However, even if every large rimu stem in the entire eco

tone was associated with at least one small silver beech stem but 

not at all with small rimu stems, giving a probability of 1.0 for 

replacement of rimu by beech, equilibrium between large rimu and 

beech stockings would be reached only after 400 years, This gives 

a beech advance rate of about 25 cm per annum, Accordingly it 

would take silver beech tlfronts" approximately 4000 years to advance 

the 1 km suggested by Holloway (1954~ p 344) with his hypothetical 

pre- and post-climatic change forest type distributions, Thus~ even 

on the eastern fall of the Range mid-slope podocarp stands apparent

ly are retreating more slowly from silver beech than Holloway post

ulated with his theory of recent climatic change. 



- 139 -

APPENDIX XV 

RING-WIDTH STANDARDISATION TO PRODUCE CHRONOLOGIES 

In studying tree growth rings, Fritts (1976) had found 

that relatively fast-grown trees tend to be insensitive (termed 

Hcomplacent H), 1. e. they show less sensi tivi ty to fluctuations in 

environment than do relatively slow-grown trees, which apparently 

are more limited in growth by environmental factors. For this and 

other reasons dendrochronologists commonly standardise each sequence 

of n rings so that all sequences are scaled to have a similar mean 

ring-width value; 

Standardised Ring-width i Ring-width ,/mean Ring-width (' ). 
l l - n 

This standardisation of a data set by division of each term by a 

common value has the effect of re-scaling the set. If ring-width 

sequences of differing length are divided by their means they might 

be scaled with bias. For example, if the Longwood rimu had progress-

ively slowed in growth rate with time, then long sequences extending 

back to more favourable growing conditions should in fact retain 

mean values larger than those of short sequences which have exper-

ienced only recent, less favourable conditions. Fritts! (1976) 

scaling procedure to prevent trees with large average growth domin-

ating other records of small average growth, when all are aggregated 

into a chronology, can be schematically depicted as shown on the 

following page, where individual sequences are the diagonal lines 

and each of these is standardised about its own mean so that all 

sequences have mean ring-indices of value 1, eliminating trend in 

the direction of the arrow. This vector from which Fritts has 
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present 

past 

eliminated trend has components of both time and age, so that 

although some of the variation in ring-width associated with age has 

been reduced, so has some of the variation associated with time. 

To use a statistical expression, the variables time and age have 

been confounded. I suggest that standardisation as practised by 

Fritts is satisfactory only with species where ring-width variation 

associated with age is considerably less than variation associated 

with time. He may have been fortunate in having environmentally 

responsive species to work with. 

The method used in this study can be depicted as shown on 

the following page, where each age cohort is standardised about its 

own mean to eliminate trend in ring-width with age as shown by the 

arrow. Large, exceptionally fast-grown trees might still be a 
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source of bias in the master ring-width chronologies, but only if 

they had followed a trend in growth rate which was peculiar to large 

trees. 

Fritts (1976) found that fast-grown trees tended to be com-

placent in response to environmental factors, but perhaps this was 

peculiar to the sparsely-stocked forest he studied. In the Longwood 

rimu stands sampled for discs small, slow-grown trees presumably 

would be insulated by a canopy from the full extent of climatic fluc-

tuations, and might respond instead to changes in the overhead canopy. 

Large, fast-grown trees would be less insulated by surrounding vege-

tation and more likely would respond directly to prevailing climates. 

Hence fast-grown trees could contain more environmental information 
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in their rings than slow-grown trees. With the procedure used in 

this study all stems contributed in a non-selective manner when 

aggregated into a chronology. 

Indeed, it was possible to demonstrate that most of the 

age-specific variation in ring-width had been removed from the 

standardised sequences, by constructing chronologies from relatively 

young stems and separately from relatively old stems. This was done 

for each of the three disc samples. There were no significant diff

erences in the trends (of standardised ring-index over time) between 

any of the pairs of young and old stem chronologies (see Appendix 

XVII for one example). 

So far, consideration has been given to variation in 

ring-width related to age and variation in ring-width related to 

time, but these two categories did not account for all the vari

ation in ring-width. The residual variation, which Fritts (1976) 

termed "noise", was considerable, and much of it stemmed from the 

differences in growth rates, as averaged over all ages and all dates, 

between individual trees. There remains the question of whether 

this residual variation was random, i.e. orthogonal both for age and 

for time, or whether it could have confounded time and age. In 

other words, was the variation in ring-width as due largely to 

differences in relative growth rates of trees, distributed evenly 

amongst the time-specific age-cohorts, or could a minority of 

exceptionally fast-grown trees have had undue influence upon a 

certain age group and hence upon the standardised ring-index 

chronol es? 
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Survivalship: 

Some differenoes in growth rates between individuals may 

well have been genetio in origin but others likely were a direot 

outcome of competition between trees, With a one-point-in-time 

sample of stems, bias of ring-widths by oompetitively-induced 

differenoes in growth rates between age-cohorts of trees is likely. 

The samples of younger stems included both "winners!! and "losers", 

i,e. stems destined to survive to old age and stems destined to 

succumb to competition from neighbours,whilst all older stems 

sampled were IIwinners", Their less competitive oontemporaries had 

been eliminated and likely these had tended, on average, to grow 

slower. Thus sequences of many rings from old trees may have been 

equivalent to a fast-grown sub-set of the wider speotrum of growth 

rates displayed by the shorter sequences from younger stems, If so, 

rings laid down at recent dates by stems varying widely in age (both 

IIwinners" and potential "losers!!) would tend to be narrower, when 

averaged, than rings laid down in the distant past from whioh 

IIwinners" only have survived to the present sampled point in time. 

standardisation as advocated by Fritts (1976) apparently 

would eliminate any discrepancy due to "survivorship" by bringing 

all ring-width sequenoes to a common mean value but, as pointed out, 

this would spoil oomparability between long sequenoes and short 

sequences. Consideration was given to using multivariate analysis 

to ensure that the principal components of ring-width variation were 

orthogonal, and this may have identified certain components other 

than time and age. However, data prooessing had to terminate some

where and further digression into the sources of ring-width vari

ation was avoided. Instead it was assumed that mean growth rates 
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could have increased a little with "survivorship", and trends in 

chronologies were critically considered for the possibility of 

having been competitively-induced rather than climatically-induced. 
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APPENDIX XVI 

COMPARISON OF REGULAR AND IRREGULAR CHRONOLOGIES 

It has been mentioned (p 207, Vol. I) that about 40% each 

of the rimu discs sampled from the Holly Burn and Granity logging 

coupes were cut from below breast height where "wedging" of ring 

patterns (see Appendix VIII) was most severe. It was thought that 

the change in stem form at the base of the tree, from columnar to 

lobate with maturity, must have biased the ring-width sequences in 

the case of severely IIwedged" discs. As mentioned on p 230 (Vol, I) 

this bias cannot have been extensive, for the Holly Burn and Granity 

chronologies are similar in trend to the Taunoa chronology for which 

all disos were cut from well above the root buttress zone. 

As a further check on possible bias from irregular growth, 

two chronologies from each of the three disc samples were constructed 

separately. One chronology from each locality included all discs 

that had "wedged" ring patterns, or a grossly eccentrically located 

pith, or were ring-counted on more than one radii to avoid converging 

rings. The other chronology included all remaining discs from that 

locality, i.e. with concentric ring patterns. These pairs of regular 

and irregular chronologies are given here for the two localities 

where some discs were cut from below breast height - the Holly Burn 

and Granity samples. Scrutiny of them will reveal very few signif

icant differences (at the 90% level) within each pair. 
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COMPARISONS OF REGULAR AND IRREGULAR CHRONOLOGIES 

(A) Holly Burn Disc Sample 

Ch~onology from 39 irregular 

discs (grossly eccentric 

& wedged ring patterns) 

Mean Std. Dev l N~ 

1. 40 0.099 39 

1. 32 0.082 39 

L20 0.106 39 

1 • 19 0.095 39 

1 . 19 0.083 39 

1 . 15 0.085 39 

1 • 10 0.073 39 

1.06 0.063 39 

1.03 0.055 39 

0.92 0.051 39 

0.93 0.052 39 

0.98 0.064 39 

1.02 0.060 39 

0.98 0.061 38 

0.85 0.059 38 

0.87 0.049 38 

* Mean; width, 

Std. Dev l ; standard 

th 

Date 

1973 

1963 

1953 

1943 

1933 

1923 

1913 

1903 

1893 

1883 

1873 

1863 

1 3 

1843 

1833 

1823 

deviation 

Chronology from 87 regular 

discs (central th & con-

centric ring patterns) 

-)(- Mean Std. Dev l N~ Date 

1. 39 0.078 87 1973 

1 .25 0.060 87 1963 

1 • 12 0.053 87 1953 

1.04 0.051 87 1943 

1.00 0.045 87 1933 

1 .03 0.043 87 1923 

1.06 0.046 87 1913 

1.06 0.045 87 1903 

1.06 0.045 86 1893 

1. 04 0.043 85 1883 

0.98 0.039 85 1873 

0.98 0.042 1863 

0.96 0.043 84 1853 

0.94 0.038 83 1843 

0.98 0.044 83 1833 

0.96 0.044 83 1823 

of the mean, 

N~ ; number of ring"widths contributing to the mean, 

Date; mean year of the decade in which rings were formed. 
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(A) Holly Burn Disc Sample (Cont.) 

39 irregular discs (Cont.) 87 regular discs (Cont.) 

Mean Std. Dev' N~ Date Mean Std. Dev' N~ Date 

0.85 0.050 37 1813 0.97 0.046 83 1813 

0.97 0.073 36 1803 0.96 0.041 82 1803 

0.96 0.066 36 1793 0.92 0.038 82 1793 

0.92 0.049 36 1783 0.89 0.038 82 1783 

0.89 0.038 36 1773 0.87 0.035 82 1773 

0.85 0.041 36 1763 0.89 0.035 82 1763 

0.84 0.039 36 1753 0.94 0.042 81 1753 

0.84 0.040 36 1743 0.99 0.047 81 1743 

0.85 0.045 36 1733 0.93 0.040 81 1733 

0.95 0.061 34 1723 0.93 0.045 81 172 3 

0.97 0.060 34 1713 0.96 0.047 81 1713 

1.03 0.058 33 1703 0.95 0.047 80 1703 

0.10 0.070 33 1693 0.98 0.055 79 1693 

1 .05 0.063 33 1683 0.94 0.043. 78 1683 

1.03 . 0.069 33 1673 0.98 0.052 78 1673 

1.02 0.059 32 1663 0.99 0.045 77 1663 

1. 01 0.061 31 1653 1 .05 0.045 76 1653 

1. 03 0.068 31 1643 1.02 0.048 75 1643 

1 .13 0.080 31 1633 0.10 0.046 74 1633 

1 • 15 0.123 31 1623 1.05 0.050 72 1623 

1.04 0.060 29 1613 1. 09 0.055 71 1613 

1.05 0.058 29 1603 1.03 0,051 70 1603 

1 .13 0.087 28 159~ 1. 11 0.053 68 1593 

1 .10 0.068 27 1583 1 • 11 0.061 64 1583 

1. 01 0,064 27 1573 1.07 0.060 63 1573 
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(A) Holly Burn Disc Sample (Cont.) 

39 irregular discs (Cont.) 87 regular discs (Cont.) 

Mean Std. Dev' N~ Date Mean Std. Dev' 
0 

N- Date 

1. 01 0.066 26 1563 1.02 0.056 62 1563 

0.97 0.067 26 1553 1.02 0.054 60 1553 

1.07 . 0.067 26 1543 1.06 0.058 60 1543 

1.04 0.078 25 1533 1 • 11 0.060 59 1533 

1.01 0.083 25 1523 1.05 0.058 59 1523 

0.96 0.072 24 1513 1.03 0.059 56 1513 

0.99 0.077 24 1503 1 ,01 0.060 54 1503 

0.93 0.057 24 1493 0.96 0.059 52 1493 

0,89 0.079 23 1483 0.95 0.059 50 1483 

0.93 0.084 22 1473 0.90 0.061 50 1473 

0.91 0.112 21 1463 0,90 0.062 47 1463 

0.92 0.077 20 1453 0.90 0,050 46 1453 

0,89 0.085 19 1443 0.88 0,054 44 1443 

0.93 0.078 16 1433 0.86 0,052 40 1433 

0,81 0,089 13 1423 0.98 0.165 37 1423 

0.71 0.077 9 1413 0.92 0,076 30 1413 

0.93 0.112 9 1403 0.91 O. 111 25 1403 

0.98 0.135 8 1393 0.88 0.068 24 1393 

0.98 0.197 7 1383 0.83 0.066 23 1383 

0,79 0.143 5 1373 0.93 0.074 20 1373 

0.59 0,095 4 1363 0.89 0.083 14 1363 

1 .12 0.398 4 1353 1,02 0.113 12 1353 



(B) Granity Disc Sample 

Chronology from 40 irregular 

discs (grossly eccentric pith 

& wedged ring patterns) 

Mean Std. Dev' N::: Date 

1. 49 0.112 40 1973 

1 .35 0.106· 40 1963 

1 .32 0.098 40 1953 

1 .26 0.094 40 1943 

1 .14 0.075 40 1933 

1 .12 0.076 40 1923 

1 .20 0,068 40 1913 

1.17 0.078 40 1903 

1 . 11 0.075 40 1893 

1.14 0.069 40 1883 

1 .15 0.076 40 1873 

1.17 0,071 40 1863 

1 ,17 0.065 40 1853 

1. 12 0.075 40 1843 

1 • 18 0,079 40 1833 

1 • 15 0.080 40 1823 

1.06 0.060 40 1813 

1. 10 0.080 40 1803 

* Mean; ring width, 

Std. Dev' ; standard deviation 
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Chronology from 85 regular 

discs (central pith & con-

centric ring patterns) 

* Mean Std. Dev' N~ Date 

1. 39 0.061 85 1973 

1. 38 0.064 85 1963 

1. 39 0.062 85 1953 

1. 31 0,060 85 1943 

1 .25 0.056 85 1933 

1 .23 0.052 85 1923 

1. 15 0.044 85 1913 

1 . 11 0.045 85 1903 

1.04 0.037 85 1893 

1.05 0.042 85 1883 

1 ,02 0.043 85 1873 

1.05 0.046 85 1863 

0.98 0.035 84 1853 

1 .01 0.036 83 1843 

0.94 0.034 83 1833 

0.95 0.032 82 1823 

1 .01 0.041 83 1813 

1.02 0.042 83 1803 

of the mean, 

0 
number of ring widths contributing to the N-; mean, 

Date; mean year of the decade in which rings were formed. 
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(B) Granity Disc Samples (Cont.) 

40 irregular discs (Cont.) 85 regular discs (Cont.) 

Mean Std. Dev' N£ Date Mean Std. Dev' N~ Date 

1 • 10 0.081 40 1793 0.96 0.037 83 1793 

1.06 0.053 40 1783 0.92 0.041 82 1783 

1.07 0.060 40 1773 0.91 0.040 80 1773 

1 • 12 0.076 40 1763 0.93 0.039 80 1763 

1.03 0.069 40 1753 0.91 0.041 80 1753 

1.07 0.057 40 1743 0.91 0.039 79 1743 

1.06 0.063 40 1733 0.91 0.035 75 1733 

1.04 0.066 39 1723 0.98 0.045 74 1723 

0.99 0.064 39 1713 0.93 0.037 74 1713 

0.92 0.059 38 1703 0.92 0.041 73 1703 

0.91 0.052 38 1693 0.93 0.044 73 1693 

0.89 0.062 37 1683 0.96 0.052 70 1683 

0.85 0.061 36 1673 0.92 0.041 69 1673 

0.94 0.092 . 36 1663 0.92 0.043 67 1663 

0.95 0.076 36 1653 0.88 0.035 67 1653 

0.97 0.067 36 1643 0.91 0.036 66 1643 

0.97 0.079 36 1633 0.96 0.047 64 1633 

0.96 0.061 36 1623 0.97 0.048 62 1623 

1.02 0.068 36 1613 0.97 0.045 62 1613 

1.01 0.05 1 35 1603 0.97 0.049 62 1603 

0.99 0.052 34 1593 1.02 0.060 62 1593 

0.96 0.069 34 1583 0.98 0.048 62 1583 

0.96 0.061 34 1573 1.00 0.051 60 1573 

0.95 0.068 33 1563 1.05 0.057 59 1563 

0.91 0.055 33 1553 1.01 0.061 59 1553 
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(B) Granity Disc Sample (Cont.) 

40 irregular discs (Cont.) 85 regular discs (Cont.) 

Mean Std. Dev l N~ Date Mean Std, Dev l N~ Date 

0.89 0.060 33 1543 0.99 0,053 57 1543 

0.87 0.059 33 1533 1 .01 0.054 54 1533 

0,93 0.066 32 1523 1 .01 0.052 51 15 23 

0,85 0.073 31 1513 1.03 0,055 51 1513 

0.91 0.079 31 1503 1.08 0,072 49 1503 

0.88 0,080 30 1493 1. 12 0,077 48 1493 

0.84 0,075 28 1483 1. 08 0.062 45 1483 

0,84 0.067 28 1473 1.07 0,072 45 1473 

0,78 0,057 28 1463 1.03 0.069 45 1463 

0.78 0.067 28 1453 0,98 0.068 43 1453 

0.85 0.074 27 1443 0,95 0,075 43 1443 

0.80 0.075 24 1433 0.97 0,065 43 1433 

0,88 0,073 24 1423 0,99 0.081 41 1423 

0,79 0.055 23 1413 0,99 0,067 40 1413 

0,78 0,066 22 1403 0,87 0.068 38 1403 

0.86 0,082 20 1393 0,88 0,074 38 1393 

0.76 0.092 18 1383 0.94 0,080 32 1383 

0.79 0.097 18 1373 0.95 0.080 30 1373 

0.68 0.054 17 1363 0.95 0,072 29 1363 

0.72 0,076 16 1353 0,84 0.064 26 1353 

0.73 0.070 16 1343 0.73 0,065 24 1343 

0.63 0.071 13 1333 0.70 0,060 23 1333 

0.63 0,067 11 1323 0.74 0.061 22 1323 

0.70 0.097 10 1313 0.74 0.069 21 1313 

0.73 0.113 10 1303 0.69 0.068 18 1303 
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(B) Granity Disc Sample (Cont.) 

40 irregular discs (Cont.) 85 regular discs (Cont.) 

Mean Std. Dev' N~ Date Mean Std. Dev' N~ Date 

0.63 0.054 9 1293 0.67 0.067 17 1293 

0.75 0.061 9 1283 0.66 0.055 15 1283 

0.69 0.073 5 1273 0.70 0.063 13 1273 

0.61 0.072 5 1263 0.69 0.084 12 1263 

0.45 0.094 4 1253 0.59 0.047 10 1253 

0.51 0.099 4 1243 0.67 0.057 9 1243 

0.49 0.025 3 1233 0.62 0.087 5 1233 

0.55 0.071 3 1223 0.69 0.132 5 1223 

0.75 0.153 3 1213 0.78 0.143 5 1213 

0.62 0,079 3 1203 0,60 0.201 4 1203 

0.73 0.103 3 1193 0.57 0.155 4 1193 

0.67 0.071 3 1183 0.61 0.174 3 1183 
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COMPARISON OF CHRONOLOGIES FROM LARGE AND S~~LL STEMS 

It has been pointed out that two important variables of 

each ring, the age of the stern when the ring was laid down and the 

date when it was laid down, are not independent in a sample of tree 

rings collected at one point in time (p 212, Vol. I). It is in 

fact impossible to derive a relationship between ring-width and stern 

age that includes old sterns laid down at distant dates, beca.use 

trees then old have since gone. The "universal age curve" used to 

reduce as far as possible variation in ring-width associated with 

the process of aging had to be derived from ring-width sequences 

laid down over recent centuries (see p 215, Vol. I), with the poss

ibilit~ that this is not typical of age-specific variation in ring

width during distant centuries. 

However, it is possible to demonstrate that most of the 

age-specific variation in ring-width has been removed from the 

chronologies, by constructing separate chronologies from relatively 

young (small) sterns and from relatively old (large) sterns. A pair 

of small and large-stern chronologies was constructed for each of the 

three disc sample areas; one pair of chronologies is given here. 

The large-stern chronology obviously extends much further back in 

time than the small-stern chronology, but the two can be compared 

over the last 650 years. Scrutiny of this pair of relatively young 

and old-stern chronologies will reveal very few significant differ

ences between them (at the 90% level). 
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COMPARISON OF CHRONOLOGIES FROM LARGE AND S~illLL STEMS 

Granity Disc Sample 

Large-stem chronology Small-stem chronology 

(24 discs 70.0 em d.b.h,) (52 discs 70.0 em d,b,h.) 

Mean Std, Dev' N~ Date * Mean Std. Dev' N~ Date 

1.30 0.072 24 1973 1. 48 0,089 1973 

1. 35 0.098 24 1963 1. 33 0.067 52 1963 

1.52 0.142 24 1953 1; 32 0.072 52 1953 

1 .31 0.110 24 1943 1.30 0.078 52 1943 

1. 14 0.085 24 1933 1 .22 0.064 52 19 

1 .10 0.085 24 1923 1. 25 0.067 52 1923 

1. 11 0.091 24 1913 1.24 0.058 1913 

1 .03 0.095 24 1903 1 .29 0.065 52 1903 

1. 01 0.084 24 1893 1 • 12 0.052 52 1893 

1.08 0.096 24 1883 1 • 13 0.059 52 1883 

1 • 14 0.105 24 1873 1,00 0,05 2 1873 

1 .19 0.109 24 1863 1 .06 0,059 52 1 3 

1.10 0.089 24 1853 0.97 0.045 51 1853 

1.09 0.084 24 1843 0.99 0.055 50 1843 

1.09 0,112 24 1833 0.96 0.053 50 1833 

1.09 0.102 24 1823 0.94 0.056 49 1823 

1 .04 0.087 24 1813 0.92 0.043 50 1813 

* Mean; width, 

Std. Dev' ; standard deviation of the mean, 

0 
number of ring widths contributing to the N-; mean, 

Date; mean year of the decade in which rings were formed. 
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Granity Disc Sample (Cont.) 

24 Large-stem (Cont.) 52 small-stem (Cont.) 

Mean Std. Dev l N:: Date Mean Std. Dev l N:: Date 

1.06 0.117 24 1803 0.95 0.049 50 1803 

0.96 0.108 24 1793 0.97 0.054 50 1793 

0.94 0.084 24 1783 0.87 0.048 49 1783 

0.91 0.074 24 1773 0.89 0.049 47 1773 

0.96 0.079 24 1763 0.91 0.053 47 1763 

1.03 0.104 24 1753 0.81 0.046 47 1753 

1.00 0.083 24 1743 0.86 0.050 46 1743 

1.06 0.077 24 1733 0.87 0.053 42 1733 

0.99 0.065 24 1723 0.95 0.073 40 1723 

0.95 0.053 24 1713 0.88 0.057 40 1713 

0.96 0.057 24 1703 0.91 0.074 38 1703 

1.07 0.073 24 1693 0.85 0.054 38 1693 

1 • 19 0.104 24 1683 0.81 0.057 34 1683 

1.10 0.065 24 1673 0.76 0.042 32 1673 

1.14 0.094 24 1663 0.77 0.05 2 30 1663 

1.06 0.078 24 1653 0.84 0.074 30 1653 

1 .07 0.063 24 1643 0.88 0.067 29 1643 

1 • 12 0.078 24 1633 0.90 0.082 27 1633 

1.08 0.079 24 1623 0.96 0.073 25 1623 

1.05 0.067 24 1613 1. 02 0.072 25 1613 

1. 12 0.071 24 1603 1.04 0.063 24 1603 

1.23 0.094 24 1593 1. 11 0.070 23 1593 

1. 15 0.097 24 1583 1.09 0.067 23 1583 

1 • 12 0.084 24 1573 1 . 11 0.070 23 1573 

1 . 16 0.090 24 1563 1. 11 0.091 23 1563 
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Granity Disc Sample (Cont.) 

24 Large-stem (Cont.) 52 small-stem (Cont.) 

Mean Std. Dev' N~ Date }1ean Std. Dev l N~ Date 

0.97 0.080 24 1553 1 . 16 0,091 23 1553 

0,94 0.063 24 1543 1 • 15 0.088 23 1543 

0.98 0.075 24 1533 1.13 0.093 23 1533 

1. 01 0,075 24 15 23 1 . 12 0.081 2'3 1523 

1. 07 0.091 24 1513 1 , 10 0.089 23 1513 

1. 30 0.121 24 1503 1 .01 0.090 23 1503 

1. 30 0.122 24 1493 1. 08 0.100 23 1493 

1 • 16 0.097 24 1483 1 .00 0,083 23 1483 

1. 16 0.103 24 1473 1.07 0.095 23 1473 

1 . 11 0,109 24 1463 0.96 0.076 23 1463 

1.01 0.080 24 1453 0.97 0.099 23 1453 

1. 02 0.101 24 1443 0.97 0.108 23 1443 

1. 04 0.105 24 1433 0.88 0,077 23 1433 

1,06 0.108 24 1423 0.94 o. 1 23 1 3 

1. 02 0.079 24 1413 0.91 0.092 23 1413 

0.96 0.096 24 1403 0.75 0.063 23 1403 

0.98 0.095 24 1393 0.78 0.090 23 1393 

0.95 0.086 24 1383 0.79 0.098 23 1383 

0.93 0,084 24 1373 0.82 0.099 22 1373 

0.90 0.067 24 1363 0,81 0.087 21 1363 

0,87 0,068 24 1353 0,71 ). 065 17 1353 

0.76 0,070 24 1343 0.69 0.057 15 1343 

0.68 0.055 24 1333 0,68 0.083 12 1333 

0,65 0,047 24 1323 0,85 0,106 9 1323 

0,64 0, 1 ,02 1313 
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APPENDIX XVIII 

RIMU INCREMENT CORE SAMPLE AREAS 

HEKEIA HILL 

Forest Structure. virgin lowland mixed podocarp with 

rimu, predominantly 25-35 m in height, 

widely spaced over 6-10 m high, dense, 

floristically rich small angiosperm 

tree thickets (see Photographs 1 & 2). 

Altitude: 

Aspect: 

Sample size: 

150-320 m. 

predominantly northwest. 

152 trees bored. 

Trees bored were selected for cylindrical stems, free from 

lean, branching and forking below about 15 m in height, twist, 

excessive fluting, base rot, external injury and other irregulari

ties or defects. All trees selected were spaced 10 m or further 

from neighbouring large trees, and had crowns completely emergent 

from surrounding vegetation. Because of the extreme scarcity of 

small rimu in this locality, few trees smaller than the 80 em d.b.h. 

were bored; most were in the range of 100-150 em d.b.h. 

Cores were extracted with a hand-operated 450 x 4 mm 

Swedish increment borer. Four cores, spaced fairly equally around 

the stem in a transverse plane at about breast height, were collected 

from most sample trees. It was often impractical to bore precisely 

at breast height where trees were sited on steep slopes, or to bore 

on 4 equally-spaced radii where prone logs or small trees gave 



PHOTOGRAPH 1 

Lower slopes with 
large, emergent 
podocarps tower
ing over small 
angiosperm tree 
thickets - typical 
of the forest from 
which increment 
cores were obtained 

PHOTOGRAPH 2 

Showing matai 
(upper left & 
lower right) 
and rimu 
(centre) with 
crowns free 
almost entirely 
from competing 
angiosperms. 
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HEKEIA HILL CORE SAMPLE AREA 
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obstruction, or because of minor irregularities in the stem surface. 

Because of the frequently eccentric location of pith in rimu stems, 

and because of hidden pockets of defective ~ood, boring was very 

much a matter of trial and error, making it impractical to collect 

from every tree a set number of good cores free from excessive 

twist, cracks or defective grain. Four cores were selected from 

most trees, but the number varied from 3 to 6. Cores were inserted 

into 2 overlapped plastic drinking straws, sealed with melted wax 

and with masking tape to reduce moisture loss, and identified with 

a tree identification number and stem d.b.h. to nearest whole 

centimeter. 

The form and stocking of rimu at the other core sample 

areas dictated that the selection criteria for sample trees be 

relaxed somewhat, as follows: 

MERRIVALE BASIN 

Forest Structure: virgin silver beech forest with 

scattered rimu, mainly emergent. 

Altitude: 

Aspect: 

Sample Size: 

300 - 450 m. 

Mainly west, some northeast. 

78 trees bored. 

Most sample trees were 2 - 4 m emergent from the beech 

canopy and between 65 - 140 cm d.b.h., but some sub canopy rimu, 

down to 49 cm d.b.h., were bored. Sample trees were at least 5 m 

from neighbouring large trees, free from forking and branching 

below 10 m in height. 
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WOODLAW FOREST 

Forest Structure: virgin silver beech with rare, usual 

barely eme or suppressed, sub-

canopy rimu, often of poor stem form. 

Altitude: 250 - 300 m. 

Aspect: South. 

Sample Size: 22 trees bored. 

Rimu trees were scarce so all found were bored. Most of 

these were single-leader, barely emergent stems with a high inci-

dence of hollow base or other defect, and of extremely dense wood. 

Sampling terminated prematurely when all 5 increment borers to hand 

had snapped in use. 

SOUTH COAST 

Forest Structure: virgin coastal-terrace rimu, with , 

close, regular spacing of moderate-

sized stems and abundant smaller rimu 

beneath occasional canopy breaks. 

Altitude: 15 - 30 m. 

Aspect: South (nearly flat). 

Sample Size: 35 trees bored. 

All trees were of excellent form, were spaced 4 m or 

further from neighbouring large trees, were between 70 and 130 cm 

d.b.h., and were sited between the Wairaurahiri River and Sand Hill 

point, west of Te Wae Wae Bay. 
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APPENDIX XIX 

INCREMENT CORES: LABORATORY TECHNIQUES FOR 

RING COUNTING AND MEASURING 

Techniques of preparing, viewing and identifying growth 

rings, many of which were indistinct, were developed and improved 

by tedious trial and error on an exploratory sample of rimu and 

kahikatea increment cores (p 203, Vol. I). These techniques were 

then used to count and measure the growth rings in larger samples 

totalling about 1200 increment cores (pp 232-5, Vol. I). 

Because these techniques, particularly the preparation 

of the core, were critically important for accurate ring-counting 

they are described in full here. 
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INCREMENT CORES: LABORATORY TECHNIQUES FOR 

RING COUNTING AND MEASURING 

Cores were stored individually in sealed plastic drinking 

straws, under refrigeration to minimise sap stain and brittleness 

from moisture loss, prior to examination, 

To prepare for viewing, eaoh core was inserted into a 

grooved wooden holder, and "4-sided" with a micro-ground single 

edge razor tool blade (see diagram 1), A new blade was required 

every few cores, sometimes for every cut on exceptionally hard 

oores. The squared core was wiped with a foam-rubber chip moistened 

with a mixture of raw linseed oil liberally diluted with mineral 

turpentine, then lightly polished with a olean foam chip. 

Ring width measurement was oarried out using an ADDO 

eleotronio machine for measuring annual growth. 

This comprised a travelling, meohanical stage, a binoc

ular microsoope with oross-hair, a light source, and two inter

connected electronic devices to measure and record ring width. 

The meohanical stage enabled rotation of the core to any 

desired viewing position, and adjustment to ensure perpendicular 

measurement between rings, regardless of alignment of rings to the 

axis of the core. The light source was adjustable for direction, 

and was used with a yellow (emitted) filter. A low magnification, 

usually 20 x, was used with the binocular microscope, although at 

times a lower magnification would have been advantageous. 
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DIAGRAlvI 1 

Extraction 

Preparation 
transverse plane 

Viewing 

grooved 
holder 

c:.ore 
rotation 

longitudinal 
plane 

"4-sided" 
core 

light 

viewing 'angl~,' 
a d ·~tIlle lit i 

rotation 
stage 

The ring width measurements were recorded by an adding 

ye 

machine with printed paper roll output, and transferred td a compu-

ter via a card programmed paper tape punch. Units of measurement 

were 0.01 mm. 

These devices reduced the possibilities of human error in 

transferring individual ring width measurements from the core to 

the computer, but the identification of rings - the selection of the 
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boundary between each consecutive growth ring - was solely depend

ent on operator skill. 

The equipment was operated in a dark-room so that cores 

were lighted only by the ad table light source. 

As most cores were collected in August and September, just 

prior to the commencement of early wood formation, ring width 

measurement commenced at the boundary of phloem and xylem, and 

proceeded away from the bark. Growth rings were more clearly 

distinguishable on the transverse plane as compared with the long

itudinal plane, but as cores tended to twist when extracted it was 

advantageous to prepare all 4 sides. This enabled cores with in

distinct rings to be viewed from all possible angles. 

When cores were mounted at a shallow viewing angle (see 

Diagram 1, p 19', with incident light directed along the core at a 

shallow angle also, rings tended to catch the light and stand out. 

Faint rings were best viewed by focus of the microscope 

on the close edge of the core, with adjustment so that rings on the 

upper surface of the core slanted away into the limit of focus. 

Adjustment of viewing angle, light source and microscope 

were critical for optimal viewing of indistinct rings. Some growth 

rings were only 0.01 mm width, hence the need for care in prepar

ation and viewing. 

Difficult cores were measured repeatedly, sometimes by 

different operators, until a decision was reached on how far along 
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the core the ring counting was reliable. Few cores were ring

counted confidently beyond 500 rings from the bark, fewer still 

were ring-counted with confidence for their entire length. About 

50% of most sample cores were finally rejected entirely because 

of uncertainty in ring identification. Ring counts of most cores 

were terminated, not because of narrowness of rings, but due to 

obscurity apparently from materials deposited in heartwood which had 

produced a "marbled" pattern. 

For each core detailed notes were taken on uncertainties 

in ring counting, so enabling cross-checking between operators, and 

on the basis of several ring counts, each core was assigned an 

estimate of confidence, e.g. 11500 ! 7 rings, from 3 counts, an 

excellent core." 

Malfunction of the programmed paper tape punch unfortun

ately resulted in the loss of about 20% of the ring-width sequences. 

This data could have been retrieved by manual punching from the 

printed paper rollout-put, had time permitted. Also, apparently 

because the paper tape was not always cleanly punched with holes, 

errors in the data transferred to the computer by punched tape were 

frequent. This required laborious checking with the printed paper 

rollout-put, providing further opportunities for mistakes. Conse

quently, where much checking was needed, some ring-width sequences 

were rejected to speed-up data processing. 

Some examples of distinct and indistinct rings, and of 

"marbled ll ring patterns, are shown in Photographs 1 - 6 on the 

following pages. 
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Rum CORES 

Wide rings - distinct in the transverse plane (1) , obscure in the 
longitudinal plane (2) and overlain with "marbling" (see text) ( 3). 

1 

All cores 4 mm 
in width. 

2 
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RIMU CORES 

Narrow rings - distinct (sloping upper left to l ower right) (4), 
partially obscured by "marbling" but still visible in lower portion 
of photo (5), and in region of pith (6). All c ores 4 mm in width. 

6 
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APPENDIX XX 

SOME OBVIOUS IMPLICATIONS FOR MANAGEMENT AND RESEARCH 

MANAGEMENT 

Persons involved with indigenous forest management have 

tended to accept Holloway's (1954) theory that the large podocarp 

species, over much of their range, have not regenerated freely for 

many centuries. They have of course been swayed also by first-hand 

observations; the majority of logged podocarp stands have failed, 

in the short-term, to re-stock. It must be added that the attitude 

of "regeneration failure" is changing in the light of new evidence 

with the passage of time since early logging, through surveys for 

regeneration and with wider appreciation of the naturally prolonged 

mechanisms of podocarp recruitment. Nevertheless Holloway's 

climatic change hypothesis has, until recently, severely discouraged 

all serious attempt at sustained yield timber management of podocarp 

forests outside of Westland. 

There is, for example, a report which outlined options for 

management of the indigenous forests remaining in western Southland 

(J.S. Holloway, 1977). This report was exhaustive in scope and, 

commendably, invited public participation in the choice of these 

options. However it based some options on Holloway's (1954) working 

hypothesis rather than on established findings. The possibility of 

obtaining sustained yields from podocarp forests was rejected, with

out up-to-date assessment of podocarp stockings in previously logged 

forest. Instead, with unquestioning reliance on the climatic change 

hypothesis, the management options for cut-over podocarp hill forest 
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were reservation, or conversion to "productive land use" for "",it 

is unlikely that (podocarp) regeneration will be of any future econ-

omic ance" ,tt, 

Subse~uent surveys of podocarp on by Conservancy 

in the Longwood staff and now show that it is oc 

forests, both virgin and logged, although in and beyond the northern 

extremity of the Longwood Range this ion is at extremely low 

levels, Podocarp recruitment after clear-fel can take a century, 

even longer, while oneering angiosperms run their course of up-

surge and decline. Because of such slow re-st the option of 

management may be unattractive for some indigenous forests, but it 

should not be dismissed as lightly as it has been in the past, Over 

the last three decades a substantial proportion of 1 lowland 

podocarp forest, mostly in the Mount Pleasant and Island Bush areas, 

has been converted to exotic plantation. It seems ill cal that a 

working hypothesis based primarily on short-tel'm, ~uali tative obser

vations should have had suoh severe and fre~uently irreversibly 

oonsequences for these forests. 

Another aspect of Holloway's olimatio change hypothesis 

has also tended to discourage intensive management of the Longwood 

forests - the supposedly te changes from podocarp to silver 

beech dominance. It is now known that the broad forest pattern has 

changed little in the last thousand years. Current succession from 

podocarp to beech is localised and ocourring too slowly to be any 

obstacle to production forest 

ent plots established aoross bee 

should provide preoise rates for the 

Monitoring of the perman

docarp eootones eventually 

ly slow changes. The 

boundaries that oocur between beech and podocarp forest in 
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places are related to site factors and appear to be stable. Any 

manipulation of the natural vegetation, including its replacement 

with exotic vegetation, could benefit from recognition of these 

abrupt variations in air temperatures and in some cases, soils too. 

There is need for more preoise typing and mapping of the Longwood 

s. 

The finer details of management implications oan best be 

discussed by taking one forest type at a time. For the few virgin 

remnants of lowland podocarp forest there can be no doubt that the 

highest ority for their use should be reservation. Pollen anal-

ysis bas indicated how little of the mixed-podocarp forest has 

survived from nearly a thousand years of fire, first polynesian then 

European. The case for reserving the remnants lies also ,'lith their 

complexity. For example the mixed-podocarp/small angiosperm tree 

forests are very diverse floristically, with many variations as yet 

unexplained in terms of site. These forests often support high 

concentrations of indigenous birds. Theil' populations of matai, 

kahikatea, true totara and rimu are the most sparsely-stocked and 

unbalanced in age structure of the Longwood podocarp populations, 

the reasons for which are unknown. So are the reasons for apparent 

succession to even lower podocarp stockings. The various facets of 

complexity are increasingly becoming unlikely to be solved with the 

continuing reductions in extent of lowland forest. Therefore even 

small pockets of scattered podocarp/small angiosperm tree forest, 

as on the lower slopes of Hekeia Rill and in Motu forest, merit 

reserve status. 

There is a case too, for retaining the more extensive but 

cut-over lowland podocarp forest on Mount Pleasant. Timber product-
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ion may not be a realistic objective of management at this stage, 

but cautious manipulation could ay a part in the conservation of 

poorly-represented indigenous communities. It should be kept in mind 

that growth rates of podocarp species are fastest in lowland situ

ations. Relatively high levels of productivity might be attained, 

in the distant future, if hi stockings of podocarps can be estab-

lished. Being pioneers, matai, kahikatea and totara have greater 

potential for plantation cropping than rimu has, There could be 

justification for planting trials with these species on certain open 

and semi-open sites, if only to learn more about their ecology. 

There are some developing pole stands of podocarps in some of the 

oldest cut-over with good potential for exploratory silviculture. 

The western flank of the Longwood Range see~s to have the 

highest potential for rimu management, considering that diameter 

growth rates tend to be fastest in the warmer, northern portions of 

the Range, while regeneration distinctly improves towards the temper

ate-wet coast, The rimu-dominated mid-slope podocarp zone is most 

extensive on the western flank of the Range. There best rimu growth 

rates can be expected on ridge crests with north to north-west aspect 

for warmth appears to be a determinant of rimu increment. In this 

respect the Waimeamea and Holly Burn Catchments certainly are better 

localities for rimu management than the cooler, more exposed part 

of the Range further south. Considerable variation in diameter 

growth rates within the dense l'imu stands suggests that stand compet

ition is an important factor. If this competitive factor could be 

understood and manipulated, it might be possible to reduce the age 

of typical rimu sawlogs from about 700 years under natural conditions 

to 300 years or even less. With clear-felling and without re-plant-

, crop rotations would be at least 50 years longer than this to 
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allow for complete re-stocking. 

Prompt rimu regeneration could probably be attained with 

selective logging, a theoretically suitable form of silviculture 

for the generally mixed-age rimu stands of the coastal-aspect mid

slopes. In fact, in most of these stands existing regeneration is 

sufficient to replace mature stands if these were removed in very low 

concentrations. These stands are equilibrium ones, with some regen

eration occurring throughout to ve fairly continual nat~ral 

replacement of the canopy on the scale of individual trees, This 

sort of stand renewal process would be closely matched with select

ion management and re-planting of rimu in small gaps, Although not 

essential, releasing of rimu seedlings from angiosperm competition 

would hasten growth rates of juveniles, but even so these probably 

would grow too slowly, beneath a canopy, for economic production of 

timber. 

In the Waimeamea Basin, occasional clumps of rimu saplings 

which have been colonisers suggest that coupe-felling and re-estab

lishment as small, even-aged stands might be the most effective way 

to manage rimu. Growth-ring analysis has shown that diameter incre

ment of rimu typically increases steadily to peak at about 250-300 

years of age, presumably when the rimu crowns attain an emergent 

position in the canopy. Therefore clumps of rimu growing-up in the 

open probably do so faster, in early life, than do individuals in 

small light wells beneath a canopy. The dense thickets of rimu 

juveniles that have colonised the old Port Craig workings of the 

South Coast may therefore have the best potential of all for intens-

ive management of rimu, de 

in virgin stands there. 

te the low mean diameter growth rates 
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The relatively slight imbalance of rimu population age 

structures on the western Longwood mid-slopes suggests that regen

eration may not always continue at the present level; further 

fluctuations in climate undoubtedly will occur. However, there is 

no evidence to suggest that there will be prolonged periods without 

any rimu regeneration at all in the western mid-slope stands. 

Because growth rates of rimu are very slow and little of the dense 

rimu stands remain unlogged., sustained yield management can not 

really be considered as a practical objective at this stage. The 

option of a second cut will not be available in the forseeable 

future, In fact, a sufficient objective to management may merely be 

to allow the natural return to densely-stocked, somewhat mixed-age 

rimu forest to continue. When this return is well advanced approp

riate options of use can be considered. 

The Taunoa Biological Reserve, at the southwest corner of 

the Longwood Range, appropriately encompasses the maximum available 

altitudinal sequence of forest types, from dense rimu stands of the 

mid-slopes to montane silver beech. (Altitude is the ffiain gradient 

along which compositional changes can be recognised and understood.) 

Included in this sequence are toppled, vegetatively-regenerating 

rata stands and montane podocarp forest in which pink pine, celery 

pine and pokaka are prominent; neither type is extensive in the 

region. If some of the forest immediately south of the Taunoa 

Catchment and extending to the western corner of the Orepuki Reserve, 

was also spared from logging the altitudinal sequence would be 

replicated on a southerly aspect. Here there is considerable diff

erence from the sequence on the westerly aspect. In fact the podo~ 

carp forest on the southern aspect mid-slopes is unlikely ever to be 

highly productive because of the particularly bleak, cool and windy 
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climate there, might better be zoned as reserve than as "potent-

ially productive" as it is now, If necessary the potentially more 

productive areas of cut-over podocarp forest in the Waimeamea Basin 

could be extended southwards to compensate. 

The best sites on which to manage silver beech for pro-

duction are the eastern toe-slopes of the Range, particularly those 

falling to the lower Pourakino Valley, There cold air temperatures 

and perhaps younger soils as well allow silver beech to out-compete 

small osperm trees, especially in colonising promptly and thor-

oughly following cultural disturbance to give full-stocked, even-aged 

pole stands of excellent form and outstanding silvicultural potential. 

The ",orst sites for silver beech management are in the Merri vale 

area where succession apparently is from fairly sparsely-stocked 

mature silver beech stands to small angiosperm tree thickets. Very 

old soils, warm summer temperatures and periodic drought seem to be 

involved, although in the remote future mountain beech may prove to 

be a successful species in this area. 

Now that the forest extent at the time of European 

settlement has been traced from early accounts, it remains to re-

construct the forest of that time from the records, There 

is a need therefore to retain all available information on composit-

ion of forest now gone, from log sale records and forest "cruises", 

The natural vegetation of the Longwood area has particular interest 

for ecologists; it is not purely by chance that it was here that 

Holloway (1954) derived his hypothesis on climatic and vegetational 

change, and that Cranwell and von Post (1936) proposed the first 

New Zealand sequence of Post-Glacial climate and vegetation from 
, 

pollen deposits, The area lies on the border of two quite distinct 
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regions: uplifted, wet Fiordland with Nothofagus rain-forests and 

rolling, drier Southland where forest remnants are mostly podocarp. 

Being in the path of the strongest westerly wind flow in New Zealand, 

the climates and therefore vegetation of the region apparently react 

strongly to minor fluctuations in atmospheric circulation (McGlone 

and Bathgate, in prep.). 

In analysing successions in the Longwood ~orests, little 

evidence of animal modification was found. This is not to say that 

some significant compositional change involving short-lived species 

has not already occurred, for occupation by possums exceeds a cent

ury. However, present-day populations of deer, wild pigs and possums 

seem to be fairly compatible with the forests and the natural pro

cesses occurring in them. With the prominence and diversity of 

food species for animals in these temperate rain forests, the equi

librium nature of the stands which are seldom disrupted by natural 

catastrophe, and their old soils and subdued relief almost free from 

erosion, there is potential for game management. Sustained harvests 

of possum skins and game carcasses could probably be quite high with

out unduly compromising other forest values. 

Finally, it can be pointed out that the Longwood Range 

with its variety of vegetation from lowland podocarp forest to sub

alpine scrub and open tops, offers wide scope for recreation, even 

though the scenery is not spectacular. Historical remnants of feat

ures like old water races and old holding dams from gold working, 

and bush trams from timber working, add further recreational interest. 

It is encouraging that some of the gold mining sites have been included 

in reserves and that historical records of the sawmills of the region 

are being compiled. The era of exploitation was an important one in 
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the history of the forests; opportunities to study it further 

should be provided. 

RESEARCH 

A number of aspects requiring further research have been 

recognised in the course of this investigation, and can be elabor

ated on here. It has yet to be confirmed whether the majority of 

the sparsely-stocked matai, kahikatea and true or hybrid totara of 

the northern Longwood-Woodlaw area, became established in the rela

tively warm period centred on the 15th Century A.D. when much of the 

rimu did. Alternatively, Holloway (1954) believed that they were 

established several centuries earlier than then. So that their pop

ulations can be aged, large samples of ring-width sequences are re

quired to obtain diameter/age relationships for these species. As 

increment cores are unsatisfactory for the task, stem discs are 

essential. Insufficient lowland podocarp forest remains to allow 

felling of Podocarpus species in large numbers for ring-width study 

alone. However, an opportunity for disc collection will arise if 

the proposed logging of the Merrivale-Hekeia Hill stands goes ahead. 

Roading in this and other areas of lowland podocarp forest, like 

Mount Pleasant or Motu Forest, might provide a few podocarp 

discs from time to time. If preserved and accumulated, ring-width 

study material could be obtained in this way. In fact, in of 

the infrequent opportunities in western Southland for collecting 

discs from old Podocarpus stems, any available should be retained as 

a permanent data base for more detailed study, like dendrochronology. 

Unfortunately, the complexities of growth-ring study and 
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the wider scope of this thesis did not allow the analysis of tree 

rings to the detail that was desired. Hopefully more sophisticated 

analysis, entailing accurate cross-dating ring by ring, will be 

encouraged by the findings of this investigation. For example the 

correspondence found between Dunedin air temperatures and rimu 

chronologies serves to demonstrate that rimu has potential for 

dendroclimatology. Now that large samples of ring-width sequences 

have been analysed in terms of age and time independently, chrono

logies can be oonstructed from small samples of rimu discs by 

utilising the relationship established between rimu increment and 

stem age. This is important with the scaling-down of logging and 

consequent diffioulty in obtaining samples of discs. 

There are other features of the relict nature of northern 

Longwood mixed-podooarp populations to investigate - sparse stock-

ings and imbalanced age structures. Climatic data recorded from 

podocarp-clad ridge-crests and from gullies of small angiosperm 

trees might demonstrate that cold air drainage is a prominent feat-

ure here also, although available soil moisture might prove to be 

the more important factor influenoing forest pattern. The product

ion of viable podocarp seed is relevant to the question of adequate 

podocarp regeneration, and could readily be sampled for. However it 

does seem that other faotors too are preventing effeotive regeneration. 

Consideration could be given to experimental plantings of 

matai, kahikatea, true totara and rimu on a variety of sites in the 

northern Longwood-Woodlaw area, In oonjunotion with olimatio data 

these could lead to ident{fying frost, drought, or other extremes 

in the weather as being involved, On the other hand it may be that 

soil fertility or competition from small angiosperm trees or tuft-
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fern are inhibiting regeneration; factors which can be manipulated 

in field experiments. Allelopathy, in which chemicals produced by 

podocarp trees are accumulating in dry soils, could also be part of 

the reason why podocarp stockings are sparse and declining. A 

practical means of testing this might be to plant podocarp seedlings 

where podocarp stockings are relatively high, and in small angio

sperm tree thickets where podocarps are well distant. 

There is wide scope for investigat relationships 

between pedogenesis and successions leading apparently away from 

mixed-podocarp dominance. The sparsest stockings of matai and kahi

katea, and rimu too in the lowland forests, seem to occur on the 

oldest, least fertile soils, and certainly the few pole stands and 

pockets of regeneration of these species in the northern hinterland 

forests tend to occupy recent soils. However, the widespread failure 

of podocarp regeneration there would seem to be on a much more recent 

time scale than that of soil maturation and attendant loss of fertil

ity. It needs to be established whether the mixed-podocarp stands 

oneered on once fresher soils, but this would require extensive 

sampling and laboratory analysis of soils. A less ambitious project 

would be to concentrate on one aspect of soil-forest relationships, 

as finding whether or not the abundance of beech in the lowlands is 

concentrated on relatively young, phosphorus-rich soils. 

The subject of beech pattern and dispersal is one awai 

comprehensive investigation, and here the forest west of Te Wae Wae 

Bay might hold some important clues. First, check should be made on 

Holloway1s (1954) observation that mountain and/or silver beech occur 

in coastal terrace podocarp territory only or mostly along-side 

streams which have headwaters in the montane forests of the same 
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esc If found to be correct it would seem to provide evidence 

that the direction of spread of beech has, at some time, been down

valley from montane seed sources. It does appear though, that water 

transport of seed has not been such an important factor as has been 

thought. What may be more important are freshly-disturbed sites 

available along-side streams. The isolated, spreading pockets of 

mountain beech on the west and north-vlest flanks of the Longwood 

Range provide an ideal opportunity to closely study the species! 

spread, into both silver beech and rimu-dominated podocarp forest. 

The rate of spread and perhaps the mechanisms involved could be deter 

mined through detailed monit of the stands. It is ~uite possibl 

that a number of mountain beech stands like the one described on p 69 

(Vol. I) exist on the western Longwood mid-slopes; several reports 

of other mountain beech stands in this area could not be confirmed. 

The direction of spread of both mountain and silver beech 

in Fiordland has to be determined. Indeed, there is no firm 

evidence that any long-distance migration of beech in or from Fiord-

land has occurred. One avenue of investigation is more and 

better-dated pollen diagrams from the region. Advances in unravel-

ling Post-Glacial climates and vegetation are 1 to come from 

new pollen diagrams from the southern South Island, a zone of strong 

westerly air-flow where abrupt regional variations in existing 

climates and vegetation occur. Similarly, macro-fossils from the 

many poorly-drained sites in the region could 

vegetation and climate. 

e clues to past 

Finally, some detailed studies on the autecology of promin

ent species, particularly the podocarps, would be pertinent. Inter

preta tion of pollen diagrams, for example, is hindered by the ina<de-
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quacies in present knowledge on species site preferences. On the 

basis of distribution, rimu seems to prefer a damp, temperate, 

coastal climate while matai, kahikatea and true totara can tolerate 

drier climates with heavier frost, and drought, but better evidence 

for this suggestion is lacking. Discovered by chance, the possibil

ity of dormancy mechanisms in rimu seed could be followed-up in the 

laboratory using seed from a variety of forest sites and micro-sites 

within these. 
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