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Abstract 

This study presents the results of the investigations into the ecology of the threatened 

shrub species (Scrophulariaceae) Hebe armstrongii, Mt White, Canterbury, New 

Zealand. 

There are four populations of Hebe armstrongii located in the study area (Nigger 

Valley) comprising of 1730 plants. All four populations had similar population 

structure in terms of height and canopy spread classes and regeneration. Throughout 

these four populations there was an observed absence of juveniles, indicating a lack of 

regeneration although plants were found to be flowering and setting seed. 

Herbivory, which has previously been the documented limiting factor in the 

regeneration of this species, appeared to have no affect on regeneration in the present 

study. There were no significant differences in population structure or health between 

open and enclosed areas. 

There are four vegetation communities identified within the study area, two 

predominately grassland communities and two grassland-shrubland communities. Hebe 

armstrongii was associated with two vegetation communities; a community dominated 

by Halocarpus bidwillii and to a lesser extent a community dominated by Ozothamnus 

leptophylla and Agrostis capillaris. These communities were distributed on Big Flora 

and Little Flora terraces and on the island in the Mounds of Misery. Moss and 

Leucopogon colensoi were the species most frequently associated with Hebe 

armstrongii, while the shrub species Halocarpus bidwillii and Ozothamnus leptophylla 

to a lesser extent. 

With the implementation of the management by research suggested by this study, the 

further decline and possible extinction of wild Hebe armstrongii populations may be 

avoided. 



Chapter 1: Introduction 

Chapter 1: 

Introduction 

All populations change in size, density and distribution over time and these changes can 

eventually lead to species extinction. Threats, rarity and extinction are natural 

phenomena although human activities have dramatically increased these events (Mace 

& Kershaw, 1997). There is a need to understand human induced threats, species rarity 

and extinction, in terms of causes and consequences, if conservation of biodiversity is 

to be successful (Reveal, 1981 ). In the assessments of the severities of threats on rare 

species or on forms of rarities that are most vulnerable to extinction, and if restoration 

or conservation attempts are to be successful, it is important to understand aspects 

contributing to the decline or restriction of the threatened or uncommon species. This 

involves understanding the life history and ecology of the species, threats the species 

faces and the interactions between them (Pavlik et al., 1993; Pavlik & Manning, 1993; 

Pantone et al., 1995; Mace & Kershaw, 1997). There are many questions about rarity 

that are not directly linked to conservation i.e. population dynamics of rare species and 

the causes of rarity. However, the strong focus on rare species in conservation is based 

on the belief that rare species have a greater chance of becoming extinct than other 

species. Therefore the prevention of rare species becoming extinct is the central 

objective of conservation (Gaston, 1994). 

1.1 Threats 

Threats to rare species revolve around the population dynamics of the species and the 

population's interactions with other physical and biological factors, including those 

resulting from human activities (Reveal, 1981 ). Threats can be the consequence of a 

combination of either biotic and/or abiotic processes of past and present human 

activities directly or indirectly influencing a species or their surrounding environment. 

As a result, threats to rare species are difficult to characterise (Reveal, 1981 ). Dopson 

et al, (1999) identifies seven major factors threatening rare plant species in New 

Zealand habitat loss, browsing and grazing, weed encroachment, lack of legal land 

protection, trampling by animals, reproductive disruption and over collection. Habitat 

'I 
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loss (78%), browsing and grazing (64%) and weed encroachment (59%) were the most 

frequent fonns of threat that plant species having high conservation priority faced, 

although Dopson et al, ( 1999) acknowledges that plants can be subjected to multiple 

concurrent threats. 

1.2 Rarity 

Although the term 'rare' has a variety of meanings in the common usage and 

throughout the literature (Gaston, 1994; Mace & Kershaw, 1997; de Lange & Norton, 

1998), in the context of population and community biology a rare species is generally 

considered to have low abundance and/or small ranges. However these general terms 

are unfortunately not always clearly defined (Harper, 1981). Reveal (1981) defines 

rarity as "the current status of any species, which, due to any combination of biological 

and physical factors, is restricted in number or distribution". Most definitions are 

based on the relative weighting of biological measures (history, taxonomy and 

abundance), threat measures (risk of extinction), and values measures (how special the 

species are) (Gaston, 1997). There are, however, problems associated with the 

sampling of rare species, for example, distinguishing between absence from genuine 

rarity and absence resulting from poor sampling (de Lange & Norton., 1998). 

Rarity in itself does not, however, imply endangerment or impending extinction of a 

species (Reveal, 1981; Mace & Kershaw, 1997; de Lange & Norton, 1998). A species 

might be quite rare, yet reproducing and competing successfully in those few sites it 

exists. Also, a species that has recently evolved may currently be rare, although it has 

potential for a larger population and range size (Reveal, 1981 ). Regardless of definition, 

the rarity of a species will be influenced by the spatial and temporal scales at which this 

concept is applied (Harper, 1981). 

The concept of rarity is a phenomenon in time as well as space (Gaston, 1997). Species 

are deemed rare because their populations have been assessed at a time and place when 

either the population size and/or habitat range have decreased, or the population is at 

the edge of the species range and is therefore occupying sub-optimal habitat (Mace & 

Kershaw, 1997). There are four recognised trends in extreme population fluctuations 

over time, firstly the species stays at a constant state of high abundance, secondly the 
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species abundance decreases from high abundance to rarity, thirdly the species 

abundance increases from rarity to high abundance, and fourthly when a species stays at 

a constant state of rarity (Harper, 1981 ). 

A habitat site is a patch of the mosaic that provides the conditions and resources that are 

needed by individuals of a particular species to become established, complete their life 

cycle and leave descendants (Harper, 1981 ). In a sense, the concept of a habitat site 

defines the spatial element that is the fundamental niche of a species. For many species 

and perhaps for most, the number of available habitat sites greatly exceeds the number 

actually inhabited. Therefore the rarity and abundance of a species depends on the 

interactions between characteristics of the inhabitable sites and the characteristics of the 

species (Harper, 1981). Clearly, habitat size, number of habitats, the carrying capacity, 

the time in which the site remains inhabitable, and dispersal between inhabitable sites, 

all determine the species abundance and distribution through time and space (Harper, 

1981; Reveal, 1981; Gaston, 1994; Mace & Kershaw, 1997). 

As there are a variety of factors causmg rarity, the evolutionary and ecological 

consequences of rarity could be equally diverse (Rabinowitz, 1981). The causes for 

rarity can be divided into two main types; the first is the rarity that is unrelated to 

human activities and the second is the rarity that is directly or indirectly related to the 

actions of humans (Reveal, 1981). If a species is now rare and has (in human terms) 

always been rare, and this rarity is not a result of human activity, then there must be 

some type(s) of biological and or physical barriers preventing the species from being 

common. Therefore, there is little that we can or should do to expand the geographical 

distribution and abundance of species with this type of rarity (Harper, 1981; Reveal, 

1981; de Lange & Norton, 1998). Gaston (1994) suggests that there are four reasons 

for the causes of rarity that is unrelated to human activities: environmental constraints; 

reproductive systems; colonisation ability and historical factors. 

It is, however, apparent that throughout the world human influence is becoming the 

single most dominant cause for rarity, either directly or indirectly (Reveal, 1981 ). 

Human activities affect species distribution, population size and health both directly 

and indirectly through habitat destruction (Widyatmoko & Norton, 1997), introduction 

of species (King, 1983; Saunders & Norton, 2001) and the direct impact on species and 
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factors necessary for the survival (Cooke, 1981; Cowan et al., 1997). It is, however, 

difficult to characterise traits that cause rarity (both human induced or natural), as some 

characteristics are themselves correlated. Therefore it would seem that no broad 

generalisations can be made about the causes of species rarity (Harper, 1981; Kunin & 

Gaston, 1997). For this reason the classification of rare species into categories is 

important, as discussed below (Section 1.4). 

1.3 Extinction 

Extinction is the condition that arises from the death of the last surviving individual of a 

species, globally or locally (Begon et al., 1996). Natural extinctions are a result of 

extreme fluctuations in abundance and distribution of a species, and there can be 

several different causes for these fluctuations. A species may be biologically 

vulnerable to natural and biological processes, or it may be unable to adapt to the 

evolutionary changes in the landscape and climate, or from regional modifications in 

the biota (Reveal, 1981). Any combination of these factors can ultimately lead to a 

species becoming rare and eventually extinct (Mace & Kershaw, 1997). Species 

extinctions directly or indirectly related to human activities, as with rarity, are a result 

of habitat fragmentation or loss and the introduction of other species (Caughley, 1994). 

1.4 Classification 

The classification of species into categories is based on their supposed risk of 

extinction. The main reasons for the classification is to inform the public which species 

are threatened, to draft and implement legislation on threatened species, to set priorities 

for funding and management for the conservation of these species, and to arrange 

threatened taxa species into groups that can be managed and perceived by the users ( de 

Lange et al., 1999) 

The best known classification system is that of the International Union for Conservation 

of Nature and Natural Resources (IUCN). Although this system is the most widely 

used, it has limitations (de Lange & Norton, 1998; Gigon et al., 2000). The system was 

revised in 1994 in order to address the known limitations (de Lange & Norton, 1998). 

However, there are still problems with the revised system, especially the assumption 
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that all uncommon species are threatened ( de Lange & Norton, 1998). This assumption 

is not valid, as many species can be naturally uncommon and are under no direct threat 

of extinction (Mace & Kershaw, 1997). 

There are alternative classification systems to the IUCN system, such as the system 

proposed by Rabinowitz ( 1981 ), which classifies uncommon species on the basis of 

geographical range, habitat specificity and local population size. Although this system 

provides an improved evaluation of the causes for uncommon species, there are still 

difficulties distinguishing between uncommon species that are under no direct threat of 

extinction and those that are genuinely threatened of extinction (de Lange & Norton., 

1998). 

A system proposed by de Lange & Norton (1998) addresses three key problems 

associated with the above-mentioned systems; the need to distinguish between those 

species that are naturally uncommon and those that are uncommon due to human 

activities, and the need to identify species that are declining but are not yet threatened 

with extinction. The key features of this new system are that it retains the IUCN 

categories but introduces new categories for naturally uncommon and recovering taxa, 

taxa that are not yet seriously threatened, and it removes the lower risk category but 

retains the category for taxa with insufficient known. 

The most recent system developed by the Department of Conservation (DOC) for New 

Zealand's flora and fauna categorises biota into three broad categories: Acutely 

threatened (which includes Nationally critical, Nationally endangered and Nationally 

vulnerable), Chronically threatened (including Serious decline and Gradual decline) and 

At risk (including Range restricted and Sparse) (Molloy et al., 2002). This system 

incorporates the key points proposed by de Lange & Norton (1999) and those 

previously in use within DOC (Molloy et al., 2001). With this new system, DOC 

intends to incorporate species recovery with site based management conservation 

programmes (Molloy et al., 2001). 
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1.5 Conservation 

Modem conservation theory was developed towards the end of the 19th century and was 

meant to promote wise use of lands and resources so as not to destroy the environments 

capacity to serve future generations (Meffe & Carroll, 1997). Conservation theory can 

be divided into two separate schools of thought; the small-population paradigm and the 

declining population paradigm. The small-population paradigm is a relatively recent 

theory, emerging in the early 1980s. This paradigm is concerned with the population 

consequence of rareness or smallness (Caughley, 1994), focusing on the population 

genetics and population dynamics of populations at risk of extinction, as a direct result 

of small or capped population size. This theory has a strong population theory base, 

though it has poorly developed links with practical conservation. The declining 

population paradigm focuses on detection, diagnosing and halting of population 

decline. This theory, in contrast to the small population paradigm, provides the means 

by which the practical conservation problems could be solved, though it is lacking in 

scientific theory (Caughley, 1994). 

1.6 Study objectives and justification 

There are 65 species of the genus Hebe that are listed as acutely threatened or 

chronically threatened or at risk (Molloy et al., 2002). Of these 65 species, 14 are 

threatened, including Hebe armstrongii (Nationally Endangered), seven species are 

classified as uncommon, with the remaining 44 species either having a restricted range 

or information about them is lacking (Molloy et al., 2002). H armstrongii is a 

distinctive whipcord hebe species that is commonly grown in gardens but very 

uncommon in the wild, with the only known wild populations restricted to the 

Canterbury high country. This species was, in fact, thought to be extinct in the wild 

until recently (1970s), when it was rediscovered in a Halocarpus bidwillii community 

now known as Enys Reserve and later in the Nigger Valley on Mt White Station 

(Molloy, 1990). Other than the monitoring of permanent plots in the Nigger Valley and 

Enys Reserve by the DOC, no previous ecological research has been undertaken on the 

species. This lack of knowledge regarding Hebe armstrongii has made active 

management attempts difficult. 

i: 
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As it has been suggested that H. armstrongii is under real threat of extinction in the 

wild (Dopson et al., 1999), it is hoped that this research will improve the understanding 

of the distribution of wild H. armstrongii populations and the possible factors affecting 

their distribution. This research provides ecological infonnation for future active 

management contribute to preventing the further decline and the possible extinction of 

H. armstrongii in the wild. 

The thesis of this research is the effects of the vegetation composition and the 

vegetation structure of the study site on the distribution and size of its H. armstrongii 

populations. More specifically, this study addresses the following key tasks: 

• Characterise and describe the vegetation communities present in the study area; 

• Identify the plants that typify those communities; 

• Measure the distribution of H. armstrongii in the identified communities; 

• Quantify the potential for the vegetation patterns in the Nigger Valley to be used 

to explain the current H. armstrongii population sizes and their distribution; 

• Assess the total number of H. armstrongii plants occurring at the known sites; 

• Describe the overall distribution of H. armstrongii in the study site; 

• Describe the size distribution within and between the main populations; 

• Identify factors that could be affecting the known populations; 

• Assess the extent herbivory is affecting the height and spread distributions of H. 

armstrongii. 
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1.7 Thesis overview 

This thesis is arranged in seven chapters as outlined below: 

Chapter 1: 

Chapter 2: 

Chapter 3: 

Chapter 4: 

Chapter 5: 

Chapter 6: 

Chapter 7: 

General introduction to threats, rarity, extinction, threatened species 

classification and conservation. 

General description of the genus Hebe and specifically the study species 

H armstrongii, including known distributions prior to this study and all 

known management at both the study site and in Enys Reserve. 

Study area description including climatic and geological comparisons 

between the Flora terraces and Mounds of Misery. 

Description of the vegetation associations of the study area within the 

Nigger Valley. 

Description of the population and size distributions H armstrongii, 

including the possible association with surrounding vegetation. 

Implications the findings have to the possible management of H. 

armstrongii, including locating similar habitats throughout the South 

Island to the Nigger Valley. 

General conclusion of this studies findings in the form of a Recovery 

Plan for H. armstrongii. 
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Chapter 2: 

Study area 

2.0 Introduction 

This chapter gives a brief description of the study areas landforms, climate, vegetation 

(historic and current) and human history. Detailed descriptions of the soil formation and 

climatic patterns of two populations of Hebe armstrongii with the highest density (on 

the island in the Mounds of Misery and on a Little Flora terrace) are also provided. 

Comparisons between these two populations of H armstrongii are undertaken in order 

to establish any possible differences in habitat. 

2.1 Site description 

2.1.1 Location 

This study was undertaken in the Nigger Valley on Mt White Station, a Canterbury high 

county farm in the Cass Ecological District, Canterbury, New Zealand (Figure 2.1). The 

study area (Nigger Valley) is adjacent to Arthur's Pass National Park (Figure 2.2) and 

individual areas are referred to as: Mounds of Misery (Figure 2.3) and Flora Terraces 

(Figure 2.4) (42°57'S, 172°03 'E; 800 m: NZMS 260 L33). 

2.1.2 Geology and landform 

The Arthur's Pass region is a complex system of folded Torlesse supergroup, 

greywacke rocks and Haast schist group rocks. The Flora Terraces and the Mounds of 

Misery are both part of the same large valley system that is located between the 

Candlestick and Poulter Ranges (Cave, 1987). 

2.1.2.1 The Flora terrace system. 

The Flora terrace system is comprised of fluvial and glacial deposits including ice 

moulded hills that extended from the floodplain gravels of Flora Stream to the small 

stream south of Little Flora. Most of the landforms in this system are a result of the 

flooding from the recession of the Blackwater Advance of the Otira Glaication (10,000 -

19,000 years B.P.) (Cave, 1987). The extensive flights of terraces beside Nigger Stream 

were cut when the sediment supply to Nigger Stream decreased after the 



Figure 2.1 Location of the study area (indicated by red box) Cass, Canterbury high country, New Zealand 
(Map taken from Dept. of Survey and Land Information map 260-L33). 
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Figure 2.2 Location of the study area (highlighted by the red line), Nigger Valley, Mt White Station, Cass, I I Kilometres I I 
Canterbury high country, New Zealand (Map 260-L33 taken from Dept. of Survey and Land 
Information). 
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Blackwater recession (about 13,500 years ago). Drainage on some of the terraces 1s 

poor, which lead to the formation of terrace tread back-swamps (Shanks eta!., 1990). 

___ .,,~~ 

~~~ 

Figure 2.3 The largest tam in the Mounds of Misery, including the Hebe Island. 

Figure 2.4 The H. bidwillii population on the Flora terraces in the Nigger valley. 

2.1.2.2 The Mounds of Misery. 

The Mounds of Misery are a moraine of hummocky topography containing numerous 

tarns and swamps within the hollows. This was formed when the Cox Glacier receded at 

the end of the Blackwater advance. Most of the tarns and swamps were formed from ice 
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segments that melted as the ice receded. The alluvial flats east of the Mounds of Misery 

formed at the last glacial advance which deposited coarse gravel across the floodplains. 

The fans of the Lochinvar Stream Catchment were formed during postglacial time when 

large debris flow fans and smaller fans extended onto the alluvial flats. These 

movements were to due to extensive scree slope and rock avalanches, which were 

induced by earthquakes (Shanks et al., 1990). 

2.1.3 

2.1.3.1 

Soils 

The Flora terraces. 

The soil types of these terraces consist of Craigieburn high country yellow-brown earths 

(silt loams and sandy loams with low to very low nutrient status) (NZSB, 1968), with 

more developed soils on the older terraces. Terraces, moraine surfaces and fans have 

Cass soil form (silt loams, sandy loams and stony loams with low to very low nutrient 

status) (NZSB, 1968) with a variety of profiles that are, dependent on landform and 

erosion history. Within swamps Lyndon gley soils (poorly drained anaerobic soils 

usually formed from alluvial parent material) (McLaren & Cameron, 1996) are found 

and Tasman recent soils (sandy loams and silt loams which are mainly shallow and 

stony with medium to low nutrient status) (NZSB, 1968) occur on the floodplains 

adjacent to Flora stream (Shanks et al., 1990). 

2.1.3.2 The Mounds of Misery. 

The Mounds of Misery have high country yellow-brown earths of the Cass soil form 

with Lyndon gley and organic soils common within the swamps and adjacent to the 

tarns. The surrounding mountains and fans have podzolised (strongly leached acidic 

soils) (McLaren & Cameron, 1996) variants of the Bealey soil (silt and stony loams with 

low to very low nutrient status) on the lower slopes and Tekoa high country yellow

brown earths (stony and silt loams with low to very low nutrient status) are present up to 

approximately 1065m with Kaikoura soil form (silt, sandy and stony loams with very 

low nutrient status) above (NZSB, 1968). The alluvial fans are recent Tasman soils 

(Shanks et al., 1990). 
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2.1.4 Vegetation History 

2.1.4.1 New Zealand 

In pre-anthropogenic times (3000 years B.P.) New Zealand landscape had an 85-90% 

forest cover, with only 15% of the South Island and 1.5% of the North Island above the 

timberline (McGlone, 1989). Grasslands and shrublands occurred as they do now on the 

river terraces, frost prone valley floors, and recently disturbed areas that were normally 

forest covered. Wetlands with sedges, rush, and shrubland were also common although 

forested wetlands were more frequent (McGlone, 1989). 

The pre-anthropogenic landscape of Canterbury was predominantly Podocarp

Angiosperm forest in the lowlands, and Nothofagus forest in the montane and subalpine 

zones (Molloy, 1969). These forests were considered to have more or less continuously 

covered hills and mountains to the tree limit (1200-1400 m) from the main divide to the 

coastal hills, including Banks Peninsula. Grasslands and shrublands were present in 

areas including above the tree line, enclaves within forests, poorly drained sites, forest 

sites, stony well-drained areas and young soils formed on alluvium and accumulating 

loess. The pre-anthropogenic forest distribution does not differ greatly from the forest 

remnant distribution of today; Nothofagus forests are still found in Canterbury 

discontinuously spread from the Kaikoura Ranges south to Lake Ohau (Molloy, 1969). 

Subfossil material and geographic distributions show that about 700-1000 years ago 

burning in coastal regions had begun and later moved inland (Molloy, 1969; McGlone, 

1989; Ogden et al., 1998). The most plausible indicator for anthropogenic fires is the 

increased microscopic charcoal at sites, together with the decline of forests and the 

spread of bracken and grassland (McGlone, 1989; Ogden et al., 1998). Ogden (1998) 

recorded fires at 200 year intervals throughout the Holocene period and a four fold 

increase in fires over past 3000 years coinciding with human settlement. 

The drier, fertile lowland areas that covered the coastal regions and plains were the first 

to be burnt (Molloy, 1969; McGlone, 1989). Large portions (about 70 %) of both 

Nothofagus, and Podocarp-Angiosperm forests were burnt, with the fires reaching into 

the basins, mountain valleys and low passes, destroying forests as well as scrub and 

alpine grassland areas (Ogden et al., 1998). Although the fires were extensive, not all 

---------~ 
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vegetation was destroyed. Many foot hill and Banks Peninsula Nothofagus and 

Podocarp-Angiospenn forest stands remained unburnt. Many stands in the higher 

rainfall regions of the upper Waimakariri basin and southern mountain valleys were also 

not destroyed (Molloy, 1969; McGlone, 1989). 

The remammg Nothofagus forests generally expanded to re-occupy original areas. 

Nothofagus is thought to be a slow migrating species, therefore secondary scrub species 

and snow tussock grassland often occupied the strongly leached and impoverished soils 

of the former beech dominated areas. The grassland in Canterbury now widespread 

above 900 m was derived from alpine zone species, which had migrated down slopes 

after fire (Molloy, 1969). 

2.1.5. 

2.1.5.1 

Current vegetation 

The Flora Terraces 

A large proportion of the flat outwash terraces are occupied by Halocarpus bidwillii 

shrubland. These H bidwillii grow standing free of other vegetation or in groups, 

between the groups are large patches of bare ground. There are small areas of Discaria 

toumatou scrub along the Nigger stream, as well as on some of the terraces between the 

H bidwillii areas and the slopes of both Little Flora and Big Flora. The grassland areas 

contain Agrostis capillaris, Festuca novae-zelandiae, Holcus lanatus and Anthoxanthum 

odoratum as well as Chionochloa rubra subsp. cuprea in the boggy areas of the terraces. 

The surrounding mountain slopes are occupied by Nothofagus solandri forest (Shanks et 

al., 1990). 

2.1.5.2. Mounds of Misery. 

The area surrounding the Mounds are scattered with remnants of Nothofagus solandri 

forest. Tussock grasslands that cover large areas of the mounds contain Agrostis 

capillaris, Festuca novae-zelandiae, Anthoxanthum odoratum and Aciphylla aurea. 

Turfland formed around the margins of the tams containing species such as 

Myriophyllum proprinquum and Epilobium angustum. The island in the middle of the 

largest tam contains Hebe armstrongii and Hebe venustula. Some areas around the 

mounds contain Halocarpus bidwillii and Hebe odora shrubland. The slopes surround 
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the Mounds of Misery have continuous N solandri forests up to 1400 m (Shanks et al., 

1990). 

2.1.6. Human history 

Mt White station is 38 700 ha leasehold property that was first leased to J.C. Aitken in 

1857 in the name of T.W. White, but the T.W. White didn't stock his part so it was 

taken over up by E.C. Minchin. In 1857 and 1858, E.C Minchin bought out Aitken and 

Minchin's sons William and John managed the land. Their homestead was at Petes 

Creek up the Poulter River Valley. The rest of the run was bought by T.W White in 

1860 and he managed the land with his brothers. Their homestead was at the present 

site at Lake Letitia. Minchin bought the place back in the late 1860s, and sold in the 

1870, to J.M. Crochran and E. Gray. Gray sold his share to Crochran in 1875. The N.Z. 

loan and Mercantile Co. took over in 1885 and in 1902 sold the place to F.J. Savill, 

J.Studholme and W.K. McApline bought it in 1910 and sold to A.R, D.C. and R.T. 

Turnbull in 1924. The Turnbull family still owns the station (Burrows C.J., 1977b ). 
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2.2 Soil fertility and microclimate 

2.2.1 Soil nutrient availability 

2.2.1.1 Introduction 

The amount of nutrients that plants can obtain from the soil via the soil solution varies 

greatly between soils. Differences in soil nutrient availability are generally related back 

to the different parent materials from which the soil originated. The wide range of 

chemical elements that are required by plants can be divided into the two major groups 

of macronutrients and micronutrients (or trace-elements) according to the relative 

amounts present in plants. Elements such as nitrogen (N), carbon (C), potassium (K) 

and phosphorus (P) are a few of the macronutrients that are generally found in relatively 

high concentration in plant dry matter, and therefore the concentration with which they 

occur in the soil influences plant growth (McLaren & Cameron, 1996). 

The soil nutrient analysis was undertaken to test the differences between the 

macronutrients N, C, P, exchangeable Kand the C:N ratio, among the Island population, 

the Big Flora population and the Little Flora population (see Chapter 5 for the 

population groupings). 

2.2.1.2 Methods 

Within eight of the vegetation plots (see Chapter 4) three soil samples were collected. 

Samples were based on soil cores 30 cm deep and 200 mm in diameter. Each soil core 

was placed in a sealed plastic bag and kept in a cool store. In preparation for analysis 

the three samples from each plot were mixed together, sieved (<2 mm) and dried. Soil 

nutrient analyses were undertaken by the Institute of Geological and Nuclear Sciences 

Ltd (GNS) using the element analyser Europa Geo 20/20. 

Statistical testing was undertaken to compare levels ofN, C, P and K between the Island, 

Big Flora and Little Flora populations. The statistics utilised the SAS system VS for 

windows; General Linear Model (GLM) analyses were undertaken at 95 % confidence 

intervals. 

" 
I 
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2.2.1.3 Results 

The GLM analyses showed that there were no significant differences in the levels of P 

and exchangeable K between the three populations, but the island population had 

significantly higher levels of N and C than both Big and Little Flora (Table 2.1 ). There 

was, however, no significant difference in N and C between Big Flora and little Flora. 

Table 2.1 Comparative soil analysis of three H. armstrongii populations: (1) Island site, (2) Big Flora 
population, and (3) the main Little Flora population. All measurements are normalised to 
VPDB using NBS-22 and AND-sucrose (International standards). The chemical analyses of 
the soil sets common in the Study area are listed as a comparison and sourced from the Soil 
Bureau (1968). 

Exc-K 
Populations %N %C C:N P (mg/kg) 

(cmol(+)/kg) 

0.47 ± 0.03A 8.87 ± 0.47A 19.08 ± 0.01 4.5 ± 0.5 0.28 ± 0 

2 0.25 ± 0.01 8 4.21 ± 0.668 16.78±3.10 5.5 ± 3.5 0.19 ± 0.02 

3 0.26 ± 0.01 8 4.68 ± 0.15 8 17.86 ± 0.29 2.5 ± 0.3 0.19±0.02 

Sealey 0.18 2.1 12 3 0.65 

Cass 0.26 4.8 18 7 1.35 

Craigiebum 0.24 3.3 14 1.05 

Kaikoura 0.28 5.2 21 8 1.05 

Tasman 0.31 4.4 14 2 1.5 

Tekoa 0.27 3.9 15 4 0.9 

2.2.1.4 Discussion 

The general soil types in the Nigger valley are classified as having medium to very low 

nutrient status (NZSB, 1968; Gibbs, 1980), this has been attributed to the nature of the 

parent material and its consequent weathering (McLaren & Cameron, 1996). 

The Mounds of Misery are part of the Cass soil set, which are silt, sandy and stony 

loams with medium to low nutrient levels. Chemical analyses of the soil on the Island 

site show higher levels ofN, C, C:N and lower levels of P and exchangeable K than that 

of the analysis results by the Soil Bureau in 1968 for this soil type (Table 2.1 ). The soils 

on the Flora terraces are part of the Craigiebum soil set which are silt and sandy loams 

with low to very low nutrient levels. Soil chemical analyses undertaken show higher 
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levels of C, C:N, and P levels, relatively similar N levels and lower exchangeable K 

levels than the analyses done by the Soil Bureau in 1968 for this soil type. 

The island site has significantly higher levels of N and C than the Flora terraces (Table 

2.1 ), which is not accounted for by the differences in the soil sets (the soil sets appeared 

to have similar nutrient levels (Table 2.1)). The differences could therefore be attributed 

to dissimilar management and vegetation cover of the two sites. The island is presumed 

not to have experienced any form of management (including grazing by stock and fire) 

as it is isolated by water, which reduces the rate of soil degradation. The Flora terraces 

however are currently grazed by stock and have been burnt in the past; these forms of 

management are known to contribute to the degradation of the soil nutrient levels 

(McLaren & Cameron, 1996). 

Although the nutrient levels of the present study differ slightly from the levels recorded 

in 1968 (more general for this soil type), they are still broadly similar and in agreement 

with the nutrient levels described for the soils sets (NZSB, 1968). The analysis 

undertaken by the Soil Bureau was not done at the present study location but in other 

areas of Canterbury where the two soil sets also occur, which could account for the 

subtle differences in the nutrient levels. 

2.2.2 

2.2.2.1 

Climate 

Introduction 

Climatic factors are known to effect the growth of plants. These factors, for example 

temperature, relative humidity and light, vary with space and time. The influence of 

these factors, especially on plant growth is highlighted by (Begon et al., 1996; McLaren 

& Cameron, 1996). In the research on the ecology of a species' habitat it is important to 

understand the abiotic factors as well as the biotic factors that have the potential to 

influence an aspect of the species environment. 

The position of the Southern Alps south of the subtropical high pressure and north of the 

core of westerly winds accounts for the seasonal shifts between the westerly winds in the 

winter months and the high pressure system in the summer months. The weather of the 

Waimakariri basin (including Mt White Station) experiences the coldest mean annual 

temperature (-1.2° C ± 0.1 ° C) in July and the warmest mean annual temperature (20.6 ° 

l 
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C ± 0.1 ° C) in February, with a mean annual temperature of 8.8° C ± 0.1 ° C (based on 

equations in (Norton, 1985)). Mt White Station has an annual rainfall of 1045 mm 

(from 1951 -1980) (Service, 1983), whereas Arthur's Pass has a recorded annual rainfall 

4234.8 mm (from 1998-2001, data sourced NIWA). The study area, however, is more 

likely to have similar rainfall to Mt White Station than Arthur's pass, as the study area is 

closer to Mt White Station and further east of the Southern Alps. 

To further quantify climatic conditions at the study site, climatic factors were measured 

at two locations, in the hare and stock exclosure plot on Little Flora terrace and on the 

island, Mounds of Misery. Three variables were measured at each of the sites: 

( 1) air temperature, 

(2) soil temperature, 

(3) relative air humidity, 

These variables were measured for three reasons: 

a) to determine that both site experienced similar weather conditions, 

b) to provide data for habitat modelling ( environmental domains) and 

c) to provide a comparison with other climate data in the region. 

2.2.2.2 Methods 

The Three climatic factors mention above were measured at Little Flora Terrace and the 

island in the Mounds of Misery. Campbell CRlOX data loggers were used to record half 

hourly averages of: 

1) Air temperature and relative humidity usmg a Vaisala temperature and 

percent humidity sensor model 50Y, 

2) soil temperature (Campbell 107B temperature sensor) 

One datalogger was placed on Little Flora terrace at an altitude 780m and the second 

datalogger was placed on the island at 815m. 

Data loggers were placed in weatherproof plastic containers. Three relative humidity 

sensors were positioned at three different heights: 57cm, 112cm and 124cm in the hare 

and stock exclosure plot (Figure 2.6), and 23cm, 110cm and 112cm on the island (Figure 

I ' 
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2. 7), to account for open air and ground level differences. Each of the three soil probes 

at each site were placed approximately 20cm into the ground to measure the soil 

temperature at root depth. 

Figure 2.5. The hare and stock exclosure plot climate site on the Little Flora terrace. 
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Figure 2.6 . The Climate site on the island, in the Mounds of Misery. 

2.2.2.3 Results 

The comparison of the four climatic factors measured on the island and the hare and stock 

plot are shown in (Figure 2.8). There. does not appear to be a difference between the 

island site and the hare and stock exclosure plots for all four climatic factors measured. 

The relative weekly air temperature for both the island site and the hare and stock 

exclosure plot ranged from 3.5 - 25.5°C and 2.2 - 24.4°C respectively, while the weekly 

soil temperature ranged from 12.4 - 17.1 °Con the island and 9.2 - 16.7 °C in the hare and 

stock exclosure plot. The relative air humidity was between 30.3 - 100 % on the island 

and between 31.2 - 94. 7 % in the hare and stock exclosure plot. 
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Figure 2.7. Variation of the climatic factors over time (9.01.2001 - 9.03.2001): (A) Relative air 
temperature [0 C], (B) Relative soil temperature [0 C] and (C) Relative air humidity [%]. For 
plots (A), (B) and (C) open symbols represent the island site and closed symbol represent the 
hare and stock exclosure plot. For plots (A), (B), (C); ? maximum value; ? average value; 
and ? minimum values. 

2.2.2.4 Discussion 

The climatic measurements were taken in the two densest H. armstrongii populations, 

the island and the Little Flora terraces between 9.01.2001 and 9.03.2001 with the 

objective to ascertain any differences in the abiotic factors between the two populations. 

Both populations are in the same valley system and can therefore be expected to 

experience the similar general climatic pattern, such as air temperature and relative 

humidity; explaining the lack of differences between the two populations. 

! I 
I' 

I 
I 
! 



Chapter 3: The study species: Hebe armstrongii 24 

Chapter 3: 

The Study species: Hebe armstrongii 

3.1 Introducing the genus Hebe 

The genus Hebe (Scrophulariaceae) includes over 79 species recognised by Moore in 

Allan (1961 ). It is the largest native genus in the New Zealand flora ( de Lange, 

1996,1997; Gamock-Jones et al., 2000). Using generic boundaries there are an 

estimated further 20 species in addition to those recognised by Moore that are yet to be 

described (Gamock-Jones & Clarkson, 1994; Bayley et al., 2001). All but three of these 

79 described species are confined to New Zealand (Bayley et al., 2001). The most 

recent work either describes new species (e.g., (de Lange, 1996; Gamock-Jones et al., 

2000; Bayley et al., 2001)), reinstates species not recognised by Moore (e.g., (Gamock

Jones & Clarkson, 1994; de Lange, 1996)), or reassesses and modifies the ranks of 

species already recognised ( e.g., ( de Lange, 1997;de Lange & Norton, 1999; Wagstaff & 

Wardle, 1999)). 

The hebe complex comprises of Chionohebes, Hebe, Parahebe, Heliohebe (Gamock

Jones, 1993), and Leonohebe (Heads, 1994), which are segregates of the Veronica genus 

(Scrophulariaceace: Veroniceae ). The species within the Hebe genus are separated into 

ten sections: Subdistichae, Apertae, Occlusae, Subcamosae, Buxifoliatae, Flagriformes, 

Connatae, Paniculatae, Grandiflorae, and Semiflagriformes (Table 3.1). The 

Flagriformes group contains the whipcord hebe species (Allan, 1961) to which Hebe 

armstrongii belongs (and has been placed in Leonhebe by Heads (1994)). 

3.2. The genus Hebe 

Hebes are evergreen shrubs or small trees with opposite leaves. The leaves are usually 

entire, though often toothed in seedlings, and rarely show veins other than the midrib. 

Flowers occur in axillary or terminal racemes or spikes, and inflorescences sets are 

compound. Calyxes are usually deeply and almost equally 4-lobed and, when the fifth 

lobe is present, it is usually smaller. Corollas are either short or long tubes with four sub 

equal spreading lobes. Both the two stamens and the anthers are contained within the 

tube, with the long style and stigma capitate. Capsules are dehiscent by the sagitital 
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splitting of the septum. Each carpel opens by the distal median suture through the 

septum wall and in varying capsule degrees also through the locule wall. The septum 

usually crosses the widest diameter of the carpel and the capsules can be dorsally 

compressed. The seeds are usually flattened and smooth (Allan, 1961 ). 

Table 3 .1 Lists of section within the Hebe genera. (Allan, 1961) 

Group Number of species 

Subdistichae 11 

Apertae 7 

Occlusae 20 

Subcarnosae 10 

Buxifoliatae 2 

Flagriformes 13 

Connatae 5 

Paniculatae 3 

Grandiflorae 1 

Semiflagriformes 3 

3.3 The Flagiformes 

The hebes in the Flagriformes group are small shrubs with terete or tetragonous 

whipcord like branches that are covered with scale like leaves. The intemodes are 

bifariously white-hairy, photosynthetic and very similar in appearance to the leaves. 

They are usually short and almost entirely hidden from view; the nodal joints at the base 

of the leaf are also not always externally visible. Their sessile and connate leaves can be 

appressed but not adnate. The leaves are usually overlapping, concavo-convex, and 

often keeled. The thick fleshy leaves, which maybe ribbed, are margined with cilia, and 

are conspicuously scattered with stomata on the abaxial surface. The flowers are sessile, 

simple, short, and crowded onto terminal spikes that are continuous with branchlets. 

Bracts are usually opposite and similar to the leaves but are typically larger and thinner. 

Abundant white woolly hairs cover the rhachis and base of the bracts calyx. The calyx

lobes are also ciliolate; with the anterior pair flat or slightly convex and fused in the 

lowest third or for the whole length, also overlapping the posterior lobes at the deep 

lateral clefts. The posterior lobes are often smaller than the anterior, and they are also 

keeled and separated by wide deep cleft or sometimes by a rudimentary fifth lobe. The 

corolla is usually white, with four lobes unequally spread which can be approximately or 
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greater than the tube. The glabrous capsule is dorsally compressed with the septum 

across the broadest diameter. The capsule exhibits a lateral groove near the apex, 

dehiscing septicidally with only the slightest loculicidal split (Allan, 1961 ). 

All fourteen species in the Flagrifonnes are confined to mountainous regions where the 

summits reach the climatic tree limit (Wagstaff & Wardle, 1999). Although cross 

breeding is not uncommon in the genus (Allan, 1961 ), hybrids between species of 

Flagrifonnes have not yet been detected. Species within this group are difficult to 

identify. As with most species in the hebe complex, whipcord hebes have a high light 

requirement, with seedlings establishing on bare ground (Widyatmoko & Norton, 1997), 

usually where erosion has displaced the local established vegetation. Mature plants are 

usually found in open, rocky areas, closed wetlands, grassland and shrub communities. 

They occur at a wide range of altitudes and persist in these areas as long as the 

surrounding vegetation does not overtop them. Those species that occur on exposed 

ridges and cold hollows form layering colonies only a few centimetres tall. Such 

prostrate forms appear to be genetically fixed (Wagstaff & Wardle, 1999). 

In habitats where conditions are severe enough to maintain a mosaic of open sites, 

including bare ground and patches of low density vegetation, whipcord species are often 

present. Even the most abundant species appear to have a naturally patchy distribution; 

areas of considerable abundance are separated by wide stretches of apparently suitable 

habitat without the presence of any whipcord species (Wagstaff & Wardle, 1999). 

3.4. Hebe armstrongii 

Hebe armstrongii was first described by JB Armstrong in 1879 from specimens 

collected in the Rangitata valley, South Canterbury. H armstrongii is a much-branched 

erect yellow green shrub about 1 m tall (Figure 3 .1 ). The intemodes aboutl-1.5 mm long 

and are partly exposed. The leaves are about 1 mm long and connate for up to two thirds 

of their length. The flowers are lilac colour in the wild (Figure 3.2). Their seed capsules 

are 3-3.5 x 1.5-2 mm in size (Allan, 1961). 
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Figure 3.1. A flowering H. armstrongii specimen. 

Figure 3.2. AH. armstrongii specimen. 

3.5 Recorded distribution 

The species has been described as occurring along the South Island mountain region 

from Nelson to Otago, more specifically in the Upper Wairau, Amuri, Mt Kurow 
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(Otago) and Rangitata valleys (Figure 3.3) (Allan, 1961). 
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Figure 3.3 Recorded distribution of H armstrongii (Allan, 1961) 
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Although Wagstaff & Wardle (1999) commented that for the whole Flagiformes section 

in the Hebe genus, "recognition of the taxa has always been considered difficult, and has 

lead to uncertainty about their taxonomic limits and distribution", Hebe armstrongii is a 

clear species. However, there is some doubt whether H annulata is distinct species 

from Hebe armstrongii. Wagstaff & Wardle (1999), in the most recent evaluation of its 

status, noted that there is virtually no difference between H armstrongii and H annulata 

either morphologically or within the DNA sequence region they examined. 

Nevertheless, they considered the two species distinct, due to the differences in the level 

of ploidy (H armstrongii n = 21, H annulata n = 42). The major distinction between 
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the two species is geographical, with H annulata confined to western Southland and 

Otago, while H armstrongii is currently confined to north Canterbury. The analyses of 

Wagstaff & Wardle (1999) also suggests that should new collections of either of these 

taxa be made between their present ranges (i.e., in south Canterbury or north Otago ), 

then the separation of these two taxa should also be reviewed. 

The collection of H armstrongii by Petrie from 'Kurow Mountains' (herbarium sheet 

AK 8251) on the border of the Otago and Canterbury regions, more than any other, has 

been a source of confusion {Allan, 1961 #37}{Wagstaff, 1999 #26}. This sheet 

contains a mix of a single flowering piece of H armstrongii and two fruiting pieces of 

H annulata. This undated sheet was labelled by Donald Petrie as "Veronica sp., Kurow 

Mts 3000 ft" (indicating that he had collected a unknown hebe species), these specimens 

were subsequently labelled by Cheeseman "Veronica armstrongii" (undated though 

prior to 1923). Ashwin subsequently (in Allen, 1961) identified the flowering specimen 

as H armstrongii and the fruiting specimens as H annulata. Ashwin also noted that 

Petrie named a new variety in 1913, "Veronica (Hebe) armstrongii var. annulata", based 

on the Takitimu Mountains specimens first furnished by Cockayne. Cockayne later 

raised Petrie's variety to species "Hebe annulata (Petrie)" (Cockayne & Allen, 1926). 

After which Petrie critically compared H annulata with H armstrongii (a species 

unknown to him from the wild), using a cultivate specimen from Armstrong's Rangitata 

origin. Petrie concluded that the Cockayne's specimen was sufficiently different to be 

treated as a new variety. In light of this, it seems most probable that Petrie collected the 

species H annulata from the Kurow location ( de Lange pers. com.). 

This assumption is support by the fact that botanists of that era generally never mounted 

their own collections, alternatively holding them together as loose specimens within 

folded paper allowing for the possibility of separate samples combining. Compounding 

this is the fact that these collections were generally private, often kept in disarray, and 

incorporated into the public herbarium after the collectors' death without the aid of the 

collector's notes or diaries. 

Furthermore, other historical H armstrongii specimens collected have also been re

identified. For example, the North West Nelson records of H armstrongii were placed 

into Ashwin's new species Hebe ochracea (in Allen, 19961) and Kirk's Wairau and 
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Amuri specnnens of Veronica armstrongii have smce been placed m the Hebe 

salicornioides by Cheeseman. 

Based on this brief review, it is evident that there is considerable uncertainty over the 

true historical distribution and taxonomical status of H. armstrongii specimens collected, 

remains enhanced by the apparent loss of populations from North Canterbury/South 

Marlborough and from the Rangitata Valley (D.A. Norton, pers. comm.). H. 

armstrongii is clearly very close to H. annulata, but for the purposes of this thesis the 

two taxa are considered distinct although a critical evaluation of their status is required. 

3.6 Current recorded distribution 

The first wild population of H. armstrongii documented since the early descriptions was 

reported by P. Wardle (1979) in a Halocarpus bidwillii community on the left of the 

Thomas River between Castle Hill and Cave Stream off State Highway 73 mid 

Canterbury. This population was estimated to contain 5-6 individuals. Subsequently 

two further populations were discovered on an unnamed island in a tam among the 

Mounds of Misery and in Nigger Valley, Esk River Catchment, both on Mt White 

Station, mid Canterbury. The initial estimates of population size there were about 300 

individuals on the island and 500 - 800 in the Nigger Valley (Molloy, 1990). 

The five known populations are very localised within Enys Reserve (Figure 3.4), Flora 

Terraces (Figure 3.5) and on the unnamed island on the Mounds of Misery (Figure 3.6), 

and there is little evidence of regeneration and adult plants appear to have stunted 

growth. Due to the limited distribution and apparent recruitment failure, H. armstrongii 

has been placed on the threatened plant list and ranked as Nationally Endangered (de 

Lange et al., 1999). Although H. armstrongii has a limited distribution in the wild it is 

widely grown in cultivation, apparently from cuttings collected from Rangitata Valley 

plants in the 19th century. 
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Figure 3.4 The Hebe population amongst a large Halocarpus bidwillii population at Enys Reserve 

Figure 3.5 Halocarpus bidwillii shrubland on the main terrace of Big Flora in the Nigger Valley. 
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Figure 3.6 . Hebe island in the Mounds on Misery 

3.6 

3.6.1 

Species management history. 

Enys Reserve 

32 

The following information on the management of H armstrongii populations has been 

collaborated from unpublished internal DOC reports and Department of Scientific and 

Industrial Research (DSIR) Botany report No 3 written by (Molloy, 1990). The Enys 

scientific reserve population was first surveyed to assess the site's reserve potential by B. 

Molloy on 29 January 1974. The plant community was described as a bog pine 

community; it was discovered to contain the threatened plant species H armstrongii by 

P. Wardle in December 197 4. Due to the rarity of this species the negotiations for the 

areas protection continued as the management of the species in the form of enrichment 

trials began. By 1978 the area was initially fence off and later gazetted as Enys 

Scientific Reserve in August 1985. 

The first H armstrongii seeds were collected in May 1975 by P. Wardle and the second 

lot by B. Molloy in 1977. The seeds collected in 1975 were germinated and transplanted 

into the reserve in 1978 as three-year-old seedlings. The second lot of seeds were 

germinated and transplanted into the reserve as two-year-old seedlings in 1979 and as 

three-year-old seedlings in 1980. All seedlings were hardened off in open holding areas 
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as juveniles. The seedlings were transplanted into three main habitats in the reserve: 

grassland, bare ground and Halocarpus bidwillii shrubland. These habitats were chosen 

as they were similar to those habitats the original H armstrongii plants are reported to 

have occupied (Molloy, 1990). In June of 1978, 15 three-year-old individuals were 

planted in the bare ground, 15 in grassland and 10 in the bog pine clumps. A further 14 

two year old individuals were plant in December 1979; 7 were planted in the grassland 

and 7 in the bog pine sites. In autumn of the following year (1980) another 12 three

year-old individuals were planted in the reserve; 6 in the grassland and 6 in the bog pine 

habitats. 

Other than the actual transplanting, the fencing of the reserve and fertilization, no other 

management was undertaken to any of H armstrongii plants either original or planted. 

The fencing that was erected around the reserve only prevented sheep and cattle grazing, 

thus the seedlings were a target for hare grazing. The grazing was assessed by the 

erection of two covered cages over two of the planted H armstrongii plant. The grazing 

was so apparent that by 1988 the fence around the reserve was made hare proof. 

Over the 24 years the reserve has been fenced off, several vegetation changes have been 

observed. Initially there was an increase in the naturalised grass species such as sweet 

vernal and brown top. There was also an increase in tussock species such as fescue and 

red. Shrubs such as D. toumatou and H bidwillii began to develop new growth, while 

bare ground slowly became colonised with naturalised species. 

B. Molloy assessed the Enys Reserve population in 1991, in this assessment it was noted 

that two of the seedlings had apparently died and the other seedlings' leaves had 

browned off which was thought to have been a reaction to the sudden stress of the winter 

cold and summer drying after being raised in cultivation. 
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Figure 3.7 A fenced off H armstrongii at Enys Reserve. 

3.6.1 Nigger Valley 

DOC records show that in the 1980s the H armstrongii populations in the Nigger Valley 

were assessed, but unfortunately records are incomplete. In 1989 a documented survey 

was undertaken by DOC of the H armstrongii populations on the Little Flora terraces in 

Nigger Valley. Four permanent transects were set up; two of which were by the main 

tarn on the northern end of the terraces near Flora stream and two further south along the 

terraces. At each of the 20 m transects starting from the southern end the height and 

width of every hebe plant was recorded as well as the presence of pig rooting. The age 

of the plants was also estimated by the fruiting stages, i.e. a fruiting plant was 

considered to be an adult and a non-fruiting plant a juvenile. 

This initial survey recommended annual monitoring of the plant growth, population 

characteristic, and pig rooting along the permanent transects. Further surveys were 

advised to establish the true distribution and density of the known populations and to 

determine whether or not other populations existed. Pig hunting and other possible 

control programmes were also recommended, including the establishment of fenced 

exclosure plots to exclude rooting and browsing animals to monitor the impact the 

animals have on Hebe as well as the surrounding communities. 
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In 1989, three exclosure plots were set up on the north western terraces of Little Flora. 

They were established to assess the damage done by livestock (mainly cattle and sheep) 

and hares on H. armstrongii. The plots were 15 x 15 m in size; one was a control plot 

and was not fenced off, one was fenced of to only excluded livestock and the last was 

fenced off the excluded both the livestock and hares. The H. armstrongii within these 

plots were assessed annually but the info1mation has not been made available. Other 

than the assessment of the populations and establishment of the ex closure plots in 1989, 

there have been no further management activities by the DOC regarding the H 

armstrongii populations in the Nigger Valley. 
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Chapter 4: 

Vegetation description of the Nigger Valley 

4.1 Introduction 

Approximately 80% of New Zealand's land area prior to the arrival of humans was covered 

in indigenous forest, with shrubland and grassland communities geographically restricted, 

except in the rain sheltered areas of the eastern South Island (McGlone, 1988; Widyatmoko 

& Norton, 1997). Since the arrival of humans, the vegetation of the lower eastern South 

Island hill and high country has been extensively modified by fire (McGlone & Basher, 

1995). After the 1850s there have been frequent fires of grassland, shrubland and forests to 

encourage and maintain adventive grasslands suitable for livestock grazing (Scott et al., 

1988). Over the last eighty years burning throughout the South Island has occurred less 

frequently, and since the 1940s local authorities, in co-operation with landowners, have 

restricted the use of fire (Scott et al., 1988). As a result of the repeated burning throughout 

large areas of the South Island the majority of the land area on the eastern side of the main 

range is now covered with montane shrubland or grassland, and little is known about the pre

human vegetation (McGlone & Basher, 1995). 

Of the 511 taxa of indigenous vascular plants listed as threatened or as uncommon in New 

Zealand, 22 % are threatened, of which 87 taxa are endemic (de Lange et al., 1999). 

Canterbury contains a large number of threatened and uncommon taxa (94), (de Lange et al., 

1999). The genus Hebe has a total of 21 species that are considered to be threatened or 

uncommon (de Lange et al., 1999). Some of these species are restricted to the eastern region 

of the Southern Alps, for example Hebe cupressoides, which is restricted to the rain shadow 

of the eastern mountains (Widyatmoko & Norton, 1997) and H armstrongii which is now 

only found in the Cass region, near Arthur's Pass (Wagstaff & Wardle, 1999). 
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Although there have been preliminary and mainly descriptive assessments of the 

communities in which a majority of the species occur are ranked as threatened or uncommon 

(Wardle, 1991 ), less is known about their long tenn sustainability, although there have been 

several studies done on their autecology (Rogers & Walker, 2002). Widyatmoko (1997) have 

gone some way to addressing this issue for the Endangered species H. cupressoides, where 

they acknowledge that more work on identifying the full range of factors affecting the 

species in situ needs to be undertaken in order for long tenn conservation to be successful. 

Other studies on the ecology and conservation of threatened and endangered vascular plant 

species in New Zealand include the native brooms Carmichaelia (Griiner, unpublished), 

threatened tree Olearia hectori (Rogers, 1996) and the endangered endemic shrub, Clianthus 

puniceus (Shaw & Bums, 1997). 

To understand the ecology of Hebe armstrongii, it is important to have insight into the 

vegetation communities in which it grows and is surrounded by. With information about the 

vegetation dynamics of the plant communities, potential sites for protection and restoration 

can be identified. There are contrasting views as to what a community is; from a botanical 

perspective a community is a " arbitrary subdivision of a continually varying pattern of 

species composition" (Burrows, 1990), while the floristic view proposes that areas of similar 

environmental conditions and histories of environment and plant migration very often have 

similar species composition (Begon et al., 1996). For this study an ecological vegetation 

community is defined as an assemblage of species populations that occur together in space 

and time (Begon et al., 1996). 

4.1.1 Objectives 

The objectives of this chapter are to: (1) characterise and describe the vegetation 

communities present in the study area, (2) identify the plants that typify those communities, 

(3) measure the distribution of H. armstrongii in the identified communities, and ( 4) quantify 

the potential for the vegetation patterns in the valley to be used to explain the current H. 

armstrongii population distributions. The specific aims being: 

>- define recognisable vegetation communities in the study area; 
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~ record and measure the dominant plant species present and their cover in each 

of the communities; 

~ calculate indices of species diversity, dominance and vegetation cover, and 

define physical aspects (slope, aspect and altitude) for each community for the 

use in recognising potential habitats for H armstrongii; 

~ create a vegetation map to allow for estimation of community areas. 

4.2 Methodology 

4.2.1 Vegetation survey methods. 

Vegetation sampling was based on the Reconnaissance (Reece) plot method suggested by 

Allen (1992), in which 111 unbound circular plots of 1 Om diameter were placed 250m apart 

along the east-west gridline on the NZMS 260 sheet L33 map. The position and altitude 

were recorded for the centre of each of the plots using a GeoExplorer® Global Positioning 

System (GPS) unit. Aspect and landformation (for example terrace, river bed) were also 

recorded. Within each plot the abundance of all vascular vegetation was sampled by 

estimating the cover abundance of individual species in two tiers, 0.0-0.5m (tier 2) and 0.5-

2.0m (tier 1). The cover abundance was then visually scored using the following classes: (1) 

0-1%, (2) 2-5%, (3) 6-10%, (4) 11-25%, (5) 26-50%, (6) 51-75%, and (7) 76-100%. The 

ground cover of bare ground, rock and moss was also estimated using these classes. 

As all Reece plots (90 plots) along the east-west gridline contained no H armstrongii, an 

extra 21 Reece plots were done. These plots were randomly located throughout the areas in 

which H armstrongii occurred, including the unnamed island in the Mounds of Misery. 

4.2.2 Vegetation analysis 

The vegetation data was analysed using a vegetation inventory data analysis program called 

PC- RECCE (HALL, 1992). PC- RECCE has been designed for the analysis of ecological 

data for use in vegetation research and management applications. The software package 
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contains programs that carry out specific functions, including classification, ordination and 

data summary. 

RECINT (Hall, 1992) quantifies the relative ecological importance of the species within 

plots. This program converts species cover percentage classes per plot into mid point 

percentages, which are then summed across all tier. A numerical species importance is then 

constructed based on the summed cover percentage for each species in each plot. These 

importance values act as mathematical weights, whose relative magnitudes can be used to 

measure the similarities or dissimilarities between plots and hence are used to create 

community classifications. 

TWINSP AN is a two way indicator species analysis program that was used to classify 

species simultaneously with plots using the polyhetic divisive technique of indicator species 

analysis (HILL, 1979). After the examination of initial divisions using default settings, a 

maximum level of 2 divisions was used for the classification of the valley vegetation into 

four vegetation communities. Species importance values are divided in intervals; the Pseudo

species cut levels, which are a way of converting the importance value into presence/absence 

fonn that is required by the algorithm. Five Pseudo-species cut levels (0.0, 5.0, 10.0, 20.0, 

and 40.0) were used, with the remainder of the program parameters left at their default 

settings. For further detail on default setting see Hall (1992). 

The program RESUM (in PC-RECCE) was used to summarise the information from the 

TWINSP AN output. Default settings were used with the exception of the cover classes (7 

were used instead of 6), and their mean cover percentage being 0.5, 3, 8, 18, 38, 63, and 88 

respectively. Environmental factors that were used in this work were altitude, aspect and 

slope. There were three different vegetation summaries used; layer diagram, these 

summarise tier heights and species cover; frequency, which gives a summary of species 

frequency and tier percentage frequencies; and cover, which gives a summary of species 

cover by tier classes. 
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Ordinations utilise Detrended Correspondence Analysis (DCA) of the cover abundance data. 

This analysis was carried out with the program CANOCO (ter Braak & Smilauer, 1998). 

DCA provides an indirect ordination of the species by plot data matrix, identifying the 

dominant floristic gradients independent of the environmental factors. Eigenvalues are 

associated with each axis, and indicate the amount of variation of the model explained by the 

axis; the higher the eigenvalue the more variation within the model explained by the axis. A 

significant difference in eigenvalues between axes suggests that the axis with the higher 

eigenvalue models the dominant gradient of the floristic variation. The axes of DCA 

ordination have a scale unit of average standard deviation of species turnover (SD). A 

species appears along a gradient; it rises to its mode (abundance) and then disappears within 

approximately 4SD. Within 4SD there is a complete species tum over, thus communities that 

have more than 4SD between then are most likely to have completely different assemblages 

of species; with 50% of changes in species composition of a sample occurring in about 1 SD. 

4.2.3 Diversity indices and abundance models. 

The diversity of the vegetation is measured in terms of quantitative differences between 

community types and is independent of actual species composition. Four diversity indices 

were used: species richness index, species diversity index, species abundance model and 

species cover index. The species richness index is a measure of the number of taxa in a 

defined sample or area. Species richness is the count of the number of taxa described for 

each of the vegetation communities in a per plot measure. 

A species abundance model describes the distribution of species abundance within a 

community. The Berger-Parker index was used to measure the change in species dominance 

in the vegetation cover for the four vegetation types. The Berger-Parker index takes the form 

(Magurran, 1988): 

where: 

Eq 3.1 

N MAX the number of individuals of the most abundant species 

N = the total number of individuals in the sample. 
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The species diversity index combines evenness and species richness into one figure. The 

Shannon index was used to measure diversity for each of the four vegetation communities. 

The index takes the form (Magurran, 1988): 

H' = -Spi ln Pi Eq 3.2 

where Eq3.3 

and: n; = the number of individuals of the ith species. 

N = the total number of individuals in the sample 

The Shannon index assumes that all samples are randomly selected from an indefinitely large 

population and that the index is calculated from a number of samples that are normally 

distributed, making the index itself normally distributed thereby making it possible to use 

parametric statistics to test for significant differences between samples. The non-reciprocal 

form of this index was used so that as the index increases the proportional dominance of the 

most common species increases. 

The species cover index was the average cover of all species across all strata and is given as 

an index for the vegetation density for each of the communities. 

Diversity measures can use cover abundance as a substitute for the total number of 

individuals (N) as the cover abundance and the number of individuals are both positively 

correlated with biomass (Chiarucci et al., 1999). However, biased results are possible, since 

the concept of cover is not easily transportable across species i.e. the relationship between 

biomass and the number of individuals is not constant for all species (Magurran, 1988). For 

this study the cover abundance have been used. 
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4.3 Results 

4.3.1 Vegetation - an overview 

Four communities were identified from the Twinspan classification output (Figure 4.1 ). The 

mean cover percentage of 45 indicator and preferential species for the four communities are 

shown in Table 4.1 (full species names are listed in Appendix 1 ). The community names are 

based on the system suggested by Atkinson ( 1985). Compositional names are derived from 

the species that have a cover abundance greater than 20%, where possible only one species is 

used with a limit of three species. If there are no species that reach the 20% level, the most 

abundant species = 15 or 10 or 5 or 1 % cover, whichever is appropriate, these species are 

indicated by brackets. Where possible common names are used as they are often shorter. 

Trirep 
Hollan 

(A) 

Antodo 
Fesnov 

I 

Leucol 
Brabel 
Brarad 

(B) 

Ozolep 
Hal bib 

Distou Hal bib 
Fesnov 
Agrcap 
Brarad 

(C) (D) 

Figure 4.1. Classification of the four vegetation communities found in the Nigger Valley; (A) hard tussock 
grassland, (B) hard tussock-browntop grassland, (C) (cottonwood)-(browntop) grassland, and (D) 
bogpine shrubland. Full species names are listed in Appendix 1. 
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Table 4.1. The mean cover percentage of 45 indicator and preferential species. Cover percentage >10% as 
indicated by bold type. 

Species 

Raoulia hookeri 

Trifolium pratense 

Parahebe !yallii 

Hypochoeris radicata 

Crepis capillaries 

Geranium sessiliflorum 

Holcus lanatus 

Hieracium pilosella 

Uncin ia fi1scovagin ata 

Linum catharticum 

Poa colensoi. 

Festuca novae-zelandiae 

Muehlenbeckia axillaris 

Agrostis capillaris 

Leucopogon colensoi 

Anthoxanthum odoratum 

Discaria toumatou 

Pimelea prostrate 

Leucopogon fraseri 

Trifolium repens 

Luzula rufa var. rufa 

Acaena inermis 

Brachyglottis bellidioides 

Wahlenbergia albomarginata 

Epilobium melanocaulon 

Hieracium praealtum 

Rumex acetosella 

Raoulia subsericea 

Gentiana corymbifera 

Bu!binella gibbsii 

Celmisia gracilenta 

Scleranthus brockiei 

Craspedia lanata 

Ozothamnus leptophylla 

Oreomyrrhis rigida 

Rytidosperma gracile 

Gaultheria depressa var novae-zelandiae 

Taraxacum officinale 

Brachyscome radicata 

Kelleria dieffenbachia 

Hebe odora 

Halocarpus bidwillii 

Aciphylla scott-thomsonii 

Hebe armstrongii 

Hard tussock 

grassland 

7.20 

1.75 

0.50 

7.20 

2.17 

0.50 

15.40 

11.30 

5.50 

l.13 

6.80 

27.10 

13.10 

13.70 

18.00 

15.60 

9.60 

7.20 

5.00 

3.50 

3.00 

2.17 

1.75 

1.75 

1.75 

1.00 

0.81 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

Hard tussock- ( cottonwood)-
Bogpine sbrubland 

Browntop grassland (brown top) grassland 

2.64 

4.90 

1.00 0.50 

19.10 1.00 

7.50 2.00 

0.50 0.50 

0.81 0.50 

11.80 10.80 8.20 

25.80 7.80 6.50 

0.86 3.00 0.50 

22.00 15.20 3.50 

8.60 12.40 9.30 

21.10 3.90 1.93 

6.40 12.60 3.00 

2.56 1.60 1.00 

2.78 2.90 1.08 

1.85 0.50 0.50 

6.70 1.21 1.44 

2.26 1.27 0.92 

1.94 1.21 0.88 

1.04 0.50 0.50 

0.50 0.50 0.50 

5.30 2.71 1.00 

0.51 0.81 0.50 

3.60 1.69 1.33 

1.67 2.17 0.50 

1.18 1.00 0.50 

1.15 1.00 0.50 

0.92 1.33 3.00 

0.72 0.50 0.50 

5.90 13.50 5.60 

4.10 1.33 0.50 

2.69 0.50 

2.67 1.83 1.96 

2.20 1.97 1.00 

2.00 0.50 0.50 

1.18 1.64 0.92 

0.64 3.10 6.40 

0.50 4.40 24.50 

0.50 0.95 4.90 

2.57 13.30 

1 
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4.3.2 Vegetation community 1: Hard tussock grassland (10 plots). 

This community occurred at an average altitude of 775.7 ± 7.6 m, with a mean slope of 2.9 ± 

0.6° on the Nigger Valley floor in and around the river system. The grassland was dominated 

by Festuca novae-zelandiae, but with Anthoxanthum odoratum, Holcus lanatus and Agrostis 

capillaris forming an inter-tussock sward (species with cover> 1 % are listed in Table 4.2). 

Muehlenbeckia axillaris was also common within the swards. Shrub cover was sparse 

comprising mainly of scattered Discaria toumatou. Trifolium repens had a low cover but 

was present in all plots. Other plants that were common in the inter-tussock sward included 

the herbs Acaena inermis, Wahlenbergia albomarginata, and Leucopogon fraseri, and the 

grass Rytidosperma gracile. The average species richness was 16.4 ± 1.9 species per plot. 

Table 4.2. Percentage cover and frequency percentage of species in the Hard tussock grassland. Only species 
with a combined cover of> 1 % are listed. The frequency percentage is the percentage of plots that 
the species occurred in (n=lO). 

Species Cover percentage Frequency 

Anthoxanthum odoratum 15.6 100 
Trifolium repens 3.5 100 

Festuca novae-zelandiae 27.1 90 

Holcus lanatus 13.9 90 
Agrostis capillaries 13.7 60 

Muehlenbeckia axi/laries 13.1 60 

Acaena inermis 1.3 60 
Wahlenbergia albomarginata 1.1 60 

Discaria toumatou 4.8 50 

Leucopogon fraseri 2.5 50 
Rytidospenna gracile 1.8 50 

Hieracium pilosella 4.5 40 

Hypochoeris radicata 2.2 30 

Raoulia hookeri 2.2 30 

Pimelea prostrate 2.2 30 

Trifolium pratense 1.9 30 

Paa colensoi 6.8 10 

Raoulia tenuicaulis 2.5 10 

Leucopogon colensoi 1.8 10 

Dracophyllum pronum 1.8 10 

Uncinia fi1scovaginata 1.1 10 
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4.3.3 Vegetation community 2: Hard tussock-browntop grassland (57 plots). 

This community occurred at an average altitude of 791.8 ± 4.8 m, with a mean slope of 4.9 ± 

1.1 ° on the Nigger Valley floor and on the terraces of both Little Flora and Big Flora. The 

grassland is dominated by F. novae-zelandiae, A. capillaris and A. odoratum (species with 

cover > 1 % are listed in Table 4.3). With Brachyglottis bellidioides, Leucopogon colensoi, L. 

fraseri, Hieracium praealtum, Luzula rufa var. rufa and Gentiana corymbifera common in the 

intertussock sward although they have low cover. D. toumatou and Ozothamnus leptophylla 

provided sparse shrub cover with Gaultheria depressa var novae-zelandiae growing in the 

prostrate form. Other plants that were also common in the inter-tussock sward included 

Raoulia subsericea, Pimelea prostrata, and Brachyscome radicata. Average species richness 

was 19 .4 ± 4.1 species per plot. 

Table 4.3. Percentage cover and percent frequency of species in Hard tussock-Browntop grassland. Only 
species with a combined cover > 1 % are listed. Percentage frequency is the percentage of plots 
that the species was recorded (n=57). 

Species Cover percentage Frequency 

Festuca novae zelandiae 25.8 94.7 
Anthoxanthum odoratum 21.1 91.2 
Brachyglottis bel!idioides 1.8 91.2 
Leucopogon colensoi 7.7 89.5 
Gentiana corymbifera 1.4 86 
Luzula rufa var. rufa 4.5 80.7 
Hieracium praealtum 4.3 80.7 
Leucopogon fraseri 2.2 80.7 
Raoulia subsericea 2.8 78.9 
Agrostis capillaries 22.0 77.2 
Pimelea prostrate 1.8 70.2 
Brachyscome radicata 1.4 70.2 
Discaria toumatou 3.7 52.6 
Ozothamnus leptophylla 2.9 49.1 
Paa co!ensoi 5.6 47.4 
Hieracium pilosella 3.4 45.6 
Rytidospemia gracile 1.1 42.1 
Gaultheria depressa var novae-zelandiae 1.1 40.4 
Holcus lanatus 6.4 33.3 
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4.3.4 Vegetation community 3: (cottonwood)-(browntop) grassland (26 plots) 

This community occurred at an average altitude of 786.8 ± 4.2 m, with a mean slope of 3 .0 ± 

0.4° on the terraces of Little Flora and Big Flora. The grass vegetation was dominated by A. 

capillaris, but with L. colensoi common throughout the grassland (species with cover> 1 % 

are listed in Table 4.4). The shrub cover was sparse and comprised of scattered 0. 

leptophylla ( cottonwood) and D. toumatou; H armstrongii, Hebe odora, and Halocarpus 

bidwillii were also present. Other plants that were common in the grassland included the 

herbs Hieracium praealtum, R. subsericea, P. prostrata, L. fraseri, G. corymbifera, and the 

grasses A. odoratum and F. novae-zelandiae. The average species richness was 20.3 ± 0.9 

species per plot. 

Table 4.4. Percentage cover and percent frequency of the species in the ( cottonwood)-(browntop) grassland. 
Only species with a combined cover of > 1 % are listed. Percent frequency is the percentage of 
plots that the species were recorded in (n = 26). 

Species Cover percentage Frequency 

Ozothamnus leptophylla 13.5 100 
Agrostis capillaris 14.6 96.2 
Leucopogon colensoi 12 96.2 
Leucopo gon fraseri 2.8 96.2 
Pimelea prostrate 1.5 96.2 
Gentiana corymbifera 2.0 92.3 
Festuca novae-zelandiae 6.9 88.5 
Discaria toumatou 10.6 84.6 
Raoulia subsericea 1.4 80.8 
Hieracium praealtum 1.7 65.4 
Taraxacum o.fficinale 1.3 65.4 
Anthoxanthum odoratum 2.4 61.5 
Gaultheria depressa var novae-zelandiae 1.1 57.7 
Paa colensoi 4.6 42.3 

Halocarpus bidwillii 1.3 30.8 
Hebe odora 1 30.8 
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4.3.5 Vegetation community 4: Bogpine shrubland (18 plots). 

This community occurred at an average altitude of 777.3 ± 4.5 m with a mean slope of 2.2 ± 

0.6° on the terraces of Big Flora. Shrub cover was more abundant than ground cover, with H 

bidwillii (Bogpine) the dominant species, and L. colensoi, 0. leptophylla, H armstrongii also 

common (species with cover> 1 % are listed in Table 4.5). Other plants in the ground cover 

included the herb G. depressa var novae-zelandiae and the grasses A. odoratum and Paa 

colensoi. The average species richness was 16.1 ± 0.7. 

Table 4.5. Percentage cover and percent frequency of species in the Bog pine shrubland community. Only 
species with a combined cover of> 1 % are listed. Percent frequency is the frequency of plots that 
the species were recorded (n = 18). 

Species Cover percentage Frequency 

Leucopogon colensoi 8.8 94.4 
Ozothamnus leptophylla 4.9 88.9 
Agrostis capillaris 3.1 88.9 
Halocarpus bidwillii 24.5 83.3 
Gaultheria depressa var novae-zelandiae 1.3 66.7 
Hebe armstrongii 8.1 61.1 
Paa colensoi 5.0 61.1 
Hebeodora 2.5 38.9 
Festuca novae-zelandiae 1.8 27.8 
Aciphylla scott-thomsonii 1.3 27.8 
Chionochloa ruba subsp. ruba 1.0 5.6 
Oreobolus pectinatus 1.0 5.6 

The physical variables and diversity indices for each community are summarised in Table 

4.6. The average altitudes and slopes are stated in the vegetation community descriptions. 

The plots in the hard tussock grassland had the lowest average bare ground cover (0.4 ± 

0.3%) and the lowest average moss cover (9.6 ± 6.2%). The plots in the bogpine shrubland 

community had the highest average bare ground cover (16.8 ± 5.8%) as well as the highest 

average moss cover (25.1 ± 7.0%). 
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The ( cottonwood)-(browntop) grassland community had the highest taxonomic richness (20 

species per plot), and the bogpine shrubland community the lowest (16) (Table 4.6). The 

Shannon (diversity) index and the Berger-Parker (change in dominance) index both showed 

that the bogpine shrubland community had the highest diversity (0.06) and change in 

dominance between species (0.02), while the hard tussock-browntop grassland community 

the lowest (0.04 and 0.02 respectively), although these differences were not significant. 

There were, however, significant differences in the cover index and species richness between 

the communities (Table 4.8). The hard tussock and the hard tussock-browntop grassland 

communities had significantly higher cover percentages than both the ( cottonwood)

(browntop) grassland and bogpine shrub land communities. The ( cottonwood)-(browntop) 

grassland community had the highest species richness (20.3 species per plot), which was 

significantly higher than the lowest species richness of the bogpine shrubland community 

(16.1 ). The cover index indicates a continuum from the hard tussock grassland community 

(135% cover) through to the bog pine shrubland community (72.6% cover) (Figure 4.2). The 

values for all the indices and communities should be interpreted with caution due to the high 

standard error associated with the values. 

4.3. 7 Distribution 

The distribution of all four vegetation communities throughout the Nigger Valley is 

illustrated in Figure 4.2. Although the distribution does not allow for distinct boundaries to 

be established between the different vegetation communities, a pattern to the distribution of 

the vegetation types was observed. The ( cottonwood)-(browntop) grassland (3) and bogpine 

shrubland (4) communities tended to be grouped together either on the island in the Mounds 

of Misery, or in a small area on the Big Flora terrace, or in a larger area on the Little Flora 

terraces. While the hard tussock grassland community (1) was associated with the river 

systems of the Nigger and Flora streams, the hard tussock-browntop grassland community 

(2), the largest community, was spread throughout the valley floor and terraces. 



4 8 Kilometers 
~~~~iiiiiiii.iiiiiiiii.iiiiiiiii.i~~~~~~~~~iiiiiiii.iiiiiiiii.iiiiiiiii.iiiiiiiii.iiiiiiiii.iiiiiiiii.i-

0 4 

Figure 4.2 The distribution of the four identified vegetation communities through the study site. 
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Table 4.6. The mean values for altitude, aspect, slope and cover abundance of bare ground, moss, Species 
richness, Shannon index, Berger-Parker dominance index and cover index for the four identified 
vegetation communities are present with associated standard errors; (A) hard tussock grassland, 
(B) hard tussock-browntop grassland, (C) ( cottonwood)-(browntop) grassland, and (D) bogpine 
shrubland. Species richness is the mean number oftaxa per plot. Cover index is the average cover 
value for across all strata and is an index for vegetation density 

A B C D F value p 

Altitude (m) 790± 6.9 782±4.1 792 ± 6.6 790 ± 6.1 0.8 0.496 

Aspect (0
) 126±36 93 ± 14 80 ± 17 62 ± 22 0.96 0.415 

Slope(°) 2.2 ± 0.6 3 ± 0.3 5 ± 1.1 2.9 ± 0.5 2.77 0.045 

Bare ground 0.4 ± 0.2 A 0.8 ± 0.1 A 1.7 ± 0.3 AB 2.7 ±0.5 B 11.95 < 0.001 

Moss 1.9 ± 0.6 A 3.7 ± 0.3 AB 4.8 ± 0.3 B 3.7 ± 0.5 AB 5.93 <0.001 

Species richness 16.4 ± 1.3AB 19.4±0.5AB 20.3 ± 0.8A 16.1±0.7B 5.78 <0.001 

N 10 57 26 18 

Shannon index 0.055 ± 0.010 0.041 ± 0.009 0.045 ± 0.010 0.057 ± 0.012 0.53 0.6624 

Berger-Parker 
0.019 ± 0.005 0.015 ±0.005 0.017 ± 0.005 0.023 ± 0.008 0.34 0.7975 

index 

Cover index 135 ± 25A 133 ± 6A 85 ±7B 73 ± l ]B 12.27 < 0.0001 

4.3.8 Ordination 

Figure 4.3 shows the site ordination plot of the Detrended Correspondence Analysis (DCA) 

using the cover abundance data (n = 111). The length of axis 1 gradient is 3.88 and axis 2 is 

3.52. The sum of all eigenvalues is 5.83; with axis 1 explaining 9.8% of all variation in the 

data, while axis 2 explains 9 .3 % of the variation. There appears to be little variation along 

axis 1 between the Reece plots associated with the hard tussock grassland and the hard 

tussock-browntop grassland communities (positioned in the centre left of the ordination), and 

the plots of the bogpine shrub land and the ( cottonwood)-(browntop) grassland communities 

(positioned top right of the ordination). The plots of the bogpine shrubland and the 

( cottonwood)-(browntop) grassland communities are, however, separated along the axis 2. 

Although all four communities occurred within 4SD of each other, indicating that there was 

no complete floristic turnover between the four communities, the bogpine shrubland and the 
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hard tussock grassland communities were more than 2SD apart, with the bogpine community 

being at least 1 SD from the remaining two communities. This suggests that there is a 

floristic difference of more than 50% between the bogpine shrubland community and the 

other three communities. 
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Figure 4.3 Ordination of the vegetation plots (n = 111) using Detrended Conespondence Analysis. Data is in 
cover format. The symbols indicate the vegetation communities; x Hard tussock grassland;+ Hard 
tussock browntop grassland; ? ( cottonwood)-(browntop) grassland; ? Bogpine Shrubland. 

The ordination of the site data following the removal of the outlier Reece plot from the hard 

tussock-browntop grassland community is illustrated in Figure 4.6 (n = 110). The removal of 

this plot altered the length of the gradients and the eigenvalues of the axes without 

significantly changing the positions of the communities in the plot. The length of the axis 1 

gradient is 4.03 and axis 2 is 4.00. The sum of the eigenvalue is 5.28, with axis 1 explaining 

11 % of the variation within the model and axis 2 explains 7%. The significant drop in 
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eigenvalues from axis 1 to axis 2 suggests that axis 1 models the dominant gradient of the 

floristic variation. 
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Figure 4.4 Ordination of the vegetation plots (n = 110) using Detrended Correspondence Analysis. Data is in 
cover format. The symbols indicate the vegetation communities; + Hard tussock grassland; x Hard 
tussock browntop grassland; ? ( cottonwood)-(browntop) grassland; ? Bogpine Shrubland 

As with the previous model, all four vegetation communities are within 4SD of each other, 

indicating that there is no complete species turnover between communities. Although, in 

both ordinations, there are a few Reece plots within the hard tussock-browntop grassland and 

the bogpine shrubland communities that are more than 4SD apart, which provide the 

exception to the previous statement. Even though with this model floristic variation is 

predominantly explained by axis 1, the removal of the outlier Reece plot does not further 

explain the variation between these four vegetation communities. 
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Figure 4.5 The ordinati on of the species in N igger valley. The data is in cover format. The sum of all 
eigenvalues is 5.834; hence axis 1 explains 9 .8% of all variation in the data, while axis 2 explains 
9.3 % of the variation 

The ordination of the species for all 79 vascular plants recorded using DCA shows the shrub 

species to the top right of the ordination are associated with the bogpine shrubland (H 

bidwillii and H armstrongii) c01mnunity (Figure 4.4). Species such as 0. leptophylla and D. 

toumatou, which are associated with the ( cottonwood)-(browntop) grassland community are 

also found on the right hand side of the ordination; as are G. depressa var novae-zelandiae 

and H odora, which are common (frequency > 50%) in both the bogpine shrubland and the 

( cottonwood)-(browntop) grassland communities. The species such as F. novae-zelandiae, 

A. capillaris and A. odoratum which are clustered in the centre of the ordination are found 

within all four vegetation communities, although, they have the highest frequencies in the 

hard tussock-browntop grassland community. Species that are found to the far left of the 

ordination are strongly associated with the hard tussock grassland community ( e.g. Raoulia 

hookeri, H. lanatus and M. axillaris). 
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Four environmental factors (north-south aspect, east-west aspect, altitude and slope) were 

weakly correlated with the position of species and sites on axis 1 and 2 of the ordination 

(Table 4.7). Altitude gradually increased from left to right along axis 1, indicating that the 

bogpine shrubland and ( cottonwood)-(browntop) grassland communities occurred at slightly 

higher altitude than the two hard tussock grassland communities to the left of the diagram. 

The north-south aspect positively increases with both axis 1 and 2, which indicates that that 

the two hard tussock grassland communities tended to be south facing while the bogpine 

shrub land and ( cottonwood)-(browntop) grassland communities tended to be north facing. 

The east-west aspect increased along axis 1 from the left to right, hence the two hard tussock 

grassland communities were generally east facing and the bogpine shrubland and the 

( cottonwood)-(browntop) grassland communities were west facing. The correlation between 

slope and the positions of species and plots was weak, indicating that there was no trend 

between slope and the vegetation of the valley. 

Table 4.7 Spearman Rank correlation between significant environmental variables and position of plots on axis 
1 and axis 2 for the ordination (Figure 4.6). * indicates significant a correlation. 

Environmental Variables Axis 1 Axis2 

Altitude 0.1019 -0.0788 

N01ih-south Aspect 0.0316* -0.0312* 

East-west Aspect 0.0626 0.0918 

Slope 0.0037* 0.1139 

4.4 Discussion: 

4.4.1 Vegetation distribution 

Environmental factors such as landform and soil type are known to influence the distribution 

of individual plants and the overall vegetation. Landform, soil, and vegetation patterns have 

been closely linked in numerous studies done in New Zealand (Wardle, 1991). Soil and 

vegetation distributions directly reflect landform characteristics ( e.g. parent material, 

drainage, slope, stability and surface age). The study area is governed by dry-hygrous upland 

and high country yellow-brown earths that are formed from greywacke, morainic deposits, 

alluvium, and loess of greywacke and schist origin (Shanks et al., 1990). The soil type 
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characteristics are discussed in detail in Chapter 2. The known vegetation associated with 

this soil types was tussock grassland dominated by Festuca spp at the time of European 

settlement; although many areas may have had the soil formed under forest, which was 

destroyed by Polynesian fires(NZSB, 1968; Gibbs, 1980). Plant growth is known to be 

limited on these soils as a consequence of the low soil moisture content, especially during the 

summer months (NZSB, 1968). The dry-hygrous upland and high country yellow-brown 

earths contain many soil sets including the soil set present at the study site: Craigiebum, Cass 

and Bealey sets (Gibbs, 1980). 

The Craigiebum soil set is the governing soil on the terraces in Nigger Valley including the 

terraces of both Big Flora and Little Flora (Shanks et al., 1990). The Craigiebum soils are 

documented as having a vegetation cover of Festuca spp. tussock grassland with the 

occurrence of Nothofagus forest patches (NZSB, 1968). The Cass soil set is the principal soil 

of the Mounds of Misery and is therefore presumed to be the soil on the islands located in the 

tams with in the area. This soil set has been recorded as having predominantly Festuca spp. 

tussock grassland vegetation with the occasional patch of shrub including Ozothamnus 

leptophylla, Leptospermum spp. and Discaria toumatou (NZSB, 1968). 

The predominant vegetation type of the study area is characterised by the hard tussock

browntop grassland and the hard tussock grassland communities, although there are also 

areas on the alluvial terraces and the island in the Mounds of Misery, which are associated 

with the bogpine shrub land and the ( cottonwood)-(browntop) grassland communities (Figure 

4.1 ). There were no Nothofagus species sampled on the Flora terraces or the Mounds of 

Misery area, however, there were patches of Nothofagus forest along the steep slopes of the 

surrounding mountains. Hard tussock vegetation communities have been recorded 

throughout the South Island high basin valley floors (Scott et al., 1988) (Cockayne & 

Foweraker, 1915; Primack, 1978; Williams, 1989,1993; de Zwart, 2002); Williams (1989; 

1993) reported vegetation communities in New Zealand, which were dominated by F. novae

zelandiae and occupied large areas of the Inland Kaikoura Ranges and north-west Nelson, 

similar to the sites of the present study. Although the hard tussock vegetation communities 

identified by Williams (1989; 1993) had varying species assemblages, they were located on 
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the valley floors and the surrounding upslope areas of the high country basins as with the 

present study. 

The ( cottonwood)-(browntop) and bogpine communities were clustered in the central area of 

Little Flora terrace, as well as being the dominant vegetation communities on the Island. 

Although the vegetation communities dominated by the 0. leptophylla were mainly located 

on the rolling areas of the alluvial terraces in the present study, they are known to occupy 

older or colder sites throughout the eastern mountains of the South Island (Williams, 1989). 

0. leptophylla dominated vegetation communities generally occupied steep stabilised sites 

within gorges, terraces and upslopes in the Kaikoura ranges (Williams, 1989), while de Zwart 

(2002) reported vegetation dominated by 0. leptophylla to be located on the gently sloping 

fans of Cass hill and Sugarloaf in Cass, an area adjacent to Mt White Station. There is little 

infonnation in the literature about the distribution of H bidwillii dominated vegetation within 

New Zealand. 

As the vegetation of the Valley is largely uniform, the boundaries of the four vegetation 

communities distinguished by TWIN SP AN overlap (Figure 4.2) and are arbitrary from a 

spatial perspective. This overlap is demonstrated by the lack of distinct groups in the 

ordination of the vegetation plots (Figures 4.3) and the large number of species clustered in 

the centre of the species ordination (Figures 4.4). The underlying similarity is shown by the 

presence of 51 % of the indicator and preferential species within all four communities (Table 

4.1 ). The similarity in assemblages of species in montane grassland-shrubland vegetation 

communities of the present study is consistent with other studies done on montane grassland 

and shrubland areas within the South Island (Cockayne & Foweraker, 1915; Scott et al., 

1988; Williams, 1989; Shanks et al., 1990; Williams, 1993). As the relative spatial 

distributions of many montane grassland-shrubland communities in the South Island high 

country are disturbance driven (e.g. fire) (Williams, 1989; Wardle, 1991; Widyatmoko & 

Norton, 1997), the distribution of the vegetation communities in the study area are also 

thought to be strongly influenced by the land management of the area, which included 

intensive fires (Burrows, 1977b; Shanks et al., 1990). 
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4.4.2. Vegetation structure. 

The montane grassland vegetation in the Cass district has previously been described as 

predominantly tussock grassland vegetation that was dominated by Chionochloa spp, this 

includes Woolshed Hill, Mt. Brown, Mt. White, Peveril Peak and the Broken River area 

(Burrows, 1977a). The vegetation throughout the study area was a uniform mosaic of 

tussock grassland scattered with shrubs. The DCA analysis of the sampled vegetation 

resulted in the distinction of four grassland vegetation communities. These four vegetation 

communities can be categorised into two types; one in which H .armstrongii was not present 

(hard tussock grassland and hard tussock-browntop grassland communities), and one in 

which H armstrongii was present ((cottonwood)-(browntop) grassland and bogpine 

shrubland communities). 

The hard tussock grassland and hard tussock-browntop grassland communities identified in 

this study were dominated by F. novae-zelandiae, although other grass species were common 

for example A. odoratum and H lanatus in the hard tussock grassland and A. odoratum as 

well as L. rufa var. nifa in the hard tussock browntop grassland communities (Table 4.2 and 

Table 4.3). The shrub species D. toumatou was also present in both communities. The 

species assemblages of these two communities in the present study is consistent with the 

species assemblages of similar vegetation types in the eastern South Island, see (Cockayne & 

Foweraker, 1915; Primack, 1978; Scott et al., 1988; Williams, 1989,1993). 

The hard tussock grassland community had the lowest species richness and included species 

which a generally associated with river bed systems such as R. hookeri. This species was 

recorded in Reece plots that were located in the river bed system of both Nigger and flora 

streams. The hard tussock grassland community had the highest cover index (135.0 %) and 

the second highest dominance index (Berger- Parker) and can be described as dense tussock 

grassland dominated by F. novae-zelandiae (Table 4.6). The hard tussock-browntop 

grassland community also had a high cover index (133.42 %), although it had a low 

dominance index, describing the community as dense tussock grassland with relatively even 

species cover. The montane grassland community, identified in the recent study of the Cass 

area, as with the present study was dominated by F. novae-zelandiae, A. capillaris and A. 
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odoratum (de Zwart, 2002). The Cass grassland community had lower species richness (10 

species per plot) than the grassland communities of the present study (Table 4.6), which 

coincided with a high dominance index. This indicates that the grassland vegetation at Cass 

was dominated by A. capillaris and Carex goyenii, while the grass species in the grassland 

vegetation in the study area detailed here had a more even cover dominance. There are, 

however, climatic differences between the Cass and Nigger Valley, which could account for 

the variation in species composition. 

The ( cottonwood)-(browntop) grassland and bogpine shrub land communities were the two 

communities in which shrub species such as 0. leptophylla and H bidwillii dominated the 

cover. Although, grass species were still present in high frequencies, for example, A. 

capillaris 96.2% in (cottonwood)-(browntop) grassland and 88.9 % in bogpine shrubland 

communities. Both communities occurred on the island and on the terraces of both Big and 

Little Flora, in areas that had drained soils, with a higher occurrence of bare ground in the 

bogpine community (Table 4.6). The species assemblages of vegetation communities in 

which 0. leptophylla are present throughout the South Island (Burrows, 1977b; Williams, 

1989,1993) support the findings of the present study. The (cottonwood)-(browntop) 

grassland community had the second lowest dominance value indicating that no one species 

dominated the cover and therefore had higher evenness between species cover, describing the 

community as a mosaic grassland dominated by A. capillaris with patches of shrubs, which 

were predominately 0. leptophylla. The bogpine shrubland community had the highest value 

for the dominance index (Berger-Parker), indicating that this community was dominated by 

one species (H bidwillii) and showed low evenness between species cover, thereby 

describing the community as a shrubland mosaic of shrub patches dominated by H bidwillii, 

grass cover and bare ground. As with the grassland communities, the shrubland communities 

identified at Cass had species assemblages similar to the present study, with the exception of 

the presence of H bidwillii in the present study and the presence of Coprosma proprinqua in 

the Cass study ( de Zwart, 2002). The shrubland communities in the Cass study had higher 

single species dominance than both the ( cottonwood)-(browntop) grassland and the bogpine 

shrubland communities, while they had lower species richness. 
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4.4.3 Hebe arrnstrongii 

The abundance of H armstrongii in the present study varies between the two community 

types. The bogpine shrubland community had both a higher frequency and percent cover of 

H armstrongii than the ( cottonwood)-(browntop) grassland community (Tables 4.4 and 4.5). 

The overall distribution of H armstrongii is discussed in Chapter 5. Previous research 

undertaken on H armstrongii has indicated that this species generally grows in association 

with H bidwillii (Molloy, 1990; Wagstaff & Wardle, 1999). H armstrongii is more strongly 

associated with the bogpine shrubland community, which suggests the characteristics of this 

community are favourable for the growth of H armstrongii, although the characteristics of 

the ( cottonwood)-(browntop) grassland community must also be considered. This 

association indicates that H armstrongii grows in sites that have average attitude of 790 m 

on north-east slightly sloping terraces, with a species assemblage that has a mix of shrub ( e.g. 

H bidwillii and D. toumatou) and grass species both native and exotic ( e.g. F. novae

zelandiae and A. capillaris) (Table 4.5 and 4.6). 

4.5 Summary 

The Nigger Valley, in which the study area was located, consists of a series of small streams 

surrounded by alluvial terraces and mountains. The unifonn characteristic of the landform 

and soil of the area has contributed to the pattern of the present day vegetation; a mosaic 

montane grassland. 

The vegetation of the study area was classified into four vegetation communities: hard 

tussock grassland, hard tussock-browntop grassland, ( cottonwood)-(browntop) grassland and 

bogpine shrubland communities. The hard tussock-browntop grassland community was the 

predominant vegetation through the study area with the hard tussock grassland community 

restricted to the riverbed areas. H armstrongii was only found in two of the communities 

identified: the ( cottonwood)-(browntop) grassland and the bogpine shrub land community. 
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The association of H armstrongii with the bogpine shrubland community and to a lesser 

extent the ( cottonwood)-(browntop) grassland community provides the basis for the 

understanding of the community ecology of H armstrongii. With H armstrongii occurring 

at the highest frequency and cover percentage in the bogpine shrubland community indicates 

that the habitat characteristics within this community are preferential. 
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Chapter 5: 

Population structure 

5.1 Introduction 

Anthropogenic habitat fragmentation has become a senous threat to the maintenance of 

biodiversity in many terrestrial ecosystems. Many populations of plant species have become 

small and isolated, which increases the risk of local extinction (Morgan, 1999). New 

Zealand's biota has changed dramatically as a result of human colonisation, with many 

species now extinct. Although conservationists have had some remarkable successes in 

averting further extinction, a relatively large proportion of the remaining biota is still 

threatened with extinction (Saunders & Norton, 2001). 

In order to achieve effective species conservation a clear understanding of the species 

population dynamics is essential. Low population size, habitat specificity, and/or narrow 

endemicity may be potential causes of rarity (Rabinowitz, 1981 ). The prior knowledge of the 

plant species' abundance, spatial distribution, breeding biology, and genetics, together with 

the factors affecting seed and seedling establishment is essential for successful management 

of rare species (Schemske et al., 1994). Many species are considered rare, due to their 

narrow geographical distributions or restrictions to particular habitat types, for example a rare 

sunflower endemic to California Helianthus exilii (Wolf et al., 1999). At some spatial scale, 

most plants are patchily distributed due to their sedentary habit and the spatial heterogeneity 

of the environment. Patchy distributions are further exaggerated by the activities of humans 

through habitat destruction and fragmentation (Schemske et al., 1994), for example two New 

Zealand whipcord hebe species: Hebe cupressoides (Widyatmoko & Norton, 1997) and Hebe 

salicornioides (Wagstaff & Wardle, 1999). 

In the literature a population is widely defined as group of a species living together in the 

same area at the same time (Purves et al., 1995; Begon et al., 1996), and which have to 

potential to interbreed (Burrows, 1990). 
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This chapter aims to (a) asses the size of the H armstrongii population, (b) map it's 

distribution and (c) describe the populations structure in order to analysis the population's 

status. Specifically this chapter aims to address the following: 

1 Assess the total number of H armstrongii plants occurring at that the 

known sites 

2 Describe the overall distribution of H armstrongii in the study site 

3 Describe the size distribution within and between the main populations 

4 Identify factors that could be affecting the known populations 

5 Assess the extent herbivory is affecting the height and spread distributions 

of H armstrongii 

5.2 Methods 

5.2.1 Field methods 

The area from the Mounds of Misery to the end of the terraces of Little Flora (Figure 2.2) 

was searched on foot for all individual H armstrongii plants. When individual plants were 

found (including the individuals in the DOC exclosure plots) the following measurements 

were taken: 

1 Plant width at the widest point of the plant (cm): widthA 

2 Width at the longest length of the plant perpendicular to widthA (cm): 

width8 

3 Plant height at the highest point of the plant (cm). 

4 GPS position (Geoexplorer ®: in the latitude- longitude format) 

5 Altitude (rn) 

6 Surrounding vegetation (within 50 cm of the stern or plants that came into 

to direct contact with the H armstrongii plant.) was recorded in presence 

absence form ( distinguishing between moss species was not undertaken 

and they were grouped together) 

For the plants in the Enys Reserve population the following measurements were taken: 

1 Plant width at the widest point of the plant (cm): widthA 
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2 Width at the widest point of the plant perpendicular to widthA (cm): width 8 

3 Plant height at the highest point of the plant (cm). 

4 GPS position (Geoexplorer ®: in the latitude - longitude format) 

5 Altitude (m) 

Note: surrounding vegetation was not recorded for the Enys Reserve populations as a 

majority of the plants in this population are in a highly modified environment and some (if 

not all) plants have been planted (Chapter 2). 

5.2.2 Analysis methods 

Population distribution and abundance maps were created in the Geographical Information 

System (GIS) programme Arcview 3.2a. The distribution map is drawn utilising the GPS 

positions of all located individual plants. The abundance map was drawn utilising the sum of 

the total number of individuals in 50 x 50 m grid cells throughout the study area. The 

population map was drawn by grouping together all the locations of the individuals within the 

area. 

Canopy spread was calculated using equation 5.1. For the populations identified frequencies 

of height and canopy spread were calculated and graphed for each identified population. 

Canopy spread= p + ((widthA x width 8 )/2)2 Eq 5.1 

The SAS System for windows V8 8.1 (1999) was utilised to undertake General Linear 

Models (GLM) analyses to test for significant differences in height and canopy spread 

between the subpopulations identified in the distribution section, and between the exclosure 

plots. For each subpopulation and exclosure plot, the skewness and kurtosis were calculated 

utilising SAS to describe each distribution's shape. 

5.3 Results 

5.3.1. Overview 

1730 individual H armstrongii plants were found from the Mounds of Misery south to the 

Esk River. All of these plants were located within 115 different GPS positions. Each of the 

GPS positions encompassed a 50 m radius and is regarded as a subpopulation (Appendix 2 

contains a full list of subpopulations including average height, canopy spread, their respective 
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standard error and number of individuals per population). During the time of the study 

(January to March 2001), majority of the H armstrongii plants were observed to be flowering 

and setting seed, with evidence of previous seeding present. Even though the search of the 

valley was extensive, time constraints prevented a complete search of the valley. 

Accordingly the terraces east of Little Flora hill and the area north of Mounds of Misery and 

all other historical locations outside the study area and Enys Reserve were not searched in 

this study. 

5.3.2. Distribution 

The overall distribution of all the H armstrongii plants located is illustrated in Figure 5.2. 

The map shows that the distribution of all H armstrongii found in this study ranged from the 

island in the Mounds in Misery south along the eastern banks of Nigger Stream and the 

western terraces of both Big Flora and Little Flora to the northern banks of Esk River. The 

abundance distribution of H armstrongii is mapped in Figure 5.3. The highest abundance 

per grid position (199-223 plants) occurred on the island population and in a small area of the 

northern terrace of Little Flora. The populations on the terraces of Big Flora and Little Flora 

occurred at a general abundance of 1-25 plants per grid position. The 115 grid position based 

subpopulations were grouped into four populations according to their distribution; these 

populations are illustrated in Figure 5.4. Population (1) is the H armstrongii population 

contained on the island in the Mounds of Misery (n = 223 plants), the second population (2) 

is the population on the Big Flora terrace (n= 268), the third population (3) is on the northern 

terraces Little flora north (n 1163) and the fourth population (4) is on the southern terraces 

of Little Flora south (n = 76). 
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Figure 5.2 The distribution of H. armstrongii in the study area 
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Figure 5.3 The abundance of H. armstrongii in the study area 
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Figure 5.4 The distribution of the four identified H armstrongii populations in the study area 
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5.3.3. 

5.3.3.1 

Population structure 

Plant height 

68 

The height distribution for the four populations is illustrated in Figure 5.4. The height 

distribution of the island population was approximately normal with 61 % of the population 

occurring within lSD (41-80cm) of the mean (59 ± 1 cm). The distribution had a weakly 

positive skewness (where skewness <1) and a negative kurtosis (Table 5.1), indicating that 

the distribution is slightly skewed to the right (i.e. that the median is to the left of the mean; 

in the smaller height classes) and has an underlying distribution that is platykurtic (i.e. more 

plants had heights within a standard deviation of the mean height than with a normal 

distribution). The distributions of both the Big Flora and the Little Flora north populations 

had a more strongly positive skewness (where the skewness> 1) than the island population 

indicating that a majority of the plants occurred in the lower height classes in these 

populations, although there were still plants in the higher height classes. The positive 

kurtosis of both distributions also indicates that the underlying distributions for each 

population are leptokurtic, meaning that there are more plants with heights similar to the 

mean than plants with heights far from the mean height, creating a peak in the distribution 

about the mean and long tails. The Little Flora south population had a weakly positive 

skewness (0.816) and kurtosis (0.479), indicating that the mean plant height was in the lower 

height classes and there were few plants with height far from the mean height (slightly 

leptokurtic distribution). The Big Flora and the Little Flora north populations had more than 

60% of individuals occurring below 40 cm in height (75% and 65% respectively), while the 

Little Flora south population had 59% of it's population occurring below 20 cm in height. 
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Figure 5.4 Height proportions of the four populations: (a) island population (n = 223); (b) Big Flora population 
(n = 268); (c) Little Flora north population (n = 1163); and (d) Little Flora south population (n = 
76). 

The height of individuals in the four populations ranged from the widest range (5-120 cm) of 

the Little Flora north population to the most narrow range (5-50 cm) of the Little Flora south 

population (Table 5 .1 ). The island and Big Flora populations had similar ranges (10-110 cm 

and 10-115 cm respectively) to that of the Little Flora north population. 

The island population had a significantly higher mean height (58.9 ± 1.43 cm) than that of the 

three remaining populations (Table 5.1 ). The Little Flora south population had a mean height 

(20.3 ± 1.09cm) that was significantly lower than the other three populations. The Big Flora 

and the Little Flora north populations had similar mean heights (34.3 ± 1.12 cm and 36.8 ± 

0.71 cm respectively) these means were significantly different than that of both the Island 

population and the Little Flora south population. 
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Table 5.1. The mean plant height, skewness and kurtosis of each population's distribution (both skewness and 
kurtosis are unit-less). 

Population 
Number of Mean height 

Skewness Kurtosis 
individuals (cm) 

Island 223 58.9A± 1.43 2.88 -0.411 

Big Flora 268 34.38 ± 1.12 1.606 3.039 

Little Flora 
1163 36.88 ± 0.71 1.624 4.296 

north 
Little Flora 

76 20.3c ± 1.09 0.816 0.479 
south 

The height distributions of the individuals in the exclosure plots and the island population are 

illustrated in Figure 5.5. The height distribution of the hare and stock exclosure plot had a 

weakly positive skewness and kurtosis (0.716 and 0.906 respectively) describing the 

distribution as approximately normal with the mean plant height in the lower height classes 

and a few plants present in the higher height classes (a slightly leptokurtic distribution) 

(Table 5.2). The height distribution of the stock exclosure plot also had a weakly positive 

skewness (0.733) though the kurtosis was strongly positive (1.098), indicating that, as with 

the hare and stock exclosure plot, the mean plant height is in the lower height class with a 

few plants present in the higher height classes (a slightly leptokurtic distribution). The 

control exclosure plot had a height distribution that had a very weakly positive skewness 

(0.013) and a negative kurtosis (-0.944) describing the distribution as approximately normal 

with the mean plant height near the lower height classes with the majority of the plants within 

the population with a height similar to the mean and a few plants present in the higher height 

classes (platykurtic distribution). 
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Figure 5.5. Height proportion of the exclosure plots; (a) island population (n = 223); (b) hare and stock 
ex closure plot (n = 23 ); ( c) stock ex closure plot (n = 18); and ( d) control Plot (n = 17). 

The heights of the individuals within these exclosure plots ranged from 15-90 cm of the hare 

and stock exclosure plot, the widest, to 25-50 cm of the control exclosure plot, the most 

narrow. The stock exclosure plot had a range (20-85 cm) that was similar to that of the hare 

and stock exclosure plot. The hare and stock and the stock exclosure plots had more than 

70% of individuals occurring below 60cm in height (Table 5.2). All of the individuals within 

the control exclosure plot had a height of between 21 and 60cm. 

As mentioned previously the island population had a mean height of 59 ± 1cm, which was 

significantly higher than the hare and stock and the control exclosure plots but similar to the 

stock exclosure plot (Table 5.2). The control exclosure plot had the lowest mean height (37 ± 

2 cm), though it was not significantly different from the hare and stock and the stock 

exclosure plots. 
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Table 5.2. The mean plant height, skewness and kurtosis for the exclosure plots distribution (skewness and 
kurtosis are unitless). 

Site 
Number of Mean height 

Skewness Kurtosis 
individuals (cm) 

Island 223 58.9A± 1.43 0.288 -0.411 

Hare and stock 
23 39_9BC ± 3.77 0.716 0.906 

plot 

Stock plot 18 44_7ABC ± 3.75 0.733 1.098 

Control plot 17 37.1 C ± 2.07 0.013 -0.944 

5.3.3.2 Canopy spread 

The distributions of canopy spread of the four populations are illustrated in Figure 5 .6. The 

distribution of canopy spread of the island population had a strongly positive skewness 

(1.955) and kurtosis (3.882), indicating that a majority of the population had a canopy spread 

very similar to the mean (in the lower canopy spread classes) although there were several 

plants within the higher canopy spread classes (Table 5.3). The Big Flora population had a 

distribution that had a strongly positive skewness (2.980) and a very strongly positive 

kurtosis (12.434) indicating that a large proportion of the population were very similar to the 

mean and in the lower canopy spread classes, although there were plants with large canopy 

spread (leptokurtic distribution). The distribution of the canopy spread of the Little Flora 

north population also had a strongly positive skewness (2.642) and a very strongly positive 

kurtosis (10.041) describing the distribution to be similar to that of the Big Flora population. 

The Little Flora south population had a canopy spread distribution that had a strongly positive 

skewness (2.052) and a strongly positive kurtosis (4.480) showing the distribution to be 

similar to that of the island population. 
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Figure 5.6. Canopy spread proportion of the four populations; ( a) island population; (b) Big Flora population; 
( c) Little Flora north population; and ( d) Little Flora south population. 

The Little Flora north had the widest range of canopy spread (0.1 - 4.0 m2
), in contrast to the 

Little Flora south population, which had the most narrow range of canopy spread (0.1 - 2.0 

m2
) (Table 5.3). The island population and the Big Flora population had similar ranges (0.1 -

3.5m2 and 0.1 - 3.3 m2 respectively). 

The island population had a mean canopy spread of 0.61 ± 0.05 m2
, which was significantly 

larger than the three remaining populations (Table 5.3). The Big Flora population had a 

mean canopy spread of 0.43 ± 0.03 m2
, though it was not significantly different form the 

means of the Little Flora north and Little Flora south populations (0.39 ± 0.01 m2 and 0.26 ± 

0.03 m2 respectively). All four populations had more than 80% of individuals with a canopy 

spread less than lm 2
• 

4.0 

4.0 
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Table 5.3. The mean canopy spread, skewness and kurtosis of the four populations' distribution (skewness and 
kurtosis are unit less). 

Population 
Number of Mean canopy 

Skewness Kurtosis 
individuals spread (m2

) 

Island 223 0.61 A± 0.05 1.955 3.882 

Big Flora 268 0.438 ± 0.03 2.980 12.434 
Little Flora 

1163 0.398 ± 0.01 2.642 10.041 
north 

Little Flora 
76 0.268 ± 0.03 2.052 4.480 

south 

The distribution of the canopy spread for the exclosure plots including the island population 

are illustrated in Figure 5.7. The distribution of canopy spread of the hare and stock 

exclosure plots had a strongly positive skewness and kurtosis (1.336 and 1.107 respectively); 

indicating that the majority of the population had a canopy spread in the lower classes and 

similar to the mean, although there plants that had a larger canopy spread is skewed to right 

and the underlying distribution is leptokurtic (Table 5.4). The distribution of canopy spread 

of the stock exclosure plot was similar to that of the hare and stock exclosure plot, with a 

strongly skewness and kurtosis (1.515 and 2.578 respectively). The distribution of the 

canopy spread of the control exclosure plot had a weakly positive skewness (0.840) and very 

weakly positive kurtosis (0.101); indicating that the distribution as approximately normal 

with the majority of the population occurred in the smaller canopy spread classes, although 

there were plants with larger canopy spreads (leptokurtic distribution). The hare and stock 

and the stock exclosure plots had more than 90% of individuals with a canopy spread less 

than 1.5 m2
, while all the individuals of the control exclosure plot had a canopy spread less 

than 1 m2
• Frequency distributions of canopy spread are illustrated in Appendix 4. 
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Figure 5.7 Canopy spread proportions for the exclosure plots; (a) Island site; (b) Hare and stock exclosure plot; 
( c) Hare exclosure plot; and ( d) Control plot. 

As mentioned previously, the island population had a canopy spread range of 0.1 - 3.5 m2
, 

which was the widest of the exclosure plots. In contrast the control exclosure plot had the 

most narrow range (0.1 - 1.0 m2
) (Table 5.4). The hare and stock and the stock exclosure 

plots had similar canopy spread ranges. 

As with the four populations, the island population had a mean canopy spread that was 

significantly larger than that of the remaining three exclosure plots (Table 5.4). The stock 

exclosure plot had a mean canopy spread of 0.57 ± 0.05 m2
, although it was not significantly 

different from that of the hare and stock exclosure plot (0.51 ± 0.1 m2
). The control 

exclosure plot had a mean canopy spread of 0.4 ± 0.06 m2, which was significantly smaller 

from both the remaining plots. 
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Table 5.4. The mean canopy spread, skewness and kurtosis for exclosure plots distributions (skewness and 
kurtosis are unit less). 

Site 
Number of Mean canopy 

Skewness Kurtosis 
individuals spread (m2

) 

Island 223 0.61A± 0.05 1.955 3.882 

Hare and stock 
23 0.51B ± 0.10 1.336 1.07 plot 

Stock plot 18 0.57B ± 0.11 1.515 2.578 

Control plot 17 0.41 C ± 0.06 0.840 0.101 

5.3.4 Surrounding vegetation 

There were a total of 27 species found in association with all the 1730 individual H 

armstrongii plants found (full list in Appendix 3). Moss and Leucopogon colensoi were the 

most frequent species (71.4 % and 67.5 % respectively) associated with Hebe armstrongii 

(Table 5.5). The shrub species Halocarpus bidwillii and Ozothamnus leptophylla were also 

commonly associated with Hebe armstrongii (12.3 % and 10.4% respectively). Of these 27 

species, 20 species (74.1 %) were ground cover species such as the grasses Agrostis 

capillaris, Festuca nova-zelandiae, and the herbs Gaultheria depressa, Pimelea prostrata, 

Leucopogon colensoi, Leucopogonfraseri. The remaining seven species (25.1 %) were shrub 

species such as Discaria toumatou and Hebe armstrongii. 

Table 5.5 The count and frequency of the species associated with H. armstrongii. Only species that have a 
frequency> 0.5. 

Species 

moss 

Leucopogon co!ensoi 

Ha!ocarpus bidwi!!ii 

Ozothamnus !eptophylla 

Gaultheria depressa var novae-zelandiae 

Hebe armstrongii 

Discaria toumatou 

Agrostis capillaris 

Festuca novae-ze!andiae 

Leucopogon fraseri 

Holcus lanatus 

Pimelea prostrata 

Aciphyl!a scott-thomsonii 

Count 

1235 

1167 

213 

180 

67 

64 

55 

52 

49 

16 

12 

12 

10 

Frequency 

71.4 

67.5 

12.3 

10.4 

3.9 

3.7 

3.2 

3 

2.8 

0.9 

0.7 

0.7 

0.6 
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These 27 associated species occurred in a total of 93 different combinations (for a full list of 

combinations Appendix 4). The number of species per combination ranges from single 

species such as Leucopogon colensoi, Agrostis capillaris and Ozothamnus leptophylla, to 

three species combinations, for example Ozothamnus leptophylla, Leucopogon colensoi and 

moss (Table 5.6). The most frequent combination was Leucopogon colensoi and moss (49 

%), the single species combinations were also common, moss occurred with 8.7 % and 

Leucopogon colensoi occurred with 4.1 % of individuals. Moss occurred in 29 % and 

Leucopogon colensoi 34.1 % of all combinations. The majority (77.4 %) of the combinations 

occurred at a frequency of <0.5 %, while there were 13 combinations that had a frequency 

> 1 %, with only one combination that occurred at a frequency >40 % (moss and Leucopogon 

colensoi). 

Table 5.6. The count and frequency of the combinations of species associated with H. armstrongii. Only 
species that have a frequency> 0.5 are listed. 

Combination of species 

Leucopogon colensoi -moss 

moss 

Leucopogon colensoi 

Ozothamnus leptophylla 

Agrostis capillaris - Ozothamnus leptophylla 

Halocarpus bidwillii - Leucopogon colensoi 

Gaultheria depressa var novae-zelandiae - Leucopogon colensoi -moss 

Ozothamnus leptophylla - Leucopogon colensoi -moss 

Ozothamnus leptophylla - Leucopogon colensoi 

Halocarpus bidwillii - Leucopogon colensoi -moss 

Gaultheria depressa var novae-zelandiae -moss 

Halocarpus bidwillii -Corokia. cotoneaster 

Hebe armstrongii 

Agrostis capillaris - Festuca novae-zelandiae 

Ozothamnus leptophylla - Hebe armstrongii 

Discaria toumatou- Leucopogon colensoi -moss 

Ozothamnus leptophylla - moss 

Agrostis capillaris - Holcus lanatus 

Discaria toumatou 

Discaria toumatou- Leucopogon colensoi 

Festuca novae-zelandiae - Leucopogon colensoi 

Count Frequency 

848 49.0 

151 8.7 

71 4.1 

49 2.8 

35 2.0 

35 2.0 

29 1.7 

28 1.6 

28 1.6 

27 1.6 

23 1.3 

23 1.3 

21 1.2 

16 0.9 

15 0.9 

14 0.8 

13 0.8 

10 0.6 

10 0.6 

9 0.5 

9 0.5 
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5.3.5 Enys Reserve 

The height and canopy spread distribution of the Enys Reserve population (including planted 

individuals) are illustrated in Figure 5.8. The height distribution of the Enys Reserve 

population had a weakly positive kurtosis and skewness (0.2656 and 0.4486 respectively). 

This indicates that the distribution is approximately normal with a majority of the plants in 

the lower height classes although there were plants within the higher height classes 

(leptokurtic distribution). The heights of individuals within this population ranged from 13 

cm to 62 cm, with a mean height of 30 ± 2 cm (Table 5. 7). 
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Figure 5.8 The height (A) and canopy spread (B) distributions of the Enys Reserve population (n = 35). 

The canopy spread distribution of this population had a strongly positive kurtosis (3.394) and 

skewness (1.722), indicating that the canopy spread is less normally distributed than the 

height distribution. A large proportion of the plants had a smaller canopy spread, very 

similar to the mean, although there were plants with larger canopy spread (leptokurtic 

distritbution). The canopy spread of this population ranged from 0.0434 m2 to 0.643 m2
, with 

a mean of 0.204 ± 0.022 m2
. 

Table 5.7 The mean height, mean canopy spread, kurtosis and skewness distribution of the Enys Reserve 
population. Kurtosis and skewness are without units. 

Measurement 
Number of 
inidividuals 

Mean Kurtosis Skewness 
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Height (cm) 

Canopy spread (m2) 

35 

35 

30±2 

0.204 ± 0.022 

5.3.6 Plant growth form and age 

0.2656 

3.3938 

0.4486 

1.7221 

79 

The growth form of H. armstrongii was dependent on what species the plant was growing in 

association with. The growth form of the shrub ranged from a full shrub canopy when 

growing free of other shrub species (Figure 5.9) to a sparse, thin branched shrub when it 

growing up the centre of another shrub species (Figure 5 .10). Resulting from the variation in 

plant growth form (i.e. plants with large canopy spread which is open) plant canopy spread 

and volume calculations can be overestimations and should be treated with caution. While 

plant biomass and height are positively correlated with plant age, plant height alone is not a 

good estimation of age (Chiarucci et al., 1999). 

Figure 5.9 H. armstrongii growing in front of H. bidwillii. 

Dave Kelly
Comment on Text
Taken at Flora population 3 looking NW
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Figure 5.10 H armstrongii growing amongst H bidwillii 

5.4. Discussion 

5.4.1 Distribution 

The information on the natural distribution of H. armstrongii before human occupation 

suggests that the species occurred from Nelson south to North Otago (see Figure 3.3); 

although there is some confusion whether all the historical sightings were in fact H. 

armstrongii, as discussed in Chapter 3. Both historical information and information provided 

by this study suggest that H. armstrongii is confined to mountainous regions of the eastern 

side of the Southern Alps, occupying subalpine montane grassland and shrubland habitats. 

This is supported by Wagstaff & Wardle (1999), who reported that all whipcord hebe species, 

with the exception of Hebe ochracea, are confined to mountainous regions where the 

summits reach above the climatic tree line. Fire has been attributed as the main cause of 

rarity among the lower altitude whipcord hebe species, including H. armstrongii, which 

grows in association with Halocarpus bidwillii; a species that is documented to be vulnerable 

to fire (Wagstaff & Wardle, 1999). 
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On first inspection the patchy distribution of H armstrongii appeared to be governed by the 

landform of the valley, as the majority of the populations inhabited the eastern banks and 

terraces of the Nigger Stream and were absent from the alluvial valley floor and riverbed 

(Figure 5.3.1). However, climatic and geological comparisons between sites indicated that 

there were no significant differences between the sites, (Chapter 2). The patchy distribution 

of H armstrongii through the Nigger Valley is consistent with the distribution patterns of 

even the most abundant whipcord species, with the majority occurring in habitats that have 

remained minimally disturbed by human activity (Wagstaff & Wardle, 1999). Plant species 

are typically distributed non-randomly in space i.e. the aggregation of a species into patches 

and gradients (Roxburgh & Chesson, 1998). This patchy or disjunct distribution pattern has 

also been observed in other New Zealand woody species for example, Olearia hectorii 

(Rogers, 1996) and Clianthus puniceus (Shaw & Burns, 1997). With H armstrongii's 

persistence within highly modified habitats, both in the Nigger Valley and Enys Reserve, as 

well as the absence of this species from what appear to be suitable habitats, suggests that the 

patchy distribution of the species could be natural or pre-human (for examples see (Wagstaff 

& Wardle, 1999) (Widyatmoko & Norton, 1997)). 

5.4.2 Herbivory 

Herbivory by hares (Lepus europaeus) has been documented as a major limiting factor within 

the Enys Reserve H armstrongii population both in terms of plant health and regeneration 

(Molloy, 1990). Herbivory, therefore, has also been assumed to be the limiting factor in the 

Nigger Valley population (unpublished data, DOC). Although the Enys Reserve population 

has been removed from stock and hare browsing for 24 years, there has been no 

establishment of new plants through natural regeneration. This absence of regeneration was 

also observed in the 12-year-old exclosure plots in the Nigger Valley population. There was 

also lack of evidence for any browsing on all observed individual plants outside the exclosure 

plots. This was supported by the absence of significant differences in plant growth and 

regeneration between enclosed and open individuals (Table 5.1 to 5.4), despite hare faecal 

pellets being observed throughout the valley (unpublished data, DOC). This suggests that 

grazing on known adult plants is not the predominant factor limiting the regeneration of H 
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armstrongii within the Nigger Valley. There was, however, some stock damage evident to 

adult individuals observed in the Nigger Valley population. This included up-rooting from 

wild pigs and trampling from both feral ( deer) and domestic animals ( cattle and sheep) in 

both the present study and in previous monitoring by DOC (unpublished data, DOC). 

Another South Island whipcord species, Hebe cupressoides, was also reported to be both 

affected and unaffected by browsing; this discrepancy in browsing occurred between 

different sites, with the chemical compounds of the species a possible reason for the limited 

browsing observed (Widyatmoko & Norton, 1997). 

The three exclosure plots were set up by DOC to monitor the effect of herbivory, especially 

by hares, as a result of the inferred hare herbivory from the Enys Reserve population 

(Molloy, 1990). The number of individuals ranged from 17-23 plants per plot, with all plants 

in general good health, the majority flowering and, setting seed ( or there was evidence of 

previous seed setting). The control plot had significantly lower mean plant height and 

canopy spread than the other two plots, however, there was no significant difference between 

the hare and stock and the stock plots. The variability between the control plot and the 

remaining plots could be a result of stochastic chance, other site characteristics, such as 

microclimate, as well as herbivory. As a result of the lack of resources (number of 

individuals and the land made available by the land owner), DOC was not able to set up a 

replicated experiment. This lack of replication may lead to the underlying biological pattern 

being overlooked and statistical descriptions may also not be true representations and should 

therefore be treated with caution (Hurlbert, 1984). The lack of significant differences 

between the hare and stock and the stock plots could, however, imply that herbivory may not 

be the limiting factor in the regeneration of this species. The plants on the island, however, 

were significantly taller and had significantly larger canopy spreads than those in the 

remaining exclosure plots. This difference could be contributed to the age and lack of 

disturbance within the island population (D .A. Norton, pers. Comm.). 

H armstrongii branches are very brittle especially in the summer months and foliage could 

break off cleanly when brushed by livestock or humans, which often gives the appearance of 

herbivory. The lack of observed herbivory in the present study and in previous DOC 
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monitoring in the study area, does not however, imply that H armstrongii is free of 

browsing. Historical browsing pressure ( e.g. during the earlier part of the 20 Th C when stock 

numbers were higher than more recently) may have had a major impact on H armstrongii To 

establish the true affect possible herbivores are having on H armstrongii more 

comprehensive monitoring needs to be undertaken (as discussed in Chapter 7) 

5.4.3 Population structure 

The only known extant population of H. armstrongii comprises of 1735 individuals in the 

Nigger Valley, with the Enys Reserve population consisting of 3 5 individuals ( although these 

are mainly planted individuals). In both populations, however, there was an apparent lack of 

regeneration. This absence of juveniles was identified through the recognition that while 

there are small plants present (in terms of height and canopy cover), these plants were 

observed to have numerous stems with large diameter. The absence of juvenile plants from 

all known populations suggests that some aspect of this species regeneration or establishment 

is limiting recruitment. 

The paucity of juvenile plants may also be a result of the individuals failing to set seed or 

germination or establishment. Evidence for constant :flowering and seed pod production was 

observed in the present study and during the constant monitory of both the Enys Reverse and 

the Nigger Valley populations (unpublished data, DOC). There was, however, an observed 

failure in seedling establishment in Nigger Valley and Enys Reserve populations. Flowering 

and seed production have not been observed every year in both the Nigger Valley and the 

Enys reserve populations during the 12 years these sites have been monitored (S. Phillipson, 

pers comm). 

Seedling recruitment is the most critical stage of life history of long lived woody plants. 

While there are many factors that interact to induce vegetation change (i.e. invasion of shrubs 

into grasslands), stock grazing has been acknowledged as a primary factor (Madany & West, 

1983). The reduction in vegetation biomass, (both above and below ground), and species 

composition which accompanies chronic stock grazing may increase the opportunities for 

seedling establishment (Brown & Archer, 1999). However, Brown & Archer (1999) found 



Chapter 5: Population structure 84 

that the reduction in grass biomass due to stock grazing had little to no effect on the 

emergence, growth and survival of Prosopia glandulosa in the south western United States 

The island population is considered to be unique population as it is completely isolated from 

the main land all year round by a large tam (> 1 min depth); as a result it is thought to have 

remained untouched by human induced disturbances such as grazing by live stock and 

pastoral burning (D.A. Norton pers comm.). Although there was little observed evidence for 

livestock presence on the island, it is possible that at times when the tam water levels are low 

livestock can access the island. As a result of the islands isolation, population's habitat and 

structure is therefore considered to be as natural as possible in this highly modified 

environment. This population was a dense cluster of individuals, with a majority of 

individuals being of good health. Although in this population, as with the other three 

populations, there were again, no observed signs of regeneration i.e. there were no small 

plants that could be considered to be juveniles, although there was evidence of profuse 

flowering and seed set (unpublished data, DOC). The lack of juveniles, even in apparently 

unmodified habitats, suggests that there is probably an environmental factor ( climatic 

conditions or disturbance) or lack of, seems to be the biggest single factor limiting this 

species regeneration in the study area. 

5.4.4 Association 

There were two main types of associations between H armstrongii and the surrounding 

vegetation on the terraces of Little Flora. The most predominant was the clumped vegetation 

patches surrounded by bare ground associated with the bogpine shrubland community 

described in chapter 4. The strong association of H armstrongii with ground cover species 

(e.g. L. colensoi and moss) indicates that H armstrongii plants grow largely independent of 

other shrub vegetation (Table 5.5 and 5.6). L. colensoi and moss could provide the 

appropriate microclimate for seedling establishment i.e. moss species could trap water and 

reduce the water lose from the soil. This contradicts the previously assumed association 

between H armstrongii and H bidiwillii (Molloy, 1990; Wagstaff & Wardle, 1999), as H 

bidiwillii was only associated with 12.3 % of all measured H armstrongii plants. The second 

most predominant vegetation type was the grassland-shrubland communities associated with 
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the ( cottonwood)-(browntop) grassland community and to a lesser extent the bogpine 

shrubland community described in Chapter 4. In this vegetation type H armstrongii is 

associated with grass species (e.g. A. capillaris) and shrub species such as 0. leptophylla. 

These associations are found on the island in the Mounds of Misery and on the northern Little 

Flora terrace. These associations suggest that there are some biotic or abiotic aspects of the 

communities that favour the growth of H armstrongii, thus providing a basis for future 

management and the location of unknown populations. 

5.5 Summary 

This study located 1730 H. armstrongii plants in the Nigger Valley. The located plants had a 

patchy distribution throughout the study area, with four main populations identified (The 

island population, Big Flora population, Little Flora north population and Little Flora south 

population). The four populations appeared to have similar population structure (plant height 

and canopy spread), with the exception of the island population, which had significant larger 

plant height and canopy spread than the remaining population. The three exclosure plots also 

appeared to have population structure, with the island population again having a significantly 

larger height and canopy spread. These differences in plant height and canopy spread could 

be a result of historical disturbances, including fire and herbivory, which are likely be have 

been absent from the island population. However, these significant differences should be 

treated with caution as there was no replication. The Enys Reserve population had similar 

structure to the study area populations. There was an apparent lack of juveniles within all 

populations in the study area and Enys Reserve. This lack of juveniles has previously been 

associated with herb ivory, although this study' s findings do not support that theory. 

H armstrongii grew in association with 27 species in 93 different combinations. Moss and 

L. colensoi were the most common species growing in association with H armstrongii, with 

H bidiwillii having a weaker association than previously thought. 
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Chapter 6: 

Environmental Domains 

6.1 Introduction 

The ecosystem approach to conservation is being widely incorporated in New Zealand 

and world wide, in order to manage both biodiversity and other wider environmental 

issues (Leathwick et al., 2002b). In New Zealand, this approach to conservation utilises 

ecosystem based classification Land Environment of New Zealand (LENZ), which relies 

on the identification of geographical areas that have similar ecosystem characters. 

However, still problems still exist with this system, such as: terminology, lack of an 

implicit spatial element in standard fonnulations of ecosystem concept and the highly 

dynamic nature of ecosystems in both time and space (Leathwick et al., 2002b). As 

ecosystems are typified by dynamic relationships between their biotic and abiotic 

characteristics, predicting an ecosystem character at any site is complicated by the 

manner in which the systems characteristics change at different rates over time. Abiotic 

components (e.g. average climate conditions), have a tendency to change at a slower rate 

(over broad time scales) than biotic components (e.g. species composition). Thus by 

focusing on the more stable abiotic ecosystem characteristics LENZ provides a frame 

work to characterise the broad potential biological conditions at a site (Leath wick et al., 

2002a). 

6.1.1 Objectives. 

The aim of the chapter is to identify areas for potential habitat of Hebe armstrongii. More 

specifically: 

(1) identify the environmental domain(s) in which Hebe armstrongii are located; 

(2) describe the biotic and abiotic characteristics of the identified domains; 
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6.2 

(3) compare the distribution of the identified domains with the recorded distribution 

of Hebe armstrongii; 

(4) aid in the location of unknown wild populations. 

Methods 

LENZ was used to identify the environmental domain Hebe armstrongii occurs within. 

LENZ is an environmental classification of New Zealand, including the use of numerical 

data layers describing various aspects of New Zealand's climate, landform and soil. 

LENZ is GIS based program that runs in Arcview 3.2a. This system classifies 

ecosystems throughout the country using seven climatic layers (mean annual temperature, 

mean minimum of the coldest month, mean annual solar radiation, mean winter solar 

radiation, october vapour pressure deficit, monthly water balance ration and mean annual 

water deficit) and seven soil layers ( drainage, acid soluble phosphorus, exchangeable 

calcium, particle size, induration, soil age and chemical limitations), which were derived 

from information of numerous meteorological stations and from the New Zealand Land 

Resource Inventory (NZLRI) and New Zealand Soil Database (NZSD) respectively. For 

further technical detail on LENZ see Leathwick (2002a). 

Using Arc view 3 .2a, all H armstrongii plants ( 115 GPS positions) identified in Chapter 5 

were analysed using the LENZ layer. 

6.3 Results 

All 115 different GPS positions, representing the locations of the 1730 plants, were 

located in one environmental domain, E4 (Figure 6.1) as was the Enys Reverse 

population. The domain E4 is restricted to the eastern South Island, but is quite 

widespread in the inland valleys throughout Canterbury (Figures 6.2. and 6.3). 

The historical distributions of H armstrongii are shown in Figures 6.2 and 6.3. As the 

historical distribution of H armstrongii is not exact (see Chapter 3), it was not possible to 
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.... 

Figure 6.2 Distribution of the environmental domain E4 (level 2). The Red circles indicate the recorded 
distribution of H. armstrongii. 
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Figure 6.3 Distribution of the environmental domain E4.2 (level 4). The Red circles indicate the recorded 
distribution of H. armstrongii . 

locations (Mt White and Enys Reserve) were within the domain E4, with the Rangitata 

population possibly in E4. The Upper Wairau, Amuri and Mt Kurow locations appeared 

not to occur in environment domain E4 (although H. armstrongii does not necessarily 

occur at these locations (Chapter 3)). 

The environmental characteristics of this domain are listed in Table 6.1. The climate of 

the E4 domain is generally cool with high solar radiation, moderate vapour pressure 
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deficit and low annual water deficits. Parent material for the environment E4 consists of 

greywacke alluvium with some loess, colluvium and till. Soils are generally well drained 

and have high natural fertility (Leathwick et al., 2002a). 

Table 6.1 Environmental characteristics of Domain E4, data source Leathwick (2002a) 

6.4 

Environmental features 

Area (ha) 

Altitude (m) 

Mean annual temperature (°C) 

Mean minimum of the coldest month (°C) 

Mean annual solar radiation (MJ/m 2/day) 

Mean winter solar radiation (MJ/m 2/day) 

October vapour pressure deficit (kPa) 

Monthly water balance ratio (ratio) 

Mean annual water deficit (mm) 

Slope(°) 

Drainage ( 1 =very poor - 5=good) 

Acid soluble phosphorus (l=v. low to 5=v. high) 

Exchangeable calcium (1 =v. low to 5=v. high) 

Particle size (l=clay/silt to 5=boulder-massive) 

Induration (1 =non-indurated to 5=v. strongly ind.) 

Soil age (1 =raw/recent, 2 = older) 

Chemical limitations (1 =low, 2=saline, 3=ultramafic) 

Discussion 

Domain E4 

320,616 

746 

8.4 

-2.2 

14.1 

4.6 

0.4 

2.7 

64.2 

6.5 

5 

3.9 

1.1 

3 

2.1 

2 

1 

The findings of the current study indicate that all known H armstrongii plants occur 

within only one environmental domain, E4. Although the Environmental Domain E4 is 

relatively widespread throughout high country valleys in Marlborough, Canterbury and 

North Otago, the known distribution of this species appeared to be limited to Nigger 

Valley and Enys Reserve, Canterbury (Chapter 2 & 5). The historical distribution 

reported by Allan (1961) did not give specific locations e.g. Rangitata, Upper Wairau, 

Arnuri and Mt Kurow, nor is the taxonomic status and actual distribution of the species 

clear (Chapter 2). As a result, it is not possible to accurately identify the environmental 
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domains that the historical recorded populations may have occurred in, although there are 

areas of Upper Wairau, the Rangitata and Amuri that are within domain E4. However, 

Mt Kurow does not occur within domain E4 (Figure 6.3), even though there is an 

abundance of H bidwillii, (which is commonly associated with H armstrongii) in the 

area (Chapters 2 & 5). 

The majority of the area within domain E4 has not been searched for the presence of H 

armstrongii, therefore, it is still possible that H armstrongii is present in some of these 

areas, including historical sites (Upper Wairau and Amuri). Thus, active management of 

H armstrongii should include thorough searches of areas within E4 on the eastern side of 

the Alps (D.A. Nortonpers comm.). 

The possible reasons for the limited distribution of H armstrongii include geographical 

isolation (i.e. their location makes dispersal by wind ineffective (Wagstaff & Wardle, 

1999)), the species is naturally rare and therefore has a limited distribution, a key habitat 

characteristic or environmental cue is not present in the other areas and the human factor 

i.e. distribution once larger now reduced due to human activities both direct (habitat 

fragmentation and loss (e.g. Widyatmoko & Norton (1997)) or indirectly (introduction of 

invasive plant species, herbivores ( e.g. Clout & Hay (1989)). The explanation for the 

limited and disjunct distribution of H armstrongii may not be a result of one cause alone, 

but a combination of the above factors. 

The findings of the present study that there are many areas throughout Marlborough, 

Canterbury and North Otago that have the same environmental characteristics as the 

study area increases areas for possible future management i.e. population protection and 

possible replanting. However, as this species could be naturally rare or could have a 

naturally limited distribution, the appropriateness of conservationists to increase the range 

or size of the distribution and/or transplanting the species into areas that are not naturally 

inhabited by this species comes into question. 
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6.5 Summary 

All known populations of H armstrongii are located within one Environmental Domain, 

E4. This domain contains high country valleys within Marlborough, Canterbury and 

North Otago and is relatively wide spread. This environmental domain has similar 

characteristics to those of the study area (Chapter 2). As a result of these findings, many 

high country areas within Marlborough, Canterbury and North Otago can now be 

included as possible areas of current habitat or areas for future active management of H 

armstrongii. With the species being contained in one environmental domain, possible 

future management could include the replanting of H armstrongii into high country areas 

within the domain E4. 
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Chapter 7: 

Conclusion 

The ecological findings and management implications identified in the present study are 

summarised here in the form of a Threatened Species Recovery Plan. The structure of 

this recovery plan is consistent with that used by the Department of Conservation in 

recent recovery plans (e.g. (Norton, 2000)). The use of the recovery plan format was 

chosen for this concluding chapter as it enables the ecological findings of this study to be 

readily accessible for the future management of H armstrongii. 

Hebe armstrongii Recovery Plan 

7.1 Introduction 

Hebe armstrongii, a distinctive member of the whipcord species within the Hebe genus, 

is a yellow-green shrub that occurred historically from Marlborough to Otago. Current 

populations are located in the Nigger Valley and Enys Reserve, inland Canterbury, in 

montane grassland/shrubland communities predominantly associated with Halocarpus 

bidwillii, from which H armstrongii is not easily distinguished morphologically. 

Anthropogenic habitat fragmentation and destruction, including extensive fires, recent 

extensive pastoralism and the introduction and spread of invasive species, has almost 

certainly resulted in a pronounced reduction in the distribution and regeneration of H 

armstrongii, confining it to the Nigger Valley and Enys Reserve. As a result of its 

decline, H armstrongii has been classified as Nationally Endangered in the most recent 

assessment of New Zealand threatened and uncommon flora and fauna (Molloy et al., 

2002). 
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The goal of this recovery plan is to address the decline of H armstrongii and to 

recommend management initiatives that will restore and sustain this threatened plant 

species within its natural habitats. 

7.2 Species Description 

Hebe armstrongii was first described by JB Armstrong in 1879 in the Rangitata River 

Valley, South Canterbury. H armstrongii is a whipcord hebe that is a much-branched 

erect shrub about 1 m tall. It is a yellow-green in colour, is not glossy and has intemodes 

about 1 - 1.5 mm long and partly exposed. The leaves are about 1 mm long and connate 

for up to two thirds of their length. The flowers are lilac coloured in the wild and seed 

capsules are 3-3.5 x 1.5-2 mm in size (Allan 1961). 

7.3 Distribution and abundance. 

The historical distribution of H armstrongii extends from Marlborough to north Otago 

with records from the Upper Wariau, Arnuri, and Rangitata valleys, and Mt Kurow 

(Allan, 1961). However, none of these populations have been relocated since their initial 

recording (N. Head and D.A. Norton pers comm.) and there are doubts about the validity 

of some of these records (especially Mt Kurow). 

The only known wild populations occur in the Nigger Valley and Enys Reserve, Cass 

Ecological District, Canterbury, New Zealand. The Nigger Valley population has 

approximately 1730 individuals and Enys Reserve 35. Both populations are confined to 

small areas. 
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Table 6.1 Number of H. armstrongii individuals present for the extant of known wild populations and land 
tenure status of the sites: R, Reserve; LH, Crown lease hold land. Note: that a large number 
of the Enys Reserve population has been planted. 

Site 
Number of Regeneration 

Land status individuals present 
Enys Reserve 35 None R 
Nigger Valley: 
Mounds of Misery 223 None LH 
Big Flora 268 None LH 
Little Flora: 
South 76 None LH 
North 1163 None LH 

Total number of individuals: 1765 

7.4 Ecology 

H armstrongii occurs within montane grassland and shrubland communities (Chapter 4). 

This species grows most commonly with the dwarf shrub species Leucopogon colensoi 

and Gaultheria depressa, grass species Anthoxanthum odoratum, Festuca novae

zelandiae and Agrostis capillaris, and to a lesser extent with the shrub species 

Halocarpus bidwillii, Discaria toumatou and Ozothamnus leptophylla (Chapter 5). 

Although H armstrongii flowering and seed pod production occurs frequently, actual 

regeneration appears to be limited. Consequently there is a lack of juvenile plants in all 

known wild populations. There is some uncertainty as to the reasons for this lack of 

regeneration, especially with regards to the role of herbivory (Chapter 5). 

The Nigger Valley population experiences the coldest mean annual temperature in July (-

1.20 C ± 0.1 ° C) and the warmest mean annual temperature in February (20.6 ° C ± 0.1 ° 

C). The mean annual temperature of 8.8° C ± 0.1 ° C ((Norton, 1985), at Mt White 

Station mean annual rainfall of 1045 l1ll1l (from 1951 -1980) (Service, 1983), while at 

Arthur's Pass mean annual rainfall is 4235 111111 (1998-2001, data source NIWA); rainfall 

at the Nigger Valley site is intermediate between these two. 

7.5 Reasons for Decline 

The lack of historical information on the true distribution and abundance of H 

armstrongii makes it difficult to estimate the extent of the decline, and the possible 
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causes of decline. The most dominant threat to the known wild population appears to be 

limited regeneration, and a lack of seedling establishment. There are a number of 

possible causes for this limitation including herbivory, stock damage, up rooting of adult 

plants and habitat loss. 

From observations of the H armstrongii population in Enys Reserve, herbivory by hares 

was considered to be the dominant threat to this population. Although there have been 

documented hare populations in the Nigger Valley system, there were signs of herbivory 

from either hares or other species to any of the sighted individuals within the valley 

during the present study. The other herbivorous mammalian species present within the 

valley including sheep, cattle, wild pigs and deer. The absence of a strong herbivore 

effect was supported by the lack of difference in both plant height and canopy spread 

between the three exclosure plots site up by DOC in 1980, the island population, 

however, had higher plant height and larger canopy spread than the three exclosure plots 

and is presumed to be unique, as it has been isolated from all herbivory for longer then 

the three exclosure plots (Chapter 5). 

With the presence of live-stock including cattle and sheep, stock damage has been 

observed. The damage included the trampling of individuals when stock form paths and 

seek shelter from the sun. The up rooting from the wild pigs appears to be far more 

detrimental disturbance to the population, as it involves the up rooting of large areas 

which either damages or kills the plants affected, from which they do not appear to 

recover rapidly. 

All known H armstrongii individuals are located in habitats that have been either 

disturbed by fires in the past century or completely converted into production land (with 

the exception of the island population). As there is little information on the natural 

habitats of H armstrongii, comparison with their present habitat cannot be made. 

However, it is presumed that there has been considerable loss of habitat due to the human 

history of the area, limiting the population (as it has for other threatened species e.g. 

(Norton, 2000)). Conversely the conversion of forested areas within the valley to 

montane shrubland and grassland as a result of earlier fires could have increased the 
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available favourable habitat thereby allowing this rare species to increase in distribution 

and abundance. 

7.6 Recovery potential 

Based on known population sizes and the current limited or lack of regeneration of H 

armstrongii in the wild, it would seem likely that without active management decline in 

the existing populations will occur. While it seems unlikely that the species will become 

extinct in the foreseeable future it is, however, probable that the remaining populations 

may not persist without active management. H armstrongii is an attractive plant that is 

easily propagated and is widely grown in cultivation, although the petals are lilac in 

colour in cultivation while in the wild they are white. With active management it would 

seem reasonable to expect an improvement in the regeneration and condition of the 

existing populations ( e.g. abundance and distribution). In the long term an increase in the 

overall abundance of this species in the wild would be the desired outcome. 

Understanding the species' optimum ecology and the factors limiting the species 

reproduction, will strengthen effective and sustainable management of this species in the 

wild. 

7.7 Conservation history 

Past conservation efforts of H annstrongii m the Nigger Valley have focused on 

surveying the known populations, including the present study. However, the population 

in the Enys Reserve has undergone extensive management. The surveys in the Nigger 

Valley include the annual monitoring of three exclosure plots by DOC ( control, stock and 

the stock and hare exclosure plots) and the plants on the unnamed island in the largest 

tarn in the Mounds of Misery, which commenced in 1980s and continued in the present 

study. As a result of the herbivory observed on the Enys Reserve population by hares, 

occasional hare shooting has been undertaken by DOC in the Nigger Valley (S. 

Phillipson pers. comm.). The Enys Reserve population has been managed since the early 

1980s, which included securing the area in which the population is located as a reserve, 

annual monitoring tagged individuals, fertilization, fencing, transplanting and constant 
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monitoring. These efforts, however, have not increased the abundance and distribution of 

the species at the site. 
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7.8 Options for recovery 

Manage only in cultivation (ex-situ): 

H armstrongii is easily grown in cultivation and is considered to be an attractive and 

popular garden plant. Management in cultivation, however, is unlikely to protect and 

increase the full range of genetic diversity present within this species, as well as 

requiring considerable financial and human resources. Ex-situ management alone 

does not address the causes of the species decline in the wild and ignores the fact that 

this species is part of a larger natural ecosystem, including the threats to the other 

species within that ecosystem. 

Manage at a range of sites within the natural range (in-situ): 

The second options is to manage the species throughout its natural habitat by directly 

addressing the threats the species and the ecosystem face, as well as putting 

management initiatives into place that will alleviate the identified threats. 

For successful management, emphasises is placed on Option 2 as the main approach to the 

recovery of this species. Option 1 is also incorporated into Options 2 as ex-situ collections 

may contribute to the recovery of this species. Research by management is seen as a major 

component in the recovery of H armstrongii as there are limited management tools with 

which to deal with the issues presented in the recovery of a species. 

THE LIBRARY 
UNIVERSITY OF CANTERBURY 

CHRISTCHURCH, N.Z. 
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7.9 Recovery strategy 

The vision: To ensure that viable populations of Hebe annstrongii are restored and are 

self-sustaining in the wild throughout the natural geographical range of this 

species. 

Goals for the term of this plan: 

The following goals are designed to meet the overall vision for the recovery of H 

armstrongii (and are listed in priority order). 

Goal 1: Promote landowner/manager interest and involvement in the recovery of H 

armstrongii. 

Goal 2: Promote adaptive management and research that addresses the information 

deficiencies in species ecology and threats. 

Goal 3: Determine more precisely the distribution of H armstrongii and population 

trends. 

Goal 4: Establish ex-situ collections of all H armstrongii populations. 

7.10 Work plan 

To meet each goal the following actions are required: 

Goal 1 

Promote landowner/manager, interest and involvement in the recovery of H armstrongii 
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Explanation 

Conservation of H armstrongii cannot occur in isolation from landowners/managers. 

The main remaining H armstrongii populations occur on leasehold land that is farmed 

and landowners/managers need to be made aware of the importance of this plant and, 

where able and willing, be involved in its recovery. 

Actions required to meet this goal: 

1. Formal consultation on implementation of this plan with the land owners/managers of 

Mt White Station, where the main known wild H armstrongii populations occur, by 

January 2004. 

2. Publication of articles on the ecology and conservation of H armstrongii m 

appropriate local newspapers by June 2004. 

3. Seek appropriate protection of sites (e.g. through covenanting or tenure review) as 

opportunities arise throughout the duration of this plan. 

Goal2 

Promote adaptive management and research that addresses the information deficiencies in 

species ecology and threats. 

Explanation 

The present study has helped clarify several aspects of the ecology of H armstrongii but 

the efficient management of this species is still hindered by knowledge deficiencies in 

some aspects of reproductive biology, ecology (including true historical distribution) and 

threats. This requires prioritisation of research topics, with research by management 

needed to address these deficiencies. Specific research question are: 

>-Why is there an apparent lack of regeneration? 

>, Are the seedlings being out competed by exotic grass species? 
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Y Do the seedlings experience herbivory? 

Y Is there a lack of disturbance or other environmental cues preventing 

seedling establishment? 

Y Why is this species so localised? 

Y Is this species naturally rare? 

Y Is this species still present in historical sites? 

Y Are there genetic differences between wild and cultivate individuals? 

Y What are the effects of herbivory on this species? 

Actions required to meet this goal: 

1. Maintain a regularly updated list of research topics to be managed by the Recovery 

Group leader. 

2. Prioritise research topics annually at the Recovery Group meeting and make available 

to potential research providers. 

Research by management approaches could include: 

• The establishment of further exclosure plots to ascertain the true effect of 

herbivory (if any) and responsible species; 

• The identification of regeneration limitations through seed germination 

experiments, including competition trails; 

• The identification of the role (if any) Halocarpus bidwillii plays in the ecology of 

H armstrongii; 

• The determination of the genetic status of the species, for both the wild and 

cultivation plants. 

Goal 3 

Determine more precisely the true distribution of H armstrongii and population trends. 
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Explanation 

The number of sites at which H armstrongii is currently known to occur has increased as 

a result of the present study and it would seem likely that further surveys may locate 

additional populations throughout the upper Nigger Valley and other similar locations 

(Chapter 6). While surveys assist in identifying new populations, we have only limited 

information on changes in plant abundance with time. Further survey work together with 

annual surveillance monitoring of existing populations should address this issue. Such 

monitoring should follow a standard format and include tagging of a sample of plants ( or 

all plants where possible) and recording of plant health (based on canopy dieback to the 

nearest 10%). 

Actions required to meet this goal: 

1. Survey sites based on those historic records which sufficiently identify sites by June 

2004. 

2. Survey potential sites as opportunities arise (e.g., during tenure review) throughout 

the duration of this plan. 

3. Implement monitoring programmes for all populations by June 2004, with repeat 

measurements planned for five years after establishment. 

Goal4 

Establish ex-situ collections of all H armstrongii populations. 

Explanation 

Ex-situ collections of H armstrongii will be an important complement to in-situ field 

management programmes as they (i) provide a safe-guard against the extinction of wild 

populations, (ii) provide a source of plants that can be used for restoration projects 

(providing the specimens are sourced from known wild populations), (iii) can play an 

important educational role, being readily available to the general public, and (iv) provide 

a source of material for experimental studies. To be effective as a reserve of plants for 

restoration, ex-situ collections should include the full range of populations (genotypes) 
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for this species, which should include all known wild populations: Flora Terrace 

populations and Mounds of Misery population. 

Actions required to meet this goal: 

1. Establish collections of representative populations of H armstrongii in at least one 

botanical garden in the Canterbury Conservancy (including all know wild population 

genotypes) and in other appropriate places ( e.g., Department of Conservation Area 

office grounds) by June 2005. 
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Appendix 1: 

Glossary of plant names 

VASCULAR PLANTS 

Scientific name Six letter code§ 

Acaena inermis A CAINE 

Aciphylla scott-thomsonii A CISCO 

Agrostis capillaris A GR CAP 

Anthoxanthum odoratum ANT ODO 

Brachyglottis bellidioides BRABEL 

Brachyscome radicata BRARAD 

Bulbinella gibbsii BULGIB 

Coprosma species CAPATR I 

11
1 

Carmichaelia species CARS PP ,' 

iii 
Celmisia gracilenta ,'i' CELGRA 11

1
1

1 

!11 

Celmisia haastii CELHAA !'i 

11 
I 

Celmisia lanceolata CELLAN 
111 

l1l1i 
11.' 

Celmisia sessiliflora CELSES 
1,11 

',I ,I 
I 

Cerastium fontanum CERFON ,Ii, 

Chionochloa ruba subspp. ruba CHIRUB 1"11 

111 

Cirisium vulgare CIRVUL 'r'I' 

;{ Colobanthus acicularis COLA CI 
,1,, 

Coprosma atropurpurea COPATR ii 
I I 

Corokia cotoneaster CORCOT 
I 

Craspedia lanata CRALAN 
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Carmichaelia species CRASPP 

Crepis capillaris CRECAP 

Cytisus scoparius CYTSCO 

Discaria toumatou DISTOU 

Dracophyllum pronum DRAPRO 

Epilobium melanocaulon EPIMEL 

Festuca novae-zelandiae FESNOV 

Gaultheria depressa var novae-zelandiae GAUDEP 

Gentiana corymbifera GENCOR 

Geranium sessiliflorum GERSES 

Gonocarpus aggregatus GONAGG 

Halocarpus bidwillii HALBIB 

Hebe armstrongii HEBARM 

Hebe odora HEBODO 

Helichrysum filicaule HELFIL 

Hieracium pilosella HIEPIL 

Hieracium praealtum 

Holcus lanatus 

Hypochoeris radicata 

Juncus effitses 

Kelleria diejfenbachia 

Leptinella pusilla 

Leucopogon colensoi 

Leucopogon fraseri 

Linum catharticum 

Luzula migrate 

Luzula rufa var. nifa 

Microtis oligantha 

Microseris scapigera 

Muehlenbeckia axillaris 

Olearia bullata 

HIEPRA 

HOLLAN 

HYPRAD 

JUNE FF 

KELDIE 

LEPP US 

LEU COL 

LEUFRA 

LIN CAT 

LUZMIG 

LUZRUF 

MI COLI 

MIC SCA 

MUEAXI 

OLEBUL 
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Olearia cymbifolia OLECYM 

Oreobolus pectinatus OREPEC 

Oreomyrrhis rigida ORERIG 

Ozothamnus leptophylla OZOLEP 

Parahebe lyallii PARLYA 

Pimelea prostrata PIMPRO 

Podocarpus nivalis PODNIV 

Prasophyllum colensoi PRACOL 

Ranunculus multiscapus RANMUL 

Raoulia hookeri RAOYOU 

Raoulia subsericea RAO SUB 

Raoulia tenuicaulis RAOTEN 

Poa colensoi PO A COL 

Rosa rubiginosa ROSRUB 

Rumex acetosella RUMA CE 

Rytidosperma gracile RYTGRA 

Scleranthus brockiei SCLBRO 

Stellaria gracilenta STEGRA 

Taraxacum officinale TAR OFF 

Trifolium pratense TRIP RA 

Trifolium repens TRIREP 

Uncinia fitscovaginata UNIFUS 

Viola cunninghamii VIOING 

Wahlenbergia albomarginata WALALD 

§ The six letter codes are used in Figure 4.1 
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Appendix 2 

The mean height and canopy spread of the 115 subpopulations with the study area. 

Population Mean height Standard Mean canopy Standard 
N 

(cm} error (cm} s~read (cm} error (cm} 
1 58.78 1.43 0.61 0.05 222 
2 26.00 0.00 0.09 0.00 1 
3 46.00 0.00 0.52 0.00 1 
4 35.00 0.00 0.47 0.00 1 
5 26.00 0.00 0.92 0.00 1 
6 30.00 0.00 0.27 0.00 1 
7 54.50 35.50 1.32 1.20 2 
8 36.00 0.00 0.18 0.00 1 
9 111.00 0.00 2.49 0.00 1 

10 61.50 2.50 0.59 0.27 2 
11 14.00 0.00 0.09 0.00 1 
12 32.00 0.00 0.27 0.00 1 
13 13.50 3.50 0.09 0.05 2 
14 26.00 0.00 0.43 0.00 1 
15 30.00 12.00 0.34 0.28 2 
16 19.00 1.95 0.19 0.04 20 
17 30.00 0.00 0.41 0.00 1 
18 17.33 5.81 0.08 0.04 3 I, 
19 16.67 4.91 0.19 0.07 3 

1.1 20 15.67 5.49 0.18 0.06 3 " 
21 19.82 2.30 0.13 0.03 11 II, 
22 19.00 0.00 0.35 0.00 1 ,I, 

23 18.75 1.22 0.26 0.03 20 11 

24 20.29 1.48 0.30 0.05 7 1.: 
'.I, 

25 26.60 3.68 0.51 0.10 15 
1i'[1 

11 

26 12.67 2.03 0.08 0.02 3 i':;; 

27 41.98 2.67 0.54 0.07 41 1l
1 

28 43.33 10.04 0.53 0.29 3 
Ji' 29 51.95 3.43 0.32 0.06 21 j!I 30 60.08 2.71 0.37 0.05 51 1!1 

31 61.00 2.00 0.24 0.05 2 Ii 
32 54.44 7.99 0.29 0.14 9 .i1, 

'I 
,,1 

33 44.00 23.30 0.82 0.40 4 

l

1

i'I 
34 24.75 10.77 0.08 0.05 4 
35 19.30 1.88 0.15 0.02 23 

I 
36 23.00 4.23 0.21 0.06 7 ,1'1 

37 14.57 1.73 0.11 0.03 7 
11, 

38 17.50 1.45 0.14 0.03 22 
,l,i' 

39 20.00 1.77 0.10 0.02 7 1111, 

40 18.15 1.16 0.16 0.02 34 I 

41 17.16 1.13 0.14 0.02 31 
,, 
IT 

42 17.51 0.79 0.14 0.01 72 
1f, I 43 15.09 1.20 0.10 0.01 22 

44 17.47 1.57 0.14 0.03 17 I 
45 16.97 0.91 0.11 0.02 32 
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Population Mean height (cm) 
Standard error Mean canopy Standard error 

N 
(cm) Spread (cm) (cm) 

46 15.13 1.75 0.09 0.02 16 
47 23.63 2.15 0.23 0.03 19 
48 21.00 5.16 0.24 0.12 6 
49 65.33 19.36 1.16 0.42 3 
50 21.27 1.76 0.10 0.01 22 
51 36.89 5.92 0.38 0.14 18 
52 34.25 3.83 0.35 0.09 8 
53 31.13 4.52 0.34 0.11 8 
54 46.35 2.76 0.62 0.12 17 
55 48.25 16.72 0.61 0.33 4 
56 52.00 0.00 1.47 0.00 1 
57 30.37 2.66 0.33 0.07 19 
58 27.50 3.31 0.32 0.06 8 
59 41.10 3.17 0.55 0.11 29 
60 50.50 5.14 0.57 0.11 8 
61 53.50 4.60 0.55 0.08 10 
62 51.33 8.45 0.85 0.33 3 
63 33.46 3.91 0.25 0.05 13 
64 51.80 7.26 0.86 0.23 5 
65 33.80 4.83 0.26 0.07 5 
66 24.50 3.27 0.20 0.04 6 
67 30.50 7.50 0.20 0.08 2 
68 20.33 1.20 0.14 0.01 3 
69 44.00 12.00 0.35 0.27 2 
70 22.00 6.00 0.25 0.19 2 
71 38.14 6.28 0.59 0.29 7 
72 33.51 2.19 0.32 0.04 65 
73 21.67 1.45 0.16 0.04 6 
74 58.00 10.20 0.40 0.17 6 
75 90.00 20.34 1.72 0.83 4 
76 62.64 4.70 0.56 0.11 11 
77 60.50 48.50 0.57 0.50 2 
78 86.00 0.00 0.84 0.00 1 
79 81.75 11.43 0.72 0.15 4 
80 35.00 0.00 0.46 0.00 1 
81 114.63 12.36 1.90 0.33 8 
82 78.00 24.00 0.45 0.18 2 
83 80.95 8.59 0.71 0.10 20 
84 72.33 4.60 0.72 0.07 30 

t 85 30.00 3.92 0.27 0.10 4 
86 56.75 8.89 0.73 0.20 8 

iii' 87 32.86 4.31 0.30 0.13 7 
88 80.00 8.79 0.95 0.18 5 t 
89 42.00 0.00 0.30 0.00 1 

ii, 
90 77.00 14.94 0.68 0.16 4 

l 91 75.00 0.00 1.04 0.00 1 

i

1

II 92 60.67 8.95 1.10 0.47 3 
93 32.00 5.40 0.32 0.07 8 
94 33.64 5.05 0.42 0.12 28 ii!' 
95 37.57 12.56 0.58 0.25 7 

Iii 96 43.00 7.09 0.49 0.14 7 
97 45.67 9.35 0.68 0.28 3 
98 41.13 10.79 0.60 0.34 8 
99 21.67 4.33 0.24 0.08 3 
100 122.00 5.00 1.06 0.06 2 

i,I: 

11i 
,I 

r I' . 

i,"'1 
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Population Mean height (cm) 
Standard error Mean canopy 

(cm) Spread (cm) 

101 26.25 6.45 0.30 
102 21.00 0.00 0.09 
103 52.00 0.00 0.39 
104 34.00 3.09 0.37 
105 38.95 2.04 0.47 
106 42.59 2.56 0.60 
107 30.97 1.71 0.28 
108 51.75 3.79 0.81 
109 38.46 1.60 0.53 
110 28.54 2.28 0.28 
111 28.90 2.21 0.24 
112 37.69 2.30 0.45 
113 34.67 2.19 0.49 
114 32.66 2.74 0.40 
115 34.88 3.96 0.50 

Standard error 
N (cm) 

0.14 8 
0.00 1 
0.00 1 
0.06 24 
0.08 21 
0.09 37 
0.03 35 
0.12 24 
0.04 82 
0.05 28 
0.02 29 
0.05 64 
0.05 61 
0.06 59 
0.13 16 

110 

,, 

Ii' 
I 

!11', 

,I 
,: 

1i 

:11 i 
1,1 

if I 
'11:' I,' 
Ii; 

I 

r"1:: 
:,,1' 
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