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ABSTRACT

A direct gradient analysis was conducted on Mt Egmont, New Zealand,
firstly to examine quantitatively chanses in composition, physiognomy
and structure of the vegetation aleng the altitudinal gradient in order
to investigate the accepted notiens of vegetation zonation, and second-
ly to relate such an analysis to other Mew Zealand gradient analyses
and to the two views on vegetaticn description and analysis, the
continuum view and the discrete community (assaciation) view.

Vegetation data was collected at altitudinally defined sites on
five major ridges on Mt Egmont; North Egmont (Blundell's Track,

Ngatoro Track and the Razorback), York Road Track Ridge, Stratford
(Summit Road), Dawscn Falls (Summit Track), and Lake Dive Track Ridge.
The data collected on the York Read Track Ridge provided the basis

for describing altitudinal change while the remainder was used to
examing in detail the tree-shrub and shrub-tussock interfaces.

Sample size {quadrat and Tine transect) was determined after
minimal area checks to ensure that a representative combinatien of

ata from a total of sixty plots

=2

species was sampled at each site.
was collected and preliminary analysis,. inciuding graphing of the
major species distributions and calculation of similarity matrices

to compare quadrats, reveaied a tendency foward discentinuity in



species distributions. This allowed a classificatory rather than
ordinatory strateqy of data analysis to be followed. Cluster
analyses based on statistical tests of cpecies association were
used to determine "natural" groupings of positively associated
species and qualitative and quantitative classifications of sampies
were used to define vegetatich zones or groupings at specific
similarity index levels.

Tree~-shrub interfaces and tussock-shrub interfaces were compared
on the basis of species compliement, the degree of floristic,
physiognomic and structural discontinuity in the vegetation, and
differences in species interaction at each of the lccations.

The effects of data amatgamation, altitudinal interval employed,
altitudinal range encountered, and class ' ficatory versus ordinatory
techniques, on the conclusions drawn were examined.

Graphing of speciés distributions, cluster analyses, and classif-
ications supported in part previously described zonation patterns
but enabled a refinement of the generally accepted notions of vegeta-
tion zonation on Mt Egmont. 1In contrast to previous research the
vegetation zones identified have a quantitative and cbjective bLasis.

Comparison of the results with these of other New Zealand
gradient analyses enabled elucidation of several major species
distributions and species interacticns because of the unique species
complement found on Mt Egmont.

Comparison of different data collection and manipulation
techniques indicated that decisions made may cause data to conform to
one or other of the two major approaches {continuum or discrete
community types) to vegetation description and analysis

The study of the tree-shrub interfaces and shrub-tussock inter-

faces showed tnat the vegetation on Mt Egmont exhibits a spectrum of

species distributiens ranging from continua through to discontinuities



v
at different Tocations and specific examples of each are described.
possible explanations advanced include differences in species
complement and species interaction, the non-equivalence of the

altitudinal gradient at different Tocations, and differences in

[

environmental factors incliuding slope and aspect.



ACKNOWLEDGEMENTS

The many contributions made to this study are gratefully

acknowledged and in particular thanks are due to:

1.

For assistance in field

Mr W. Bayfield
Mr H.J. Clarkson
Mr I.G. Clarkson
Mr W.M. Clarkson
Dr A.S. Edmonds
My M. Fitzpatrick
Mr K.P. Pomeroy
Mr G.A. Spiers

My R.H. Vosselor

For permission to collect data
Egment National Park Board
For typing

Mrs S. Edmonds
Ms G. Ericksen
Mrs E.M. Clarkson

For accomodation relating to fieléwork

Mr H.J. Clarkson
Mr and Mrs W.P. Clarkson
Mr and Mrs K.P. Pomeroy

For draughting advice and Figure 2
My J.A. Wheeler
For collating and proof reading

Mr D. Porter
Mr W. Rayfield
Miss M. Waters



vi

Special thanks must go to: the Geography staff and graduates
for making room for an ‘outsider'; to Ken and Jean, Martin and
Robyn for friendship at an important time; to my parents for their
help and for the 1958 Christmas present Laing R.M. and Blackwell

E.K. Plents of New Zealand; and finally to B A.S. Edmonds for

his excellent supervision, assistance in the field, and continual

optimism.

I have a Tove, scented of musk Cassinia.
She is constant in presence yet everchanging in state.
On her green braid Timbs sculpted by tinkling crystal,
there is an upthrust of life.
Smooth and simple pointed shell becomes diverse,
textured, slotted amongst retatives, computer controlled?
Her oscillating cape covers, freezes, thaws but gives
a purity of colour, shape to contrast with the

clouded sky...

(1964)




TABLE OF CONTENTS

ABSTRACT .
ACKNOWLEDGEMENTS
LIST OF TABLES-
LIST OF FIGURES
Chapter 1. INTRODUCTION
Thesis organisation -

Chapter 2. THE VEGETATION OF MT EGMONT: REVIEW OF THE
LITERATURE

Chapter 3. DIRECT GRADIENT ANALYSIS

The development of Gradient Analysis
Recent contributions to Direct Gradient Analysis
New Zealand Altitudinal Gradient Analysis

Chapter 4. METHODS

Data Collection

Sampling Procedure: an outline

Sample size: a Jjustification

The use of the Importance Value {I.V.)

Altitude as an indicator of the environmental
gradient

Chapter 5. SITE DESCRIPTION OF THE YORK ROAD TRACK RIDGE

Chapter 6. RESULTS AND ANALYSIS

York Road Track Ridge Species Distributions
Canopy Species >50 Importance Valiue
Canopy Species <50 >20 Impertance Value
Canopy Species <20 Importance Value
Species with Timited distributions
Subcanopy and Shrubs 25 percent Relative Density
Ground Cover > 25 percent Relative Density
York Read Track Ridge Canepy Species Correlation
The use of the Linear Regression Medel for
testing Species Association.

s
e (D



Chapter 6.

(continued)

Canopy Species Correlation; Pearsons Product
Moment Correlation Coefficient (unmodified
data)
Canopy Species Correlation: Pearsons Product
Moment Correlation (natural Togarithmic
transformation)
Canopy Species Correlation: Spearmans Rank
" Correlation Coefficient.
York Road Track Ridge Species Physiognomy
Total Canopy Cover and Maximum Canopy Height
Total Ground Cover
Tree-Shrub Interface
Lake Dive Track Ridge
York Road Track Ridge
Dawson Falls
North Egmont
Physiognomy and Structure
Tree-Shrub Interface: Grouped Data
Stratford Canopy Species distributions
Shrub-Tussock Interface
Canopy (top stratum) Physiognomy and Structure

York Road Track Ridge Quadrat Classificaticn
Classification versus Ordination
The Choice of & Similarity Index
The Choice of a Classification Technique
Canopy Quantitative Classification
Ground Cover Qualitative Classification -
Subcanopy, Shrubs and Epiphytes Qualitative
Classification

Chapter 7. DISCUSSION

APPENDICES

1.

York Road Track Ridge. Species encountered in
Canopy (Top Stratum) quadrats

York Road Track Ridge. Canopy speciss correlation.
(Pearson's Product Mowment Correlation Ceefficient)
York Road Track Ridge. Canopy species Correlation
(Pearson's Product Moment Correlation Coefficient)

viii

Page

82

87

89
91
¢1
96
97
100
103
104
105
110
118
125
132
137

184

186



APPENDICES  (Continued)

Page

4. York Road Track Ridge. Canopy Species Correlation.

Spearman's Rank Correlation Coefficient 188
5.  Similarity Matrix (Sorensen's Similtarity Index).

York Road Track Ridge. Canopy Quantitative. 191
6. Simitarity Matrix (Sorensen's Similarity Index).

York Road Track Ridge. Ground Cover Qualitative 192
7. Similarity Matrix (Sorensen's Similarity Index).

York Road Track Ridge. Subcanopy, Shrubs and

Epiphytes Qualitative 193
8.  Cancpy Species present in Tree-Shrub Interface

Quadrats 194

REFERENCES  CITED 195



Table

7.
8.
o
10.
il.

12.
13.
14.

15.

16.

17.

18.

19.

20.
21,

LIST OF TABLES

Average length of time of snow cover and corresponding
vegetation betts (after Cockayne 1928)

Sequence of Terrace Formation N.E. Egment
after Wilson (1961). . . . .

Comparison of New Zealanhd Direct Gradient Analyses
Minimal Area Checks: Relative Density of given species
as a function of quadrat size or tine transect lenoth .
Summary of Vegetation Date recorded at each site .
Relative Cover and Relative Basal Area for Podocarpus .

hallii and Griselinia Tittoralis on the York Road
Track Ridge

Location and Description of York Road Track Samples
Species <5 Importance Value or single occurrence
Tree~Shrub Interface  Quadrat Environmental Data.

Tree-Shrub Interface  Quadrat Altitude . .
Tree~Scrub Interface: Similarity Indices between
adjacent quadrats for Lake Dive and Grouped Data . .

Location and description of Stratford quadrat data
Shrub-Tussock Interface: Quadrat Data :
York Road Track Ridge Canopy Quantitative C1aJs1n1ca«
tion Similarity Level 50 percent. . . .

York Road Track Ridge Canopy Quantitative Classifica-
tion Simitarity Level 40 percent :
York Road Track Ridge Ground Cover Qualitative Classif-
ication  Similarity Level 50 percent

York Road Track Ridge Ground Cover Qualitative
Classification Similarity Level 40 percent

York Road Track Ridge  Subcanopy, Shrubs, and
Epiphytes Qualitative Classification

Simitarity Level 50 percent

York Road Track Ridge Subcgnopyz‘Shrgbs, and
Epiphytes Qualitative Classification

Similarity Level 40 percent .

New Zealand Gradient Analyses: Comparison of Tree Line
Divect Gradient Analyses:  Summary of Conciusions

Page

49
sk

57
62
73
100
101
120

126

b7
’“\L(‘)
186
57
161
162

171
177



Figure

S ow N

D O

10.

1la.
11b.
12.

13.

14,

15.
16.
17.
18.
19,
20.
21.
22.
23.
24.

25.26
27.
28.2¢

LIST OF FIGURES

‘ Page
Location of Sempile Sites : : . 4
Mount Egmont Vegetation Zones proposed 1867-1965. 5
Location of N.Z. Gradient Analyses . 35
Minimal Area Check. Shrub-Tussock. York Road Track
Ridge 1,325m : 50
Minimal Area Check. Forest Dawson Falls 935m 51
Minimal Area Check. Herbfield York Road Track
Ridge 2,0596m 52
York Roed Track Ridge 64
York Road Track Ridge: Canopy Species (Importance
Value >50) . . . . 68
York Road Track Ridge: Canopy Species (Importance
Value >20 <50) . . . ; 78
York Road Track Ridge: Canopy Species (Importance
Value <20) . . . . . 70
York Road Track Ridge: Subcanopy 75
York Road Track Ridge: Shrubs . . 76
York Road Track Ridge: Ground Cover Species > 25%
Relative Cover. . 78
York Road Track Ridge: Canopy Species Correlation
(Pearson's Product Moment Correlation Coefficient) 84
York Road Track Ridge: Canopy Species Correlation
(Pearson's Product Moment Cerrelation Coefficient
Logarithmic Transformation) 88
York Road Track Ridge: % cover, maximum cancpy height. 92
North Egmont Tree-Shrub Interface 98
York Road Track Ridge: Tree-Shrub Interface 98
Dawson Falls: Tree-Shrub Interface .- . . 99
Leke Wive: Tree-Shrub Interface 99
Canopy Height / altitude 111
Tree-Shrub Interface. Number of Individuals / Altitude 111
Tree-Shrub Interface. Physiognomy 113
North Egmont Vegetation Stratification 114
Tree-Shrub Interface Similerity Indices between
Adjacent Quadrats . . . 121
Tree-Shrub Interface Grouped Data . . ; 123-124
Stratford Canopy: Percentage Point Cover 127
Shrub-Tussock Interface . 133



xii

Figure Page

30. York Road Track Ridge. Similarity Indices between

Adjacent Quadrats. . . . . . . 142
31. Canopy Quantitative Classification . ; . . 145
32.  York Road Track Ridge: Canopy Quantitative Similarity

Level 50 percent . ; . . : . 146
33.  York Road Track Ridge: Canopy Quantitative Similarity

Level 40 percent . . . 146
34. Ground Cover Quatitative Classification . . . 151
35. York Road Track Ridge Ground Cover Qualitative

Simitarity Level 50 percent . . . s ; 152
36. York Road Track Ridge Greund Cover Qualitative

Similarity Level 40 percent . . . ; ‘ 152
37.  Subcanopy, Shrubs, and Epiphytes Qualitative

Classification . : s . . . . 158

38.  York Road Track Ridge. Subcanopy, Shrubs, and
Epiphytes Qualitative Similarity 50 parcent . . 159

39. York Road Track Ridge. Subcanopy, Shyrubs, and
Epiphytes Qualitative Similarity 40 percent & g 159

40.  New Zealand Gradient Analyses  Comparison of Tree-line 170

41. Selected N.Z. Gradient Analyses. Major Species
Altitudinal Distributions s - %

42.  Major Species Altitudinal Ristribution
(Mt Ruapehu Gibbs 1966.) . ; : : . 175

172



Chapter 1

INTRODUCTION

The aim of this research is twe-fold:-~ firstly an attempt
has been made to examine quantitatively the changes in composition,
physiognomy, and structure of the vegetation between 2,600ft (792m)
and 6,100ft (1,858m) in order to confirm or refute the accepted
notions of zonation pattern on Mt Egmant of Buchanan (1869),
Cockayne (1928), Mason (1951), Schweinfurth {1262), Wilson (1961),
Druce (1964, 1966, 1974). and George (1987); secondly an attempt
has been made to examine the much wider implications of such an
analysis in relation to the two major schools of thought with regard
to vegetation analysis: the continuum school and the discrete
community (asscciation) school. Whittaker (1970) presents four
distinct hypotheses which may be applied to the second part of this
research.
1. Competing species, including dominant plants, exclude one
another along sharp boundaries. Other species evolve toward close
association with the dominants and toward adaptation for Tiving
with one another, and giving way at a sharp boundary to another
assemblage of species adapted tc one another.
2. Competing species exclude one another along sharp boundaries,
but do not become organised into groups with parallel distributions.
3. Competition does net, Tor the most part, result in sharp
boundaries between species populations. Evolution of species

towaras acaptation te one ancther will, however, result in the



appearance of groups of species with similar distributions.

4, Competition does not usually produce sharp boundaries between
species populations, and evolution of species in relation to one
another does not produce well defined groups of species with similar
distributions. Centres and boundaries of species populations are
scattered along the environmental gradient.

These four hypotheses represent the range of possibilities
from individualistic species distribution through to distinct
species assemblages or communities so that an analysis of the data
in order to test these hypotheses should provide further evidence
for or against the major schools of thought in vegetation analysis.

Thesis organisation

The Titerature relevant to this study of vegetational change
along an altitudinal gradient on Mt Egmont can be subdivided into
four main categories. First, there are the studies of Mt Egmont's
vegetation Tisted above which are reviewed in Chapter 2. Second,
there are the original gradient analyses and particularly the work
of Wnittaker (1956, 1967) which played a major role in the develop-
ment of the more recent continuum school of thought in vegetation
description and analysis. Third, there are the more recent
altitudinal gradient analyses which add new dimensions and directions
to Whittaker's original work notably Beals (195%), and Reeder and
Reichert (1%75). Finally, there are the New-Zealand based altitud-
inal gradient analyses in the main carried out in the south of the
South IsTand and which provide useful comparisons with the results
described in the present study. A1l of these direct gradient
analyses are reviewed in Chapter 3. Chapter 4 describes and
Justifies the methods of data collection employed in the present
study. Chapter 5 consists of the site description for the York

Road Track Ridge the major sampling iecation. Chapter & describes,



discusses, and compares the results and analyses of the vegetation
data collected at York Road Track Ridge, Stratford, North Egmont,
Lake Dive Track Ridge, and Dawson Falls. Chapter 7, the final
chapter, is a discussion and conclusion based on the results and
analyses of the present study, their comparison with the literature
reviewed in Chapters 2 and 3, which attempts to relate directly

back te the research aims described in Chapter 1.
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Chapter 2°

THE VEGETATION OF MOUNT EGMONT: REVIEYW OF THE LITERATURE

Zones or belts of vegetation have long been recegnised on
Mt Egmont although their delimitation in terms of altitude and
species composition has varied from author to author. In the major-
ity of cases the difference can be attributed to the length of time
available to each for field study and the fact that many explored
small sections of the mountain only. The various delimitations of
zones or belts of vegetation on Mt Egmont are summarised in histor-
ical sequence on Figures 2a - 2g along with aititudinal 1imits
and major canopy species where possible. As is to be expected some
of the species identification of the earlier researchers on
Mt Egmont have subsequently proved inaccurate. For simplicity the
known inaccuracies have been corrected in this review with either
the correct species name or left with the genus name only where
necessary. A.P. Druce's unpublished checklist of the higher plants
of Mt Egmont and in particular the section entitled "Douetful and
Erroneous Records not included in the Main List" p.50-54 ferms
the basis for these corrections. Metric altitudinal equivalents
have also been inciuded where necessary.

Buchanan (1869) concentrated mainly on providing a Tist of
species collected on Mt Eemont with particuiar reference to the
altitude at which the species were found. He did howaver describe
two major vegetation catecgories: the bush (up to 3,5007t (1,066m)),
and an open shrubby vegion (at 3,500ft (1,066m)}). The tree

species listed as being most common included Weinmannia racemosa,




Metrosideros robusta Podocarpus totara, Knightia excelsa, Dysoxylum

_spectabile, Podocarpus ferrugineus, Melicytus ramiflorus, Aristot-

elia serrata, Pseudowintera colorata, and Schefflera digitata. In

the open shrubby area Buchanan Tisted the most prominent plants as

being Libocedrus bidwillii, Senecio elaeagnifolius, and Qlearia

arborescens while other common species included Pseudopanax simplex

var.sinclairii, Coprosma spp., Coriaria spp., Pittosporum tenuifol-

jum, and Dracophyllum filifolium. Although not emphasising zonation

Buchanan Tisted the species common above the shrubby region and up

to 5,000" (1,523m} as Ranunculus nivicola, OQurisia macrophylla,

Epilobium gilabellum, Epilobium nunmularifolium, Euphrasia cuneata,

Celmisia glandulosa var. latifolia, Celmisia gracilenta, Forstera

bidwillii var. densifolia, and Drapetes dieffenbachii. Finally,

came the highest vegetation 6,500' (1,980m), consisting of a few

scattered plants of Claytonia australasica, Anisotome aromatica,

Helichrysum sp., Wahlenbergia B#@W&&a, and Poa spp. Buchanan's

description resulted from an approach via the Pouakai Ranges,
Ahukakawa Swamp, and then an ascent to approximately 6,500"' (1,980m)
on the west face of Egmont. The reason for this route of ascent

“by the side facing West, as offering a more varied vegetation"
(Buchanan 1869, 57) is interesting in light of the present day
knowledge of geological history that is the effect of recent debris
flows on the vegetation compositicn.

Cockayne (1928) in Section 111. "The Vegetation of the High
Mountains" describes several aspects of Egment's vegetation in
terms of a classification of plant communities. Chapter 1 General
Remarks includes a section on Vertical Distribution (the belts of
vegetation) in which Cockayne describes what he considered to be the

major causal facters for zonation.



"A1T important.is the average winter snow-line above which the
ground for some nonths is covered continuously with snow. Below
this line the covering is not continuous, though at intervals more
or less snow Ties on the ground throughout winter." (Cockayne, 1928,
226.)

Given this as the major causal factor Cockayne recogrised how
edaphic conditions, change of latitude, and moisture availability
complicates the vertical distributien in such a way as to make it
impossible to suppiy definite heights for the belts of vegetation.

A general classification in terms of length of time of snow cover

is however provided by Cockayne and is summarised in Table 1 below:

Table 1.

“Average length of time of snow cover and corresponding vegetation
beits (after Cockayne 1928)

VEGETATION BELT LENGTH OF SNOW COVER

Alpine Belt Max. winter snow cover to perpetual snow-
fields

Upper Subalpine lesser period than above

Lower Subalipine : no continuous cover greater than 1-2 weeks

Mentane snow 2-3 days/year

Lowland 0-2 days/year

Before actually preceeding to describe and classify the plant
communities in relation to the broad vegetation belts already
summarised, and with respect to major species, physiognomy and
climatic and edaphic factors Cockayne stated an important reservation:
"the distinction between lowland (in some Tocalities) mentane and
subalpine forest is arbitrary, all grading into one another and
possessing many species in common." {(Cockayne, 1928, 254.)

This statement seems very important in light of the more recent
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approaches to vegetation description and analysis however,Cockayne
went on o say:

"Nevertheless in proceeding from the lowlands to the timber
Tine, well marked belts of vegetation are encountered, the true
Towland species according to Tatitude and aspect, going out at
certain altitudes and being replaced by those of the high mountains;
also there are purely high mountain associeations". (Cockayne,

1928, 254.)

Vegetation communities are then defined and described including
several from Mt Egmont under the categories Subtropical Rain
Forest and allied communities, Shrub-compesite Scrub, Mixed
comnunities:- Rock, Scoria, Fellfield of the wet mountains, North
Island Dry Herbfield and Tall Tussock Herbfield.

In the category Subtropical Rain Forest Cockayne described
two groups of associations found on Egmont the first a (Kamahi)
W. racemasa group and the second a (Southérﬂ Keikawaka - totera)

L. bidwillii - P. hallii group. A W. racemesa (Goblin Forest)

association was described as occurring as a distinct belt from the
neighbourhood of Dawson Falls to the North Egmont House and probably
extending right around the mountain. The main species included

at first some comparatively low statured trees of Dacrydium cupress-

inum giving way to W. racemosa decreased in stature and much
branched. Important small trees and shrubs Tisted were Griselinia

littoralis, Fuchsia excorticata, Pseudowintera colorata, Carpodetus

serratus, Coprosma pavrviflora, and Coprosma tenuifolia. Important

ground cover species listed were Blechnum capense, B.fluviatile,

Polystichum vestitum, Uncinia banksii, and Astelia nervosa.

Podocarpus hallii entered the association at higher altitudes

becoming equivalent to that in which Libocedrus was present and gave

way to subalpine scrub.
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A Libocedrus - Podocarpus association was described with

reference to an area in the vicinity of the North mountain-house
not extending to the Stratford house. Cockayne described the
dominant species at approximately 900m as P. hallii (in abundance)

giving way to L. bidwillii (soon becoming dowinant) with W. racemosa

and G. Tittoralis also abundant. Common shrubs Tisted include

P. colorata, C. serretus, A. serrata, Melicytus Tanceolatus,

F. excorticata, P. simplex var. sinclairii, Pseudopanax colensoi,

Myrsine divaricata, Hebe stricta, Coprosma australis, C. tenuifolia,

C. parviflore, C. pseudocuneata, and S. elasagnifolius, P. colorata

and A. nervosa wera listed as important in the undergrowth and
forest floor respectively.

The Shrub-composite Scrub community was described as commencing
‘at about ®%0m and giving out at about 1,240m. The dominant

species included S. elaeagnifolius and/or D. filifolium with other

principal specics being P. hallii, Carmicheelia sp., P. colensoi,

P. simnlex var. sinclairii, G. littoralis, M. divaricata, H. stricta
p 3 b] 3 9

C. tenuifolia, C. pseudocuneata, C. parvifiora, 0. arborescens,

and Cassinia vauvilliersii.

Under the heading Mixed communities Cockayne described the
major species for Herbfield, Fellfield, Scoria slopes and Rock
communities. The Herbfield communities included the Tall Tussock-
herbfield and the Dry Herbfield, the former dominated by Chioncchloa

rubra and interspersed with Hymenophyllum multifidium, Lycopodium

fastigiatum, Notodanthonia setifclia, A. arcomatica, Caultheria

depressa, F. bidwillii var. densifolia, C. major, C. alandulosa

var. latifclia, Rauolia glshra, Helichrysum sp., Cotula snualida,

0. macrophylla, and R. nivicela. Shrubs of Tow stature listed were

D. filifolium, C. vauvilliersii, and Hebe odora. Tall Tussock-

herbfield was described as "occupying the slopes whereas the
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herbfield proper was confined to the gullies, the controlling
factor as to which kind of herbfield shall occhy the ground being
the length of time this is covered by the winter snow, the tall
tussock-herbfield being for Tonger free from snow." (Cockayne, 1928,
317.) Cockayne also noted the usage of the term Moss association

by the settlers because of the large white hummocks of Rhacomitrium

spp. Similar species were designated as important for both fell-
field and scoria communities the former occurring at lower altitudes
and with altitudinal increase becoming mere open until the scoria

slopes were only dotted with plants. Inciuded were Luzula colensoi,

C. australasica, Gentiana bellidifolia, A. aromatica ,Poa colensoi,

and Gaultheria sp. for scoria communities and with the addition. of

Epilobium glabellum var. erubescens for fellfield communities.

Rock community species of importance listed were N. setifolia,

P. colensoi, A. aromatica, Gaultheria sp., Helichrysum sp.,

Coprosma pumila, Pentachondra pumila, D. dieffenbachii, F. bidwillii,

and C. glandulosa var. latifolia.

Mason (1951) began by stating that Mt Egmont offers the most
perfect example in New Zealand of an altitudinal zonation of
vegetation. His opening paragraph confivms a discrete community
standpoint.

"The following belts, governed primarily by temperature are
often remarkably sharply separated from one another - often the
transition from one to another is effected within the distance of
less than fifty yards. Within a square mile may be seen a dozen
distinct and very interesting plant communities." (Mason, 1951,23.)

The altitudinatl zonation then adopted by Mason is summarized
on Fig. ?c and is essentially the same as Cockayne's although several

of the titles applied differ as do the altitudinal Timits Tisted.
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Mason termed the forest between 3,000ft (914m) and 3,800ft (1,157m)

subantarctic in direct contradiction to Cockayne's original
classification of New Zealand forests. The Shrub-composite Scrub
- of Cockayne is termed Boundary scrub and Zotov's (1938) major
categories Cold Temperate Belt and Warm Subpolar Belt are used.
No species additional to those cited by Cockayne are included

by Mascn in fact the species lists are less detailed.

Wilson (1961) in an unpublished thesis titled "The Vegetation
of Mount Egmont: an ecological study of the subpolar vegetation"
repeated Mason's (1951) claim of Egmont providing a near perfect
example of altitudinal zonation but adapted Cockayne's (1928) and
Druce's (1961) classificatien of mountain vegetation to name the
altituadinal zones. This classification is summarised on Fig. 2d.
‘The Forest Zone between 3,000Ft (914m) and 3,800ft (1,157m) thus
becomes the Cold Temperate Podocavrp-cedar-dicotylous Forest with
Cotd Tempevate Composite Scrub between 3,800t (1,157m) and 4,2007t
(1.279m) and Cold Temperate Shrub-tussock between 4,200t {1,279m)
and 4,800t (1,462m). AT11 the other titles are recognisable in
the previously mentioned classifications. Wilson's species Tists
for altitudinal zones are for the most part less detaiied than even
Mason's however the purpose of the thesis was a more -detailed study
of the subpolar vegetation and it is in this section that Wilson's
work coverad some new ground. Under the headings Subpolar Scree
Fields, Subpolar Fellfieid, Rock and Scree, Subpolar Tussock
Field and Alpine Bog the important species were discussed. Field
work was based on the Eastern slopes of Egmont for the first three
categories and the Pouakatl Ranges for the Tast two. Relative

importance of species was indicated using a rating system and
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descriptions of scree colonisation and species adaptations included.
The species lists are essentially the same as Cockayne's with the

addition of Colobanthus sp. in rock and scree communities and Bryum

in Moss and herbfields. Wilson's work on the colonisation

SPes
of the scree fields on Mt Egmont is unique. The sequence of
tervace formation described from N.E. Egmont (Tahurangi) is

summarised on Table 2.

Table 2

S

equence of Terrace Formation N.E. Egmont after Wilson (1961)

Initial obstruction or slowing down of moving scree.

Establishment in greater numbers of E. ¢lebellum andcaustralasica.

Changing substrate conditions leading to establishment of

Colobanthus, Luzula, and Poa in the sheiter of established plants.

Accumulation of moving fine scoria behind ctumps of Colebanthus -

the first sembiance of a terrace.

(Sx]

Establishment of further clumps of Colobanthus and associated
. + .

plants 4-6" Tower down and in angle - 30% and their eventual

coalescence at the tongue of the scree siope.

6. Colonisation by Helichrysum sp., and Drapetes dieffenbachii

together with terrace forming plants of the stabilized areas
in and between the advancing 1ine of terraces, and the edge of
the former moving scree slope.

7. Establishment of further terraces as the marginal terraces
coalesce and scree stebilizes higher up.

¢. Colonisation by plants of the moss~herbfield - Gaultheria sp.,

and Coprosma pumila and Rhacomitrium spp. with a corresponding

drop in Colobanthus and Luzula representation.

Atong with the sequence of scree colenisation Wilson described

the growth forms of the sub polar spacies noting their adaptations
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to the extreme environmental conditions and the way the community

was stratified both above and below ground in terms of aerial
parts and root systems enabling what he termed a communal sharing
of the available environmental conditions.

Schweinfurth (1962) writing in a paper entitled "Mt Egmont
Taranaki and a contribution to the study of the vertical arrangement
of the vegetation" cdncentrated on describing the change in species
composition and physiognomy on the Stratford and Dawson Falls
approaches to Egmont. Proceeding in terms of an ascent from the
forest edge to higher altitudes he identified zones of vegetation
summarised on Fig. 2c along with their altitudinal Timits. Overall
the boundaries recognised are at Tittle variance with those of
Cockayne and some of the species lists are quoted directly, for
example, that of the scrub level. Schweinfurth's main contribution
was twofold : firstly his observations regarding the physiognomy
of the canopy species, and secondly comments regarding Egmont's
vegetational relationships with the South-West Pacific. Supporting
the discussion with height/diameter measures he described the ways

in which W. racemopsa and L. bidwillii in particular are affected

by exposure to wind. Tree species tend to become more huddled with

a denser canopy - locking together which "seen from a greater
height... appears as a dense continuous "defensive front"... when
a tree stands in isolation of the edge of the forest it develops

a typical calotte-shaped crown." (Schweinfurth, 1962, 7-8.)
Schweinfurth pointed to the need to consider the patterns exemplified
on Egmont in light of the major patterns of variation Tatitudinally
and with regard to the range and numser of species present on

Egmont. As noted Mt Egmont is the last Tocation of sufficient
altitude Lefore the trepics which enables contrasts or comparisons

to be drawn. Both floristicallyand physiognomically Schweinfurth
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described similarities apparent when cemparing the vegetation of

Mt Eemont with that of Tasmania and the humid tropics. The approach
of definiig vegetation greupings associated with particular
altitudes is similar to that of the previously mentioned authors,
however, Tike Cecckayne, indications that the vegetation was not
necessarily viewed as discrete zones are apparent: "the eastern
slope of Egmont offers ample oppertunity of studying the continuously
changing transition between mountain forest and shrub helt."
(Schweinfurth, 1962, 14.)

Druce (1964) in the Egmont National Park kHandbook makes the
first attempt to give a quantitative basis to the changes in species
distribution with altitude. Following a nomenclature of zones
similar to the otheyr authors with major groupings ef Lower Forest,
Upper Forest, Scrub, Tussock, Mossy Herbfield, and Alpirne region
Druce drew attention to the fact that species change gradually
in representation from one zone to anether. Fgcusing on the
Stratford approach route he described this change in species
representation giving some quantitative (relative cover) values to
illustrate the changes. 1In summary Druce described a Tower forest

composed of Metrosideros robusta and Dacrydium cupressinum (no more

than one eighth cover) with smaller trees mosily Keinmannia racemosa

and Meiicytus ramiflorus making up by far the greater part of the

cover. With iricrease in altitude Metrosideros and Dacrydium give

way until onlty the second tier trees (smaller trees above) are
left with W. racemosa outnumbering any other. Further increase in

altitude sees the appearance of Podocarpus haliii in the canopy

2,750" (837m) and the Weinmannia 66 per cent of the forest at this
altitude decreases rapidly. Emergent P. hallii and L. bidwillii were

described as making up the upper forest zone with the smaller trees
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between mainly G. littoralis, F. excorticata, and P. colensoi.

The forest does not suddenly give way to scrub in the next zone;

the kaikawaka (L. bidwillii), totara (P. hallii), broadleaf

(G. Titteralis), and fuchsia (F. excorticata) all decrease gradually.

In their place grow koromiko (H. stricta), leatherwood (S. elaeagni-

folius)s and increased numbers of mountain fivefinger (P. colensoi
TO1TYS/ s g

which together form a dense cover, six or more feet high and
deceptively smooth tooking on top." (Druce, 1964, 42-43.)

By 4,000"' (1,218m) Senecio elaecagnifelius reaches its maximum

(66 per cent) cover decreasing above this altitude with H. stricta,

C. pseudocuneata, C. vauvilliersii, and D. filifolium becoming

prominent. The shrubs give way in turn to C. rubra and herbs with

scattered shrubs of H. odora and C. vauvilliersii remaining.

“The area occupied by herbs increases with altitude till at
5,000° (1,523m) (on a north face) it is much greater than that
covered by tussock (C. rubra) and koromiko (H. odora) is the only
shrub left. Above this altitude (tewer on a south face) there
comes the zone of mossy herbfield. The short cempact turf is composed

for the most part of mountain daisies (Celmisia spp.) forstera

(F. bidwillii var. densifolia) anisotome (A. aromatica), creeping

coprosma (C. pumila), everlasting daisy (H. bellidiodes), snowberry

(G. depressa) and patches of two conspicuous mosses Rhacomitrium spp.

Beyond 5,500' (1,6 75m) (much Tower in places} there is no longer
a continuous cover of plants; from a distance the mountain sides
appear practically bare but mosses, lichens and more than thirty
different kinds of flowering plants many of them abundant, still
grow on the debris slopes, cliffs and steep Tava flows." (Druce,
1964, 43-44.)

Druce noted that the number of flowering plants present is

halved by 6,500" (1,980m), reduced to ten species by 7,500' (2,285m),
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and only one species (Colobanthus) remains near the summit. Perhaps

the key statement is made in Druce's summing up of the overall
vegetation pattern.

"Now that we have completed our general Took at the sequence
of vegetation up the mountains, it is not difficult to see how
each species making up the cover has its greatest expression at a
particular altitude, above and below which it fades away, sometimes
quickly, sometimes gradually. This gives the vegetation a large
measure of continuity without any sudden changes." (Druce, 1964,
44-45.) Along with this emphasis on continuity of change up the
mountain Druce also drew attention to the fact that the pattern
around the mountain either abrupt or gradual depends mainly on
slope, aspect, and exposure of Tand and on the history of
catasrophes including eruptions, deluges, gales, and fire factors.

The effects of volcanic activity on species composition and
regeneration are also noted in Druce (1966) and 1in summary there
are two major effects described. Firstly some of the canopy species

still present have heen structurally

fected by past eruptions for
example L. bidwillii with short boles and lateral branching.
Secondly the species compositiorn in many locations may reflect
recent ash and pumice showers for example the replacement of
W. racemosa in locations partially destroyed by eruption and with
subsequentiy increased fertility resulting from the "topdressing

p

of ash." Druce described sites near Dawson Falls with Kanuka

(Leptospermum ericoides) and Fuschia (F. excorticata) in the

canopy as indicating the formation of numerous gaps ih the canopy
following eruption and the subsecuent establishment of these species
in the well T4t sites. Druce also pointed to the fact that the

species regenaration today is not the same as it was,citing the
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Jack of replacements for rimu (D. cup ressinum) in the last 300 to

400 years. Thus long term changes as well as the more recent ones
resulting from the introduction of noxious animals, namely goats
and oppossums, are changing the vegetation cemposition. Goat
browsing is described by Druce as depieting the undergrowth causing

degradation te lower types such as Uncinia spp., Microlaena avenacea,

Coprosma spp., P. colorata, M. salicina, C. smithii, and Histiopteris

incisa. Oppossums on-the other hand were veported as causing

serious but less extensive damage to species such as D. spectabile,

W. racemosa, F. excorticata, A. serrata, Pseudopanax spp. and

Senecio elaesagnifolius.

Overail, Druce (1964, 1966) provided a much more detailed look
at the facters affecting vegetation on Mt Egmont and in #eccgnising
zones or belts of vegetation emphasised continuity and provided some
guantitative cover values for the major species in the zones
deTineated. As well, he raised the notion of regarding Egmont's
flora as an istand one in that its isclation has resulted in a
unieue species complement lacking particularly in mountain species
and containing a relatively high proportion of endemics.

George (1965), in an article entitled "Egmont - The Vegetation
Belts", follows the stated intention of detailing the various
vegetation belts from approximately 1,500t (457m) above sea level
to the summit of the mountain. They appear summarised in Fig 2g.
Once again the belts idantified approximate those already described
and there are no additions to the species already listed. In fact.
George states that much of his information is based on an address
given by Mason and as such has already been described in this

review.
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Druce (1974) writing in the Auckland Botanical Newsletter
expanded his earlier comments regarding Mt Egmont's unique species
complement and also indicated the problems apparent in naming some

of the species complexes found on Mt Egment. Druce cenciuded that

X

although Tacking in a number of plants Mt Egmont's tetal species

P

complement was still underestimated by earlier workers including
Buchanan (1869), Thomson (1917), and Cockayne (1628). Cemparison
of species absences with the total number of species known to occur
in the North Island reveals that the absences are nct evenly
distributed within plant groups for example "two thirds of the
tianes, ferns, and rushes are present, but only about one third of
the shrubs. For most other groups (trees, orchids, grasses, sedges,
dicot herbs) the fraction is about half." (Wruce, 1974, 2.) Druce
also comments that while five species appear to be endemic it is
only a matter of time before some or all of these species are found
elsewhere. The tussock and herbfield communities exhibit the

most species absences with many of the approximately 300 "missing
plants" (defined by Druce as plants found in the central North
Island at the same latitude as Mt Egmont) absent from these
comnunities. Reasons cited for the initial underestimate of Mt
Egmont's total species complement include the possibility that
workers conicentrated on the summit cone taking 1ittle notice of

the forest and the fact that many of the piants are very locally

distributed for example Hoheria glabrata, Podocarpus nivalis and

Coprosma colensoi. Two species complexes neted by Druce as

presenting nomenclature problems are the Carmichaelia arborea

group. The problems centre on deciding whether species growing on
Mt Egmont ave comparable with species found elsewhere, that is,

separating habitat variations from species veriatiens. Forster
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Bidwillii var. densifolia for example is cited by Druce as a species

variety which could merely be a habitat form.



Chapter 3

DIRECT GRADIENT ANALYSIS

The Development of Gradient Analysis

The term gradient analysis was originalily applied by Whittaker
(1951) to the method of vegetation analysis in which "vegetation
samples are arranged and studied according to known magnitudes of (or
indexes of position along) an environmental gradient which is accept-
ed as a basis of the study". (Whittaker, 1967, 209.) This approach
was later termed direct gradient analysis to distinguish it from the
complementary approach, indirect gradient analysis, in which "vegetat-
ion samples are compared with one another in terms of degrees of difT-
erence in species composition and on the basis of these degrees of
difference are arranged along axes of variation. The axis may or may
not correspond to environmental gradients; hut if they do correspond,
the approach to environmental gradients is indirect or inferential".
(Whittaker, 1967, 209.) The earlier gradient analyses of Whittaker
(1948, 1956}, Curtis and McIntosh (1951), Curtis (1955), Curtis (1959),
Brown and Curtis (1952), and Bray and Curtis (1857), fall into both
categories of direct and indirect gradient analysis. Whittaker's
work was primarily direct gradient analysis while that of Curtis
and his associates (the School of Wisconsin} was indirect gradient
analysis. Both these approaches developed during the same time period
as did work by Ellenberg in Germany (1948, 1950, 1952) and gave
convergent results, namely the emphasis on vegetation continiuity,

binominal or Gaussian distributions of species populations, and
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individualistic species distributions. It is important to remember
that these results had been embodied much earlier in Gleason's 1926
paper "The individualistic concept of plant association" particularly
the two central ideas restated by Whittaker (1967) as:

"1, The principle of species individuality ~ each species is distrib-
uted in relation to the total range of envirenmental factors (includ-
ing effects of other species) it encounters according to its own

genetic structwes physiclogical characteristics and population
dynamics. No two species are alike in these characteristics, conse~

quently with few exceptions, no two species have the same distributions.
2. The principle of community continuity - communities which occur
along continuous environmental gradients usually integrate continuously.

with gradual changes in population levels of species along the grad-
ient." (Whittaker, 1967, 209.)

As well Gleason's ideas had been paralleled by Lenoble (1926, 1928)

in France.and Ramensky (1924) had outlined similar ideas in Russia.

oA

Ramensky (1930} took these ideas much furthef with extensive research
on species distribution and community relationships and thus
Khittaker (1967) clearly states that "it is Ramensky, rather than
Gleason, Lenobie, Ellenberg or the recent Americans, who should be
recognised as the originator of gradient analysis". (Whittaker,
1967, 218.) Despite this genealogy it has been Whittaker's contrib-
utions to gradient analysis that have popularised this concept, and
Whit taker has most clearly stated the techniques, results, and

VN

conclusions most relevent to the present study. A comprehensive
review of the many other gradient analyses both direct and indirect
is also provided by Whittaker (1967, 1973a). Whittaker's original

at-

i

direct gradient analysis, a Ph.D. Thesis (1948) entitled "A Vege

o

' ! (]

ion analysis of the Great Smoky Mountains"', and the resulting
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paper (1956), was designed to test the community-unit theory and

individualistic hypothesis. Two sampling designs were employed in
this study : "field transectsf and 9site transectsﬁ. Field transects
invoived a layout of pilots along predetermined intervals of a
gradient (either a predetermined horizontal distance or a predeter-
mined elevational interval). Since the predetermined sample location
did not &lways satisfy the “uniform siteﬁ criterion Whittaker relaxed
his more objective "field transect" sampling into the "site sample"
Tayout. This involved sampling areas along mountain trails that
satisfied the site-uniformity criterion to accomplish a "random"
coverage of the vegetation. Random not in the statistical sense
since sampling was limited byaccess but random in the sense that
Whittaker tried to achieve a,geographiéa]1y representative sampling
across the elevation belt. Sample size at each site varied with the
number of trees thought necessary to indicate stand composition and
ranged from 50 to 300 trees. Two gradients were used in the study :
elevation, and a topographic moisture gradient. Elevation ranged
from 1,500t (460m) to 6,8007t (2,010m). The topographic moisture
gradient depending on the site moisture range within an altitudinal
belt was divided into six to ten steps, and each step was sampled
with up to five vegetation samples (replicates). Lach step was
defined by a topographic position-type,for example Noyth facing
slope, lower slope, ravine bottom etc. and these were arranged 1n£o

a step-wise series of topographic positions or site types Jjudged by
experience to vary from moist to dry within the defined altitudinal
belt. Whittaker relied mainly on the 300 site samples collected,

a total of 25,000 stems, to describe and analyse the vegetation

patterns thyough the two gradients defined.
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he site samples wWere finally arranged in composite transects in

erms of elevation, or topographic site, or of moisture conditions
as indicated by the vegetatibn itselt. For the elevation transects
some means of comparing stands of equivalent moisture conditions was
needed. The site samples were consequently classified into four
groups, according to which moisture class of trees was predeminant
in a given sample. Within each of the four classes of stands of
the site samples were grouped by 200ftand 3007t intervals. Four
composite transects were thus arranged to cover the whole of the
vegetation pattern, showing changes in the Tevels of plant pcpuia-
tions from low elevations to high in each of the four classes of
stands and sites recognised." (Whitteker, 1956, 6.)

For both gradients Whittaker presented ovdinations of the species
distributions using as the ahscissa the environmental gradient
(i.e. the topographic moisture gradient or the elevation gradient)
and on the ordinate the quantitative value obtained for the species
in the stand at the sampling position along the gradient. It is
important to remember that the quantitative species value is in fact
an average obtained from usually five composite samples and further
it is a relative rather than an absolute measure. Tree and tall-
shrub species were expressed as relative densities (percent of
stand) and for herbs and shrubs as relative cover (coverage). A1l
o7 the species ordinations produced in this way showed series of
hell shapad (Gaussian) species curves each with an individual posit-
jon with regard to curve peak (mode) and range. Littie or no
association of species in terms of mode or range was apparent so
that each species progressively reached & maximum representation,

declined, and was veplaced along the gradient by other species.

uous with one ancther. The distribution of undergrowth species did
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fiot correspond with those of dominant species, and change in floristic
composition of comnunities was continuous through Qegetation types
defined by dominant species. As well Whittaker produced mosaic

charts (nomograms) in which the two major gradients were used as

axes with elevation from 1,500ft t06,600ft{460-2,010m) on the ordinate
and moisture-balance as indicated my site on the abscissa. Thus

when 300 site-samples were plotted my elevation and topographic
position using the 15 forest types already classified and important
species isorithims & generalised pattern of the vegetation was
obtained. Whittaker also plotted individually the relative density

~

(stand percentage) of 44 major tree species on the two gradients
forming nomograms of the tree population ievels in relation to the
gradients. These population figures could be visualised in three
dimensions as hills with their summits representing environmental
optima for species and with slopes of decreasing population density
with increasing departure from the optima. The species nomograms
showed Tittle evidence of association between species with each
species optimum being located separately in two dimensional space.
Details of the vegetation patterns noted by Whittaker included
general decrease of tree stature and coverage along the moisture
gradient (mesic to xeric) but with & greater number of stems in
mesic sites; maximal species diversity in Tow elevation stands,
transitional diversity between cove forests and cak forests, and
decreasing diversity from these stands towards more mesic or more
Xeric conditions and towards higher elevations, dominance at Tow
elevations of deciduous trees othar than caks in mesic sites. oaks
in intermediate sites, and nines in xeric sites; self-maintenance

of forests in undisturbed sites: general increase in coverage

of the shrub stratum aleng the meisture gradient towards xeric
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sites; dominance of deciduous non-ericaceous shrubs in mesic site,

evergreen ericaceous shrubs in intermediate sites, and deciduous
ericads in xeric sites; an inverse relationship betwecen shrub and
herb coverage; dominance of ferns and delicate umbrella shaped herbs
in mesic sites decreasing along the moisture gradient with
increasing dominance of rosette plants, grasses, and ground heather;
dominance of Picea rubens in Tower subalpine forests and Abies
fraseri in upper subalpine forests; little difference in subalpine
canopy compcsition along the moisture gradient but striking differ-
ences in undergrowths; occurence in valleys of the same herbs and
shrubs present in mesic deciduous forests; a complex undergrowth

of five strata occurring on north and east slcpes and decreasing in
coverage around to west and south slopes; and a dense Rhododendren
heath occurring in spruce-fir stands on ridges. The major observa-
tions made by this study were clearly these concerning the nature

of species populatien distributions and they Tead Whittaker to
reject the assumption that species are organised into associations
(the association unit theory) in favour of the individualistic
hypothesis of Ramensky and Gleason. Whittaker thus interpreted

the vegetation as a complex and largely continuous population
pattern. As to the reasons for this type of vegetation pattern
Khittaker considered the factors outlined in Gleasons principle of
species individuality to be all important (genetic structure,
physiolegical characteristics, and population dynamics). Thus
species distributed individually according to their own physiology
and genetic pattern; for example Whittaker noted the possible effects
of genetic patterns of the species found in the Great Smoky Mountains

some
These included the presence of two or more ecotypas of mejor species,
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and the occurence of clines of introgressive hybridization, polyploidy

and aponixis. Competition was also considered to affect the

distributional patterns in many ways:

1. formation of plateau distributions with cempetition occurring
within species

2. depression of population levels through competition with other
species

3. competitive splitting of a species distribution

4. displacement of the environmental mode from the physiological
optimum.

In spite of Whittakers emphasis on the continuity of vegetation

he recognised that "some vegetation types of more extreme environ-

ments are separated from the rest of the vegetation pattern by

relative discontinuities". (Whitteker, 1956, 63.) These discontin-

uous types or zones were characterised flatiened or 'plateau’

distributions cf dominant species cr growth forms and zonation

could thus be distinguished from gradation as a tendency toward

partial segmentation of the vegetation continuum. Ecotones were

thus interpreted as communities themselves rather than boundaries

(characterised by commodal grouping of smaller woody sp.) between

communities. Whittaker also stated that the fifteen climax

vegetation types defined for the Great Smoky Meuntains were units

of recognised subjectivity in terms of plysiognomy and dominance

in direct contrast to the traditionally accepted practice of

clagssification in which vegetation types were accepted as natural

units inherent in the vegetation. Whittaker's approach was thus

one of relating gradients of plant populations and community

characteristics to gradients of envirenment - gradient analysis.



Recent contributions to Direct Gradient Analysis

Recent contributions to direct gradient analysis which add
new dimensions and directions to previous direct gradient analyses
are those of Beals (1969) and Reeder and Riechert (1975). Both
in terms of the interpretation of vegetation pattern and the methods
suitable for vegetation analysis they are particularly relevant teo

present study.

Beals(1969) in a direct gradient analysis conducted in two
areas of Ethiopia focused on the question of relative continuity of
vegetation. Firstly outlining the two major schools of thought, the
continuum scineol of thought and the discrete community school of
thought,Beeals expressed the view that vegetation was capable of
exhibiting both continuity and discontinuity. This being the case
“"the question is, What factors determine the relative continuity of
the vegetation? Are there factors operating besides the obvious
ones, such as predominance of certain combinations of conditions in
an-area, or inherent environmental discontinuity oy random fluctua-
tions", (Beals, 1969, 981.) In order to answar these questions
Beals compared the effects of steep and gentie altitudinal grad-
ients on vegetational change. The steep gradient ( a vertical
change of 1,250 metres in 20 kilometres horizontal distance) was
located on the Rift escarpment between the village of Bati and the
town of Combolchia Ethiopia and the gentle gradient ( a vertical
change of 900 metres in 300 kilometres horizental distance) was
located in the Rift Valley between Awash and Shashamanne Ethiopia.
The vegetaticn was sampied at approximately 10 metre altitudinal

intervals in both areas with a sampie consisting of ten ;lots each

3]

20 x 10 metres giving a total aves sampled of 0.2 hectares at each

[

location. For analysis these samplies were further aggregated into
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segments of five combined samples each representing 50 metres of

elevation. Calculation of Sorenson's coefficient of similarity

(s = 2/ (a+b) where W = number of species common to two samples,

a = total number of species in sample a, and b = total number of
species in sample b) revealed a marked difference in the distrimution
of coefficients between the two areas. The gentle Awash gradient
coefficient distribution was symmetrical and apparently normal
while for the steep Bati gradient the distribution was highly
skewed. Application of a chi-squared test on the coefficient
distributions revealed statistically significant uniformity in the
rate of change for the gentle gradient and irregularity for the
steep gradient. Graphing of the coefficient of dissimilarity (1 -
coefficient of similarity) for adjacent seements also pointed to a
more marked vegetation zonation occuring along the steep Bati

gradient. Species distributions for example Acacia senegal,

Acacia flaxa, Acacia tortilis, Euphorbia candefabrum, Carissa

edulis, Euclea schimperi and Croton dichogamus all showed marked

differences in the two areas. Beals stated there was a distinct
trend toward more sudden appearance and disappearance of species
along the steep gradient (Bati) than along the gentle one (Awash).

A range of factors was considered in attempting to explain the
reasons for the difference in degree of vegetation continuity. These
included several facets of species competition including the spatial
pattern of distribution of both seeds and plants along steep and
gentle gradients, and the enhancement of abrupt distributions by
dominance. Environmental factors: climate, rainfall, temperature,
and substrate were also considered in that a discontinuity in these
variables would be reflected by the vegetation. There was no signif-

icant climatic difference detected between the two sites while there
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were some signficant differences in terms of substrate. Beals

concluded however that none of the environmental factors exhibited
marked discontinuities. A comparison cf sites of adjacent segments
of the altitudinal gradient showed that those pairs of segments

with dissimilarity indices greater than 0.45 had no greater environ-
mental differences than did pairs with dissimilarity indices less
than 0.45.

"Thus no environmental discontinuity was detected along the steep
gradient, except for the talus - bedrock transition. None was
detected along the gentle gradient, although several factors did
show more variability there than on the steep slope." (Beals, 1969,
984.)

In contrast the vegetation of the two slopes exhibited discontinuity
on the steep slopes and continuity on the gentle slopes. Beals
noted that abrupt distribution of dominant species will in itself
cause some discontinuity in the vegetation if the vegetation is
analysed guantitatively but there are other species whose change in
density is correlated with the dominants, and these reinforce the
discentinuity thus in the transition between dominants on the steep
gradient many other species also either disappear or appear as the
transition is made from one dominant species to another. On the
gentle gradient however few simultaneous changes of dominants and
sub dominants were detected. Beals thus considered the "correlations
of species Timits along the steep slope may be brocught about by
direct biotic interactions - or perhaps chemical interactions - or
more commonly by sudden change in the physical envirormment caused

by sudden change in speciec density". (Beals, 1969, 985.)

Euphorbia cendelabrum fer example with a different physiognomy to

othey plants in the area (succulent, leafless, "candelabra"
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pranches) and possible chemical interactions due to its poisonous
Tatex caused the most rapid vegetetional change on the steep and
gentle gradients. In conclusion Beals (1969) claimed that along
the steep gradient the vegetation itself imposed disjunctions on an
extrinsically centinuous environmental gradient, whereas along the
gentle gradient this did not occur. Possible causes for the devel-
opment of the disjunctions identified were dispersal rates,
vegetative reproduction,the competitive -~ exclusion principle which
was probably influential in demarcating plant communities as
defined by dominant species along a rapidly changing environmental
gradient. Thus as Beals states "the question that should bother
ecologists is not really whether vegetatien forms a continuum or
forms natural and discrete groupings. It is obviously capable of
~forming both ...  The quesion that should e asked is, what methods
should be used in the analysis of vegetation - a continuum approach
or a classification approach?" (Beals, 1969, 985.) In answer
to this question,and contrary to previous opinion,Beals (1969)
considered the continuum and classificatory approaches as not
necessarily incompatible although he considered the continuum or
gradient analysis approach capable of detecting discontinuities
whereas the classificatory system could not. Thus for "the purposes
of mapping or landscape inventery, classification is necessary and
informative; for understanding the sociology of plant communities,
some kind of gradient analysis, appears to be more efficient".
(Beals, 1969, 985.)

Reeder and Riechert (1975) in a paper entitled "Vegetation
change aleng an Altitudinal gradient, Santa Cruz Isltand, Galapagos",
described the results of a direct gradient analysis along a limited

altitudinal gradient (183 metres rise in 12,900 metres traverse).
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sampling occurred at 10 metre altitudinal intervals with five Tinearly

arranged contiguous 10 x 10 metre quadrats located along the contour.

The data from the five quadrats was combined so that the total area

sampled at each site was 500 sq.metres. Calculation of the dissimil-

arity index (1 - similarity index) between adjacent samples in the

same way as Beals (1%69) revealed breaks in the continuity of

vegetation change at several points along the gradient. The breaks

in the continuity of the vegetation enable the recognition of

several vegetation zones: a Mangrove - coastal zone, a Cryptocarpus

zone, an Arid zone, and a Protean zone. Canonical analysis was

also carried out on the samples and results coincided closely with those

obtained using the dissimilarity index. Examination of climatic

data (moisture gradients and substrate) revealed no specific breaks

in environmental continuity which might explain the discontinuities

in the vegetation. The second canonical variate extracted suggested

the cause of the observed discontinuities in that it separated out

all the samples at which the greatest discontinuity occurred and

all except one exhibited "a 10m rise in altitude over a relatively

short distance when compared with altitudinal samples along the

remainder of the transect". (Reeder and Riechert, 1975, 168.)

Thus they concluded that the discontinuities in the vegetation

represented slope affects and two major possibilities for slope

effects were proposed:

1. the physical environment and differences in terms of water
runoff and soil deposition

2. the plant species themselves imposing disjunctions on a steep
sTope - increased competition might occur where Tittle marginal
habitat is cffered by mutual invasion by similar species.

Differences in the physical environment resulting in structural

stand differences were thought to be more important with a much
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higher representation of small height class individuals on steep
slopes than on other parts of the gradient. Structural features rath-
er than species representation contributed much to the variability
exhibited in the vegetation with zonation being ralated to tree-
species equﬁtabiTity and richness (zone separation in the form of

a greater number ofyequa?]y dominant plant species). Discontinuit-
jes identified in the vegetation by Reeder and Riechert (1975)

were move in terms of total stand character than in sudden changes
in species composition. The discontinuities were characterised

"hy unusually Targe numbers of young trees on steep slopes... 1in
what otherwise might have been considered continuous vegetation

change with altitude". (Reeder and Riechert, 1975, 174.)

New Zealand Altitudinal Gradient Analyses

A number of New Zealand researchers have followed the original
work of Whittaker (1948, 1956) and Curtis and bcIntosh (1951)
and performed direct gradient analyses on the vegetation in New
Zealand using altitude as the principal gradient. They include:
Mark and Sanderson (1962) in the Hollyford Valley Fiordland,
Mark (1963) at Secretary Island Fiordland, Wells and Mark (1966)
on Mt Anglem Stewart Island, Mark and Burrell (1966} on the
Humboldt Mountains Fiordland, Daly (1967) in Central Otago, Gibbs
(1966) in Tongariro National Park, Ogden (1971) on Mt Colenso in
the Ruahine Ranges and Clarkson (1974) in the Tongariro National
Park.

Mark and Sanderson (1962) analysed the forest on the eastern
side of the Hollyford Valley in the wicinity of Deadman's Hut -
Rarris Saddle Track (See Figure 3) "to describe the changes -in

composition, structure and regenevation of the forest associated

A
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Sampling procedure

Maximum altitudinal Average altitudinal Altitudinal
interval interval
182m 149m 91.40 -~ 990.16m
(898m)
76m 76m 0 - 898.76m
73m 144m (898m)
182m 137m 213.26 ~ 914.00m
(700m)
170m 132m 0 - 976.00m
(976m)
210m 140m 1080.00 ~ 1640.00m
(560m)
60m 28m 1218.66 - 1706.13m
(487m)
243m 104m 81.40 - 1645.20m
(1553m)
198m 157m 632.80 ~ ©80.16m
(35Cm)
3. 0m 2.7m 1172.%6 - 1371m

(198m)
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with change in altitude from the valley floor at 300ft a.s.l.

(91.40m) to the tree line of 3,240t (990.16m)". (Mark and
Sanderson, 1962, 17.) Rectangular plois 500Ft (152.33m) in length
were used to sample vegetation at six sites approximately LOOFT
(152.33m)apart on the altitudinal gradient. The data collected was
used to calculate Importance Values as in Curtis and McIntosh
(1951). Results showed changes in both composition and structure
through altitude and a general lack of ecological interdependence
between species, the individual range of each species being deter-
mined by its individual environmental tolevrance Timits. Mark and
Sanderson (1962) stated however that rather abrupt changes both

in vegetation composition and structure apparent at 1,500t (457m)
made it possiblie to define a Towland mixed beech ~ podocarp -
kamahi forest and an upland pure silver beech fTorest. OF the
sixty-seven species recognised, two groups: those not venturing
above 1,500Ft (457m) (twenty-two species), and those occurring only
above that Tlevel (twenty species) were apparent,so that "although
the composition of the forest varies continuouslty with altitude,
-it is also possible to recognise two distingt forest types; beech -
podocarp - kamahi forest below, and silver beech forest above".
(Mark and Sanderson, 1962, 25.)

Mark (1963) analysed the forest along a spur running north
westward from the shoreline at Blanket Bay Secretary Island to the
treeline at 29507t (898.76m) (See Figure 3) “to describe variations
in composition, density, and dominance of the forest strata (except
ground cover, epiphytes, and Tianas) along this altitudinal
gradient". (Mark, 1963, 128.) Data collected on two separate
occasions was combined and Immortance Values calculated as in the

study by Mark and Sanderson (1962). The sampling interval ranged
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from 250Ft (76.16m; for plots in which trees only were recorded
up to 5507t (167.56m) 1in plots where shrubs and ground cover were
recorded as well. Maximum plot sizes were 1,000sq yds (835sq m)
for mature and developing trees anc 500sq yds (417sq m) for shrubs,
herbs, and small tree seedlings. Plots were selected to avoid
steep bluffs and other anomalous sites and these examined ranged
between 7-35" slope angles with aspects between east and south.
Results chowed a rather abrupt change in composition and structure
of the tree, small tree, and shrub strata near the 1,500Ft (457m)
contour. This forest was regarded as "transitional between a

Towland mixed forest, dominated chiefly by kamahi (U. racemesa),

rata (Metrosideros umbellata) and the podocarps with a moderate

beech component, chiefly mountain beech (N. solandri var.

ctiffortioides); and an upland beech forest, dominated by silver

beech (N. menziesii) with mountain beech co-dominant or dominant on

relatively dry, exposed sites". (Mark, 1963,192.) In terms of
altitudinal distribution species could be divided into five broad
groups: those confined to the shoreline, lowliand species occurring
generally below 1,5007t (457m), continuous or near continuocus
species, high altitude species, and species with discontinuous

distributions. Rata (M. umbellata) was consideved to exhibit a

unique distribution (sealevel to about 2,350ft (715.%6m)). Overall
in fact the sixty-nine species listed in the four strata showed
Tittle or no interdependence in their distributions. In concluding
Mark (1963) cited his objectives as being twofold: Tfirstly to
discover the results of an altitudinal gradient analysis in

unmodified New Zealand ferest and secondiy to provide data of use

=3

in assessing damage by exotic animals ‘in other parts of Fierdland.

With recerd to the first objective the extensive cverlap of species
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ranges was interpreted as supporting the proposition that species

respond individually to the environmental gradient associated with
increasing altitude as a result of their individual tolerance and
competitive ability. With regard to the second objective the use-
fulness of the data in providing a basis of comparison for animal
damage within Fierdland was considered Timited because of the
complexity of Fiordland forest vegetation.

Scott et. al. (1964) investigated the changes in forest
composition and structure associated with increasing altitude upon
a spur on the north side of the valley between Lakes Thomson and
Hankinson, north-west from the Hankison Hut in Fiordland. (See
Figure 3) Sampling was carried out at six sites between the valley
floor 700ft (213.26m) and the tree-line at 3,000ft (%14.0Cm), the
altitudinal interval averaging 137m. The quadrat sizes were the
same as those of Mark and Sanderson (1962} as was the sampling
procedure and the data collected was used to calculate the relative
density and basal area of species recorded. The forest was
"dominated throughout by N. menziesii (silver beech) constantly

accompanied by the understory species: Neopanax simplex, Coprosma

foetidissima, Myrsine divaricata, Biechnum minus, and Astelia

nervosa" (Scott. et.al., 1964, 311.) with all other species
exhibiting some restriction in their altitudinal range. Scott

et. al. (1964) considered the canopy and subcanopy species showed

a gradual and continuous change in composition making it impractic-
able to subdivide the forest into discrete communities although two
different faeiwe \ cre apparent: upland and lowland. The greatest
discontinuities rioted occurred just below the tree Tine where many
subaipine g¢rassiand species penetrated into the forest and near the

2,000ft (609.32m) mark the upper 1imit of the important lowland
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species: P. hallii, P. colorata, M. umbellata, G. Tlittoralis, and

W. racemosa.

Wells and Mark (1966) described gquantitatively the altitudinal
gradient in vegetation on the north-eastern slope of Stewart
Island's hichest peak Ft Anglem. (See Figure 3.) Eight sites
Point centre
between sea level and the summit 976m were sampled using the"quarter
method of plotless sampling of Cottam and Curtis (1956). Twenty-
five points at each site were sampled giving 100 determinations for

Trees, Small trees, Shrubs and Herbs (as defined by Wells and Mark

1967, 259). Bata obtained was used to calulate total and relative

density and basal area although in the alpine herb moor of the
summit the point-intercept method was used to give measures of
dominarice and cover. The average altitudinal interval between
sites was 132m. The quantitative resultis of the sampling enabled
Wells and Mark to recognise four major plant communities separated

by discontinuities both in physiognomy and floristic composition.

The four groupings identified supported the qualitative

descriptions given previously by Cockayne (1909). The four community
types: Lowland Podocarp - Broadleaf Forest, Montane Leptospermum -
Dacrydium Tall Shrubland, Sub-alpine Scrub, and Alpine Herb Moor

are best described in terms of the altitudinal discribution of

their dominants. The Lowland Podocarp - Broadleaf forest was
described as cccupying the area up to 300m being dominated by

Dacrydium cupressinum, Podocarpus ferrugineus, and Weinmannia race-

mosa all of which reached their maximum densities and basal areas

below this altit ude. Montane Leptosperium - Dacrydium Tall shrub-

land occupies & zone between 320m and 410m and is separated by a

narrow belt of transitional vegetation. Leptospermum coparium

and Dacrydium biforme reach their maximum densities at those altitudes
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and are important in the shrub layers only past 410m. The subalpine

scrub between 410 - 650m is dominated by Olearia colensei the

transition between it and the tall shrubland being characterised by
the increasing dominance of 0. colensoi and the decreasing importance

of L. scoparium and D. biforme. The Alpine Herb Moor, essentially

continuous above 850m, is characterised by greater floristic richness
than the other three communities and the dominance of Dracophylium

politum, Chioncchloa pungens and Raoulia goyenii. In contrast to

the previously described work then Wells and Mark (1966) interpreted
the altitudinal sequence of vegetation in terws of four major
community types defined by discontinuities both in floristics and
physiognomy.

Mark and Burrell (1966) quantitatively analysed a series of
sample plots at six sites between 1080m and 1640m on the Humboldt

lountains overlooking the Hollyford Valley in Northern Fiordland.

(See Figure 3) "Since the transect began within 3km of the Deadman's
Harris Saddle Track, it could be considered as an upward extension
of the altitudinal gradient already described for the forest (Mark
and Sanderson 1962". (Mark and Burrell, 1966, 12.) The purpose of
the study stated was to determine whether or not changes in the
composition and cover of the grassltand vegetation between the

silver beech (M. menziesii) timber line and the upper limits of

closed vegetation at abeut 1,640m conformed to a gradient or whether
discrete communities could be recognised. The maximum altitudinal
interval between sites was 210m while the average interval was 140m.
Sampling at all of the six sites took the form of 10F%“45m transects
using the point intercept method, the point interval for the top
stratum being 30cm. On the basis of physicgromy three communities

were obvious: the first a mixed snow tussock scrub dominated by
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chionochloa flavescens at about 1,000m; the second a tussock grass-

land deminated by C. flavescens and C. crassiucula above 1,100m;

and the third dominated by the dwarf tussocks C. oreophila, Poa

colensoi and the mountain daisy Celmisia hectori above 1,500m.

Calculation of similarity indices to compare the sites both floris-
tically (presence and absence of species) and vegetatively (species
cover vatues) indicated the presence of an altitudinal gradient in
that the flora from adjacent sites tended to he more closely related
than distent sites. Further to this, lack of ecological interdepen-
dence between species was obvious with the exception of tne ecotone
between forest and grassland. HMark and Burrell concluded however
that cespite the gradient in composition,the abrupt changes in struc-
ture and composition of dominant and subordinate species (1,2100m

and 1,500m) enakled the recognition of separate communities: the

Tow alpine snew tussock - scrub, low alpine snow tussock grassland,
and high alpine dwarf tussock grassland.

Daly (1967) attempted to relate variation in the grassland
continuum in Central Otago to the principal environmental gradients
altitude and moisture status,however the resultsof only the altitud-
inal gradient analysis will be reviewed. HNinety-nine stands were
"sampled to represent the wide range of variation exhibited by the
grassland and related vegetation" (Daly, 1967, 63) and the
altitudinal range was between 300ft (%1.4m) and 5,400ft (1,645.2m).
The maximum altitudinal interval was 243m while the average interval
was 104m. Sampling in each of these stands took the form of Tline
transects; for example; for the grassland and shrubland 30 x 100ft
(30.46m) Tines with point intercepts recorded at 4ft (1.22m) inter-
vals. The results were analysed according to the Bray-Curtis (1957)
mathod of ordination and graphing of relative cover values for

species in a linear arranceiment of communities. Results showed each
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species reaching a peak contribution in terms of relative cover at
different altitudes and exhibiting an individual range of tolerance
to different altitudes. Daly thus concluded that these overlapping
distributions indicated a continuum of vegetation along a gradient
of increasing altitude and changing moisture status.

Gibbs (1966) sampled 18 sites in an area above the Timber-
Tine on the North West siopes adjoining Bruce Read Mt Ruapehu
between 4,000t (1,218.66m; and 5,500t (1,706.13m). (See Figure 3.)
Multiple sampling using 2sq m quadrats took place at each site with
a maximum of 38 quadrats and a minimum of two quadrats at any one
site. The altitudinal interval maximum was 220ft (67m) and the
average interval approximately 92ft (28m). Species were rated on
a 1 - 5 scale for sociahility and dominance within each quadrat
and frequency determined as the percentage cccurrence in the total

quadrats collected at each site. Importance Value Indices the same

as Curtis and McIntosh (1951) were calculated for all species and
used to assess their distribution. Different species exhibited
different altitudinal Timits of growth: twzlive species at 4,500ft
(1,371m), six species at 5,0007t (1,523.3m), while seven species
were recorded throughout the altitudinal range from 4,000ft (121.86m)
to 5,600t (1,706.13m). The remainder of the total of seventy-four
species exhibited varying individual altitudinal limits. Comparison
of the species distributions pointed to floristic changes in sample
composition around 4,500ft - 4,600ft (1,371m - 1,401.46m) and

4,900 - 5,000t (1,492.86m - 1,523.33m) although physiognomically
the vegetation appeaved to belong to one plant association in which

Dracophylium recurvum, Rhacomitrium lanuginosum, Celmisia spectabilis,

Senecio bidwillii, Anisctome aromatica snd Gaulitheria colensoi were
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the important species. On the basis of these floristic discontinuit-
ies Gibbs suggested the division into three plant communities: a

Gleichenia - Chionochloa - Dacrydium laxifolium community between

4,000t and 4,600Ft (1.218.66m - 1,401.46m), a Dracophylium

vecurvum.- Rhacomitrium - Celmisia spectabilis community between

4,500 and 5,100ft (1,371m - 1.553.8m)., and a Rhacomitrium -

Dracephylium recurvum - Gaultheria colensoi community above 5,100ft

(1,553.8m)
Ogden (1971) quantitatively described the altitudinal

distributien of the species on Mount Colenso in the Ruahine Range.
(See Figure 3). The pointegentred quarter method of Cottam and Curtis
(1956) was used to sample four stands of approximately 1 hectare in
area. Stands ranged from 2,100ft (639.8m) to 3,250ft a.s.1.
(990.16m) with an average altitudinal interval of 576.66Fft (137.41m).
Graphing of the distributions of the main species showed overlapping
altitudinal ranges "so that no clear cut altitudinal ‘'zcnes' or
'belts' can be distinguished even if canopy species only are
considered". (Ogden, 1971, 59.) Ogden thus considered the forests
on the Kauwnatau spur of Mt Colenso to form a continuum of overlapp~
ing species distributions ranging from mixed beech~podocarp forest
on the terraces, through red beech (K. fusca) dominated forest at

intermediate heights, Libocedrus bidwillii ~ Dacrydium biforme

forest near the tree 1ine, merging gradually with Olearia - Hebe -
Cassinia scrub and finally into tussock grasses and herbs. The
altitudinal distribution of ground cover herbs and ferns was also
interpreted as a continuum of species similar to that seen in the
cancpy trees and shrubs. In conclusion Ogden repeated Elder's
(1965) statement "in aversging out (the altitudinal renge of diff-

erent species) it became clear that the representative species are
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not grouped in altitudinal zones, but appear in an overlapping
gradatian“. (Ogden, 1971, 65.) He also made the point that if
an empirical classification of this vegetation continuum had to
be devised it would be best to recognise a few main communities
with broad ecotones between them.

Clarkson (1974), in an unpublished field report,described a
direct gradient analysis carried out in the Taranaki Falls area of
Mt Ruapehu between 3,850t and 4,500t (1,172.96m - 1,371m).
Seventy~three bm line transects at an average altitudinal interval
of 2.70m were used to record the presence of all species through-
out the altitudinal range. Similarity indices were calculated to
compare the transects on a floristic (presence and absence of
species) basis. On the basis of these similarity indices and the
species distributions four separate sub-associations were recognised:

a DracophylTum recurvum ~ Dacrydium laxifolium - Gaultheria colensoi

sub~association between 4,100 and 4,500ft.(1,249.13m - 1,37im), a

Coprosma cheesemanii - Dracophyllum recurvum - Cyathodes sp.

sub-association between 4,000 and 4,100t (1,218.66m - 1,249.13m),

a Dracophyllum recurvum - Celmisia spectahilis - Coprosma cheesemanii

sub-association between 3,900t and 4,000t (1,182.720m -~ 1,218.66m),

and a Celmisia spectabilis - Dracophyllum recurvum - Gleichenia

circinata sub-association between 3,850ft and 3,900t (1,172.96m -
1,188.20m). Apart from the principal changes in composition along
the altitudinal gradient,factors including slope, aspect, and
lithology were recognised as important in determining the distribu-
tion of the sup-associations identified. Overall high similarity
indices between transects and the vegetation physiognomy pointed
to the fact that all the sub associations identified were part

one plant association dominated by species found throughout

the altitudinal range including D. recurvum and C. spectabilis.




Chapter 4

METHODS

Data Collection

Data from forty-eight quadrats was collected on four major
ridges of Mt Egmont: York Road Track Ridge, North Egmont (Blundell's
Track and Razorback), Dawson Falls (Summit Track), and Lake Dive
Track Ridge. (See Figure 1) Of these quadrats twenty-three were
collected to describe the vegetational change through the altitudin-
al gradient along the York Road Track Ridge, while the twenty~five
collected at the North Egmont, Lake Dive, and Dawson Falls locations
provide further comparisons of the tree~shrub and shrub-tussock
interface. Twelve samples collected on the Stratford side in
1972 with the assistance of the Massey University Extension Course
have been included as well bringing the total to sixty quadrats.

A11 sampling except for the twelve quadrats from the Stratford
side was conducted wetween 28/8/75 and 13/6/76 and employed a
predetermined sampling procedure as outlined below.

Sampling procedure: an outline

intervals

1. Quadrats to be Tocated altitudinally at thirty |
between 853m (2,800ft) and 1,858m (6,100ft).

2. No sampling within two metres of tracks or ridge sides.

3. Quadrat sizeto vary according to minimal area checks and accepted
guadrat sizes as describad by Mueller-Dombois and Ellenberg
(1974) p. 67-80.

4. Sample on North fecing slopes only.
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Always sample in medium drainage conditions - avoid extremes

of free-draining or poorly drained.

. . ' 0 . -
No sampling on sites where the slope angles exceeds 50° (cliffs,

banks, etec:).

Avoid marked changes in substrate, in particular exposed rock

faces.
TheSampling procedure was designed specifically to hold as many
environmental paramctérs constant as possible so that the altitudin-
al gradient would be the prime one reflected by the vegetation.

Sample size: a justification

The final quadrat size was determined after reconnaisance of the
entire ridge, the most important restricticon in many places being
ridge width. At Tocations where ridge width was the major criter-
ior for quadrat size the practice was tc sample as large an area
as possible. As well quadrat size was also determined by attention
to two critical factors. The first was the need to retain
sufficient internal sample homogeneity, a characteristic noted
by Mueller-Dombois and Ellenberg (3974) as particularly important
in mountainous terrain, and the second was the need to achieve
a minimal quadrat size for obtaining a representative combination
of species. Three examples of minimal area checks have been
included to show the minimal area required in shrub-tussock
compunities, tower altitude forest, and the herbfield (See Figures
4, 5, and 6 and Table 4). The point at which species representation
levels off to within five or ten percent of tha value recorded in
the preceding sample area is generally accepted as the minimal
area to be sampled if a representative combination of species is to
be achieved. For ﬁhe shrub-tussock sampies it is obvious that if

tTine transects are to be employed &t least three ten metre lines
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4. Minimal Area Checks: Relative Density of given species

g
o
$

as a function of quadrat size or line transect length.

Shrub-Tussock  1,325m  (4,350ft) York Road Track Ridse

Senecio elaeegnifolius 12.50 7.14 8.06 6.59 6.54
Chionochloa rubra 3.12 28.57 17.74 17.58 14.95
Hebe odora 6.25 17.85 25.80 19.78 19.62
0~5m O0-1@m 0-20m 0-30m 0-40m

B. Forest 935m  (3,070ft) Dawson Falls

Podocarpus hallii 100.00 40.00 21.40 14.70 17.07
Griselinia littoralis 0  20.00 7.14 11.76 12.19
Weinmannia racemosa 0 40.00 71.40 73.52 70.73

5x5m 7x7m 10x10m  10x20m  10x30m

C. Herbfield 2,096m (5,570ft) York Road Track Ridge

Poa celensoi 38.09 42.85 34.48 31.57 29.75
Gaultheria sp. 9.52 7.14 9.19 8.77 9.09
Montia sp. 0 0 0 0 1.65

0-bm 0~10m 0-15m 0-20m 0-25m




Figure &

MINIMAL AREA CHECK  Shrub-Tussock

357 York Road Track Ridge 1325m
30—
= 7N
— // ’\\
i{g . // R H. odora
(20~ A I
. 7 C. rubra
(%] - / PRPER N
> =/ T
= 15 o
< '/
B / of
N\
10— / N
/_{ AN e~ S. elacagnifolius
! — .
I YRR
5 ’/ / ':
/7 .-
"
zéf‘.
] ] i i I
5 10 20 30 40

LINE TRANSECT IN METRES

0§



RELATIVE DENSITY

vN*MAL AREA CHECK Forest

Dawson Falls  935m

100
“ P. hallii
80 ) ¥. racemosa
oo e o T O T e e o o
-
-
60— _
-~
. ~
. //
40— .,
/
/
20“ / AT - i * . . .ol
/ ~ . . -
,//' G. littoralis ¢ o 4 e aer e e s o m——
f&/ ; i i 1
25 50 100 200 300

QUADRAT SIZE IN SQUARE METRES

19



RELATIVE ®ENSITY

50—

40—

20—

30~

Figure 6

MINIMAL AREA CHECK Herbfield

York Road Track Ridge 2096m

N
«"/, N,
' / P. colensoi ™\,
j -

/ =

mne

/ . Gavltheria si:.

T~ 2 T TS s g @ T T

V4 Montia sp.

.o
.......
ae

LINE TRANSECT IN METRES

28



53
are required to achieve a representative combination of species.
In contrast the minimal area required in the lower altitude forest
is closer to 200sqg m. Five bm line transects at least are required
for the herbfield and in fact this may be insufficient although the
requivement of substrate homogeneity becomes almost impossible to
meet 17 the sample exceeds 5sg. m. Furthey justification for the
quadrat sizes finally used includes the data of Westhoff and Van der
Maareil,who Tist minimal ereas for various communities in Whittaker
(1973), and Huelier-Dombois and Ellenberg (1974) who 1ist minimal
areas for temperatms-zone vegetations. The final quadrat sizes
us determined were: Forest 20 x 20m, Scrub-Forest 15 x 1bm,
Scrub 10 x 10m, Tussock grassiand and herbfield 5 x 5m (or in the

! !, g

f the Tatter two, medified to Tine transects at least 3 x 10m

Tengths). The fact that quadrat size would have to be increased

to 50 x 50m or even greater in the fTorest below 853m (2,5007t)

was the maior reason for dealing with the vegetational change along

the altitudinal gradient between 853m and 1,858m.

Vegetation was recorded in the categories Tisted below:

1. Canopy - trees with more than fifty percent of their crowns
in full sunlight.

2. Sub canopy = trees not reaching full sunlight - shaded by the
canopy.

3. Shrubs - Tess than 2m.

4. Ground cover - the herbacecus layer of grasses, ferns, seedlings

9. Epiphytes - perching plants including seedlings of tree species.
Species nomenctature throughout fellows that of Druce's Unpublished

"Checikiist of the Hicher Plants of Meunt Egmont including Pouakai
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and Kaitake Ranges", Third Approximation Kovember 1973 and including
Corrections: August 1974, October 1974, July 1975 and April 1976.
Diamcter at breast height (d.b.h. at 1.50m) was recorded for
canopy and subcanopy species. Density was recorded for canopy,
subcanopy and shrubs. Cover was recorded employing the line-inter
intercept method (described by Muzller-Dombois end Ellenberg, 1974,
90) and Tine transects (contintous cover) in shrub quadrats. Ground
cover was recorded along a line stretched acress the quadrat 1 metre
from the most northerly side. As well as this quantitative measure
of ground cover all ground cover species present in the quadrat
marked out were noted. Therefors'imald the forest quadrats ground
cover species present was recorded in an area 20 x 20m. Special
attention was paid to the presence ov absence of seediings of the
canopy species and estimates of seedling numbers for the major
canopy species were made in the whole quadrat. The presence of
epiphytic and Tiane species was also ncted. Table 5 summarises the

data recorded for each stratum of the vegetaticn at eacn site.

Table &. Summary of Vegetation Data recorded at each site.
Canopy X X X b
Subcanopy X X
Shirubs X X
Ground cover X X
Epiphytes X
Lianes X
Seedliings X
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canopy height was measured in the majority of quadrats and
estimated where measuremznt proved difficult, for example in the
lowland forest. Slope and aspect were recorded for all quadrats
although ridge aiignment in each of the sampling areas summarises
the aspect of all the quadrats. The altitude for each quadrat was
determined using an altimetar (13-2000-IN Afrcraft Inst. Develop.
Inc. Wichita, Kansas) and known spot heights on the ridges

examined particularily those of Huts, Trig stations, Track junctiens,
and National Park markers. The altimeter proved to he accurate

to within ¢ 10ft (9.14m) on days in which the weather was stable,
however, because of MU Egmonts unstable c¢limate, altitudes required
checking up to four times on scme sites. General notes were also
recorded for each quadrat including descriptions of substrate,
drainage, vegetation physiognomy and structure, and regeneration

performance of the major canopy species.

The use of the Importance Value (I.V.)

The Importance Value (I.V.) was first used in vegetation studies
by Curtis & McIntosh (1951) and was defined as the sum of Relative
Density, Relative Frequency ., and Relative Dominance values for a
given species in a given stand of vegetation:

s

Relative Density =  Number of individuals of a species x 100

Total numbeyr of findividuals of all
species

Relative Frequency Fraquency of Species A x 100

i

Sum of frequancy values of all

species

H]

Relative Dominance Basal Area (or Cover) of Species A x 100

Total Basal Area {or Cover) of all

species
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5o defined,the Iipottance Value ranges from 0 (where a species

is unvepresented) 300 (where a species forms a monodominant stand).
Muelier-Dombois and Ellenberg (1974) make the point that any one
of the three parameters mey be interpreted as an importance value
depending on which of the values the investigator considers most
important for a particular species, group of species or community.
Several workers including Fosberg (1961), Rice (1967). and
Daubenmire (1968) have criticised the use of relative rather than
actual pavemeters because densely vegetated and sparsely vegetated
habitats cen record the same reltative densities, relative bhasal
areas, and relative frequencies giving no indication of species
biomass or cover which are considered of greater ecolegical signif-
icance in plant distribution. 1In the Tight of these criticisms

the importance value used in this study is presented and justified.
The Importance Value (I.V.) for Canopy (Top Stratum) Spscies may
be summayised as

I.V. = R.D. (R.C. + R.B.)
2

Basal
Impertance Vatlue = Relative Density + (Relative Cover + Relative Area)

2

Three aspects require justification in the use of this proposed
“importance value in this study. The first is the ommission of the
Refative Frequency value, the second the combination or averaging
of Relative Cover and Relative Basal Area, and the third the use
of relative rather than absclute values. The Relative Frequency
value ceuld ncet be computed because dn1y one quadrat was measured
at each specified altitude because of site restrictions that is
the Vimitation imposed by ridge width at many Tocations along the
York Road Track Ridge. Relative Cover and Relative Basal Area

were averaged on the grounds that "instead of crown area, cover
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may also imply the projection of the basal area to the ground

surface".  (Mueller-Dombois and Ellenbers, 1974, 118.) and there-
fore,the cover of the crown of a canopy species or the diameter
breast height (d.b.h.) are essentially measures of the same parameter
that is. the ar=a taken up by a species within a reference area and
relative to the area taken up by other species. A comearison of

the data obtained in sempling for both Relative cover and Relative

-

Basal Area shows a variable relationship hhuéaec the two measures

for example in Table 6.

Table é. Relative Cover and Relative Basal Area for Podocarpus

halli and Griselinia littoralis on the York Road

Altitude in metres P. hatifi G. Tittoralis

897 26.08 32.13 36.95 16.93

959 Regeneration
quadrat 82 .60 79.65 - -

959 37.83 36.04 | 32.43 41.04
999 38.19 37.19 | 50.31 49,84
R.C. R.B. R.C. R.B.

Table 6. shows that in some instances the values for Relative
Covar and Relative Basa Area are within 1 percent of each other

while in one case (G. Tittoralis at 897m) a variation of up to

20 percent is apparent. This is also an indication of the problem
of measuring a species exhibiting a muitistemmed spreading growth
habit

On the basis that both cover and mesal areea are an attempt
to quantify dominance,where available,the two values have been
averaged to give a2 more accurate indication of this parameter for
this study. Relative values for density and dominance have been

ER

used to focus on the relative species composition at each altitude.
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This gives a false impression when comparing say a high altitude
sample (No 1 at 1,855m) with a total cover value of only 13 percent
with a Tow altitude sample (N@ 21 at 897m) with a total cover of
92 percent in the canopy alone but this is compensated by presenting

PN}

the data for absolute (total) co ”“r separately. In this way the
change in species compositicn through the major altitudinal gradient
(York Road Track Ridge) is examined on the same Importance Value

J

ranee 0 - 200 throughout.

Altitude as an indicator of the environmental agradient

Attitude,that is height above sea leval in metres,is the
measure used to order the vegetation data,end thus velate changes
in composition, physiognomy, and structure directly to environmental
factors. It is recognised that as stated by Whittaker (1973b)
altitude itself has no bearing on plant physicloey and thus upon
species distributions. Rather altitude has been emp]oyed‘as an
index of sample position aleong a complex environmental gradient.
This complex envivonmental gradient includes changes in many

J.

environmental factors including temperatuve, wind ve]acity, precip-

-~ o

itation, insclation (aspect), slope, and substrate characteristics.

The attempt to held constant drainage,substrate conditions, siope

i

and aspect has already been described in the sampling procedure.

4 oA

Consequently for this study it is assumed that the major environ-

-

mental chances reflected by the vegetation are thase of temperature,
wind velocity, precipitation, and humidity. WUhitmore (1975)
summarises the changes through elevation for these factors in
tropical montane climates and atong with the description by Ceulter
(1976) of "Weather in Egmont National Park" the assumed changes in

these factors through altitude can be postulated.
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Temperature decreases with increasing altitude and Coulter

1976) claims that "air temperatures near the ground decrease on

average By approximately six degrees C. per 1,000m" (Cou'lter, 1976,
52) with variation ¥rom place to place and time to time according to
the general weather prevailing and en account of local topographic

/

influences on climate. Druce (1976) a

-
1
¥

sog states, "the usually accepted
three degreés F. per 1.000ft (one degree C. per 200m) decrease in

mean temperature should apply fairly well to Egmont, at Teast up

to 1,200m". (Druce, 1876, 44.) Using these values as the standard
this would mean a difference of nearly six degrees C. mean temperature
between the Towest altitude quadrat sampied (897m) and the highest
altitude quadrat (1,855m). Freezing level is described by Coulter

I

(1976) as occurring "at approximately 3,500m an average (it ties bet-

A

ween 2,800m and 4,200m for about two-thirds of the time) in mid

summey while in mid winter the corresponding levels are 1,750m
(1,150m, 2,350m)". (Ceulter, 1978, 52.)

Precipitation is related to temperature in that "the degree
of saturation of a given air kody increases as its temperature
falls and with increasing elevation the dewpoint (that is the
temperature at which condensation cccurs and-cloud forms) depends
on the temperature lapse rate and the initial moisture content".
(Whitmove, 1975, 209.) Thus it is generally accepted that
precipitation increases with increasing altitude although the
relationship is not simple with much local variation due to local
topography and conditions. Coulter (1976} notes that the mean

L]

annual rainfall for Taranaki" amounts to about 1,500mm near the

North Tarariaki coast., around 1,100 to 1,.300mm near the South

o

increases more or less paraitlel with the

[

Taranaki coast, an

contours of laend to about ©,500mn at the 1,000m level and probably
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about &.000mm near the 2,000m Tine, but with somewhat more rain

i

on the northern and western "!opes than elsewhere". (Coulter, 1976,

.) This would mean a difference of approximately 3,500mm between

¢ lowest and the highest guadrat sampled on the York Road Track.

Wind velocity or rather expesure to wind also increases with
incressing altitude. Coulter (1976) gives estimates of average

wind speed for Stratford 300m a.s.1. of 1lkim per hour and for the
summit of Mt Egmont 2.,518m a.s.1. of about 4Ckm per hour. These
estimates indicate that the differences between the lower altitude
and upper altitude quadrats in terms of wind exposure woqu be
marked.

Overall a great range of environmenta! Tactors change along
the attitudinal gradient only some of which (for example temperature,
wind velocity and precipitation) have been estimated at various
Tocations on Mt Egmont. WNo reliable climatological data is avail-
able at all for the majority of sites sampled aithough slope,
aspect, and substrate conditions were recorded. It is alse
recognised that the volcanic history of Mt Eemont and in particular
the recent ash and Tapilli showers (Burrell Formation dated 1655 A.D.
according to Neal! (1976)) have affected vegetation composition at
some of the Tocations sampied. These effects have aiready heen
noted in Chapter 2 (See Druce, 1964, 196e) and add further
complexity to the environmental gradient described.

The approach of this study then is one of direct gradient
analysis using altitude (height above sea Tevel in metres) merely
as an index of sample pesition along a complex environmental
gradient in which temperature decrease, precipitaticn increase,

1 4 to be the major faectors

and wind velocity increase are assumec

underlying a general environmental deterioraticn.

<



Chapter 5

SITE DESCRIPTION OF THE YORK RCAD TRACK RIDGE

The York Road Track Ridge was selected as suitable For sampling
for a number of reasons,the prime one being that hetween 1,087m
a.s.l. and 1,489m a.s.1. at least,it dispiayed a relativaly regular
increase in elevation. Coupled with this it seemed possible to
hold other factors such as aspect, drainage conditions, substrate,
and degree of exposure to wind relatively constant throughout the
length of the ridge. Other factors influencing the selection of
this ridge for sampling included access and the proximity of hut
accomodation at each end of the ridge. The York Road Track Ridge
is Tocated in the eastern sector of Egmont Natiocnal Park between
G.R. 647750 and G.R. 632669 (N.Z.M.S. I Stratford Sheet N 119)

(See Figures 1 and 7). For the purposes of this study sampling

was continued past the end of the York Track but following the

same and adjacent ridge to G.R. 632654. Sampiing took place between
an altitude of 897m and 1,855m,an increase of 958w in a 2,700m
traverse. The details of these semples and their locations are
summarised in Table 7 and Figure 1.

The section of the York Road Track Ridge beginning at 875m rises
gradually at first (1:7) to the York Road Hut (Waipuku) and
Maketawa Track Junction. There is a more sudden increase in
elevation (1:2) in the are> known as Quarry Bluff where & large
section of exposed rock and gravel detracts from the general
vegetation pattern and subsequently has not been sampled. Past

history of human etdwity at the nearby quarry site abandoned
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Table 7.

Location snd Description of York Road Track Ridge Samples

. Attitude IDifFference|Altitude|Area / Aspect |Mean | Location Notes
in metres in metres|in feet |Length Slope
Angle
1 | 1855 6090 {Ssq m ILH.E. | 28°
2 1797 58 | 590« S5sq m K.E. 33°
3 | 1751 46 5750 |5sam M.E. | 159
4 1706 45 5600 5sq m N.E. 15° Adjacent to Lion
Rock
5 | 1584 122 5200 |5sqm N.&. | 30°
6 1547 37 5080 bsgqm N.N.E. 270Y Addacent to Warwick
Castle
7 | 1489 58 4890 |5sqm E.N.E. | 20°
1416 73 4650 50m N.E 20° |20m above Reund-the
~-Meountain Track
Junction
° 1355 61 4450 40m N.E. 10° [40m below Round-the
~Mountain Track
dunction
10 | 1325 30 4350 |40m  N.E. 7°
11 | 1294 31 4250  |40m  M.E. 7°
12 1261 33 4140 10sq m N.E. 15° Mariganui Ski Lodge
siting
13 | 1218 43 4000 |10sq m E. 7°
14 | 1176 42 3860 | 10se m C 18°
15 | 1145 31 3760 |10sq m E. 4°
16 1087 58 3570 10sg m N.E. 30° Top of Quarry Bluff
17 999 88 3280 |15sq m E.N.E. | 30°
18 959 40 3150 20sqg m N.E. 2% INear Maketewa Track
Junction
19 897 62 2945 20sqg m E. 20° |400m below York Road
(Waipuku) Hut
20 959*R 3150 10sg m E.S.E 50 Dray Track Entrance-
egeneration sample
In additien Ground Cover only
21 | 1337 4390 sq m E.N.E. | 22°
22 | 1349 4430 Bsq m L. 4°
23 | 1396 4550 5sq m & 59




since 1923 and previously much higher goat populations may have
contributed to these differences. From the top of Quarry Bluff
the vegetation cover resumes and the ridge beccnes narrower,
steep-sided, and more clearly defined. Increase in elevation is
once again steady althoush the gradient is greater than ncar the
York Road Hut (1:5.5) and continues almost unbiroken to the Round-
the-Mountain Track. Exceptions are sections of the ridge ahove

Quarry Bluff which undulate gently to form several hollows

63

which are more sheltered than the rest of the ridge at this altitude.

Care was taken to avoid these sites. Alter a siightly steceper
climb (1:4.5) 500m beforeveaching the Round-the-lMountain Track the
increase in altitude is particularly even on the secticn of ridge
up to the Round-the-Mountain Track in which the shrub species

gradually give way to Chionochloa rubra and . ' herb species.

Above the Round-the-Mountain Track the gradient becomes steeper
(up te 1:4) and it becomes increasingiy difficult to hold degree
of exposure, drainage and substrate factors constant. As a result
the ridge which is in fact the continvation fo the York Track
Ridge was eventually abandoned at 1,547m and sampling continued

on the adjacent ridge 6O®m north up to an alitude of 1,8556m. The
substrate factor in particular became impossible to hold censtant
so that the elevation interval between samples 4 and 5 reaches
122m in order to avoid a steep region (1:2 in places) of solid
rock outcrop and its associated change in drainage conditions.
Even with the cimission of such sites from 1,48%m onwards it
became increasingly difficult to maintain defined sampling proced-
ures, and this will be brought out fully in examining the results
of these higher altitude samples. Therefore in terms of the

established sampling procedure samples 5 to 20 can be considered
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as satisfying all criteria and overall the York Road Track Ridge
can be viewed in terms of three major sections: the lower

section including samples 19 and 20 with the most gradual increase
in elevation; a middle section above Quarry Bluff and below the
Round-the-~Meuntain Track including sanmples 9 to 17 exhibiting

a more rapid but even increase in elevation with exception of
several hellows near the top of Quarry Bluff; and an upper section
including samples 1 to 8 with an even greater gradient in which
the probiems associated with substrate, degree of exposure, and

drainage conditions eventually became impossible to hold constant.



Chapter 6

RESULTS AND ANALYSIS

York Road Track Ridge Species Distributions

Canopy Species > 50 Importance Velue

The distributions of cancpy species with > 50 1mportance values
between 897m and 1,855m on the York Road Track Ridge are summarised
on Figure 8. There is a cleer progression of species dominance
with increasing altitude and a varying cdegree of association
between species. The altitudinal range of t. racemosa is shown
in part only but it is clearly the most important species in the
897-920m altitudes with a maximum importance value ¢f 80. P. hallii

and G. littoralis show a high degree of asscciation

(r=+0.984 p = 0.001) with the species reaching peak importance
values of 89 and 68 respectively at 959m. Griselinia overshadows
Podocarpus in importance only once at 1,087m and by only one
importance value unit. The reason for the species association 1is
obvious for in almost every quadrat where the two species appear
there is evidence that Griselinia began as an epiphyte on
Pedocarpus eventually overtopping Podocarpus to reach the canopy.
Whether this is a logical progression ending when Poducarpus
becomes senescent, or whether the death of Podocarpus results

from the overtopping by Griselinia rvequires Turther examination.

With increase in altitude S. elacagnifelius takes over from
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p. hallii reaching a maximum importance value of 90 at 1,176m

and giving way in turn to D filifolium and C. vauvilliersii

both reaching maximum importance values of 75 and 52 respectively
at 1,3256m. C. rubra first recorded at 1,218m amongst the smaller
shrubs gradually becomes dominant reaching its maximum importance
value of 100 at 1,410m. A further 42 metres of elevation sees

the Tast of the shrub species and the beginnings of the decline

of Chioncchiloa domingnce. By 1,547m (. pumila has reached its
maximum importance valtue 68 and Chionochlca is no longer represent-

ed. At this point P. colensoi and Rhacomitrium spp. are becoming

important components of the top stratum, Rhacomitrium spp. reaching

their maximum importance value of 63 at 1,75Im and P. colensoi
peaking with an importance value of 109 at 1,85tm. Helichrysum
sp. (unnamed) exhibits a fluctuating distribution with a maximum
importance value of 147 at 1,797m and this is probably due to

its sensitivity to changes in substrate and drainage conditions

at these higher altitudes. As well as the obvious association

of Podocarpus and Griselinia the distributions of DracophyTlum

and Cassinia are significantly correlated (r = + 0.820 p = 0.001).
The strength of the association is not as great as that of

Podocarpus and Griselinia however with the Dracophyllum more

“important at Tower altitudes and the Cassinia's upper altitudinal

linit extending above that of Dracophyllum. Both species reach

prominence in gquadrats near the upper limit of S. claeagnifolius

and the lower Timit of C. rubra pessibly as the result of
competitive release as Senecio reaches the margins of its tolerance
and Chio chloa is still unable te compete successfully with the
shrub species until the advantages of its greater tolerance to

altitude (temperature, etc.) becomzs appavent at higher elevations.
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The shape of the distribution of Dracophyllum and Cassinia wedged

between Seriecio and Chiomaloa appears to point to the fact that

the altitudinal space available between the cptimum locaticons for
Senecio and Chionochloa is very limited. The difficulty of holding
environmantal parameters conctant at higher altitudes are well

illustratea by the distributions of Coprosma pumila, Rhacomitrium

spp. helichrysuin sp. (unnamed), and P. coiensoi particularly in

the top three quadrat samples (1-3) where degree of exposure,
sfope angle, and drainage conditions appear responsible for the
greater degree of fluctuation of importance value apparent at
these elevations. In summary the major features of these species
distributions are: the gradual progression as one canopy (top
stratum) species takes over from another reaching its maximum
importance value and giving way until it is no longer represented
in the top stratum; the generally unimodal Caussian type species
distributions; and the lack of species association with the

exception of Podocarpus and Griselinia and Dracophyllum and

Cassinia.

Canopy Species <50 >20 Importance Yalue

Distributions of species with Impartance Tess than 50 but
greater than 20 are summarised on Fig. 9. Like the species with
Importance Values 2>50 there is a clear prograssion of species
dominance with increasing altitude. The altitudinal range of
C. serratus is shown in part only with its upper Timit occurring
at 959m. P. colorata is first recorded at 999m, where it reaches
its maximum importance value 44, and declines in importance
untit at 1,145m it is ro Tongar represented in the canopy.

P. simplex var. sinclaivii is also recorded first at 992m but its

distribution extends much higher finishing at 1,2%94m and with its
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maximum importance value 26 occurring at 1,176m. H. stricta
js first recorded at 1,087m where it reaches its maximum importance
value of 34. Its distribution is bimedal with a second peak

impertance value 25 occurring at 1,176m. Its Tast eccurrence in

Y

the canopy is at 1.218m. M. divaricata and C. pseudocuneata ar

)

both recorded first in the canopy at 1,118m hewever Myrsine cut

(€2}

out at 1,2%94m while Ceprosma is last recerded at 1,416m. Fyrsine
reaches its maximum importance value 21 at 1,176m and Coprosma
impertance value 36 at 1,26lm. P. Taevis is first recorded at
1,2%4m and increases in representatien until 1,416m where it
achieves its maximum importance value 39. It then declines in
impertance being Tast recorded in the top stratum at 1,481m.
The Tast species distribution depicted on Fig. 9 is that of

F. bidwillii var. densifolia. Its distribution is bimodal and

skewed probably the result of the inability to hold constant
substrate factors in sampling the upper'quadrats. Forstera is
first recorded at 1,48%m, reaches its maxiumum importance

value 30 at 1,751m and is still represented in the upper quadrat

at 1,855m.

Canopy Species <20 Importance Value

Distributions of species with importance values <20 are

.

depicted on Fig. 10. C. tenuifolia is first recorded at 99%m,

achieves an importance value of 7 at 1,087m and 1,118m and is

last represented at 1,145m. Coprosma sp. (unnamed) achieves

similar importance values but its distribution is much wider

extending from 95%9m up to 1,176m. H. odora is represented in the

canopy between 1,176m and 1,547m wut its distribution is uneven

reaching an importance value of 16 at 1,26lm declining to prasent
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only at 1,294m and then increasing again to its maximum representation
jmportance value 18 at 1,416m. The Tast representation of H. odora

in the canopy at 1,547m 1is significant in that it is the upper
altitudinal Tlimit for shrub species although the majority of the

other shrub species rarely extend past 1,355m. The uneven distrib-
ution of H. odora could be in part caused by the fact that it

extends into the tussock dominated cuadrats thus increasing in
representation again as it competes with Chionochloa_but eventually
reaching its upper tolerance limit in terms of altitude (tempera-

ture etc.). A. aromatica,C. gracilenta var., C. glandulosa var..

latifolia, and D. dieffenbachii_are all recorded in the top

stratum first at 1,489m although this degree of distributional
coincidence is in part enhanced by the Targe altitudinal interval
between quadrats 7 and 8 and the fact that the canopy (top stratum)
category is no longer separable from the ground cover stratum.

The distributions of A. aromatica, C. gracilenta var., and D.

dieffenbachii extend to the uppermost sampte while C. glandulosa.

var. latifolia. both achieve maximum importance values of 18 and

15 respectively at 1,547m while C. gracilenta var. reaches its

importance value 17 at 1,706m and D. dieffenbachii_12 at 1,797m.

Species with Timited distributions.

A number of species distributions are not depicted on Figs.
8, 9, and 10 either because they have a very limited distribution
or because they do not achieve importance values above 5. These

include Luzula sp., Colobanthus sp., Epilobium spp., Pentachondra

Ranunculus nivicola, Oreobolus pectinatus, Euphrasia cuneata,
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Gunnera monoica var. monoica, Astelia sp. (unnamed), Gahnia procera,

—

and Ourisia macrophylla. The occurence of these species is

summarised on Table 8 which includes the altitudewhere their maximum
importance value was recorded. (See Appendix 2 for complete

Canopy Species List)

Table, 8. Species <5 Importance Value or single occurence
(Canopy Top Stratum)
- Importance Altitude in
Value Metres
Luzula sp. 2 1,584
Colobanthus sp. 4 1,751
Epitobium sp. 19 1,797 single occurrence
Pentachondra pumila 17 1,547
Lycopodium fastigiatum * 1,584
Geranium microphyllum + 1,489
Aporostylis Bifelia + 1,489
Festuca rubra + 1,489
Coriarie pteridoides + 1,325
Ranunculus nivicola 1 1,489
Oreobolus pectinatus 24 1,547 single occurrence
Euphrasia cuneata + 1,584
Gunnera monoica 8 1,584
Astelia sp. (unnamed) 2 1,294
Gahnia procera 1 1,145
Ourisia macrophylia 2 1,547

The distribution of species with importance values less than
20 highlights the fact that in the upper altitude quadrats a
greater number of species are represented in the category canopy

(top stratum). The categories adopted affect this apparent
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pattern in that the top stratum and the ground stratum are one and
the same at higher altitudes and the comparison of number of species
represented at upéev altitudes as compared to lower altitudes is not
a valid one in that the categorisation for the major part determines
the result. When the Tower altitude ground stratum species
diversity is compared with the upper altitude ground (top stratum)
diversity in fact the trend is the reverse with greater numbers of

species vepresented in the Tower altitudes.

Subcanopv and Shrubs > 25 percent Relative Density

Few subcahopy and shyub species achieve representation to the-

. Iy

extent of 25 percent relative density. The subcanopy and shrub
strata are rather characterised by the daminanceVof.P. colerata.
P. colovata consistently exceeds 50 percent relative density up
to 1.,087m in subcanopy and 999m in the shrub strata. P. hallii
is important as a subcanopy species at 99%9m and 1,087m reaching
its maximum density 100 percent in the Tatter site. This s the
last site at which cancpy and subcanopy were structurally disting-

uishable and the fact that only two individuals make up this

relative density val

s

i@ must be taken into account. The paucity
of species notably the more palatable ones characteristic of other

sites at simiiar altitudes (Coprosma spp. Alseuosmia macrophylia

etc.) and the dominance of P. colorata in these strata appears
to reflect previously much higher goat populations known te have
been centred near Quarvy Bluff. Shrub end subcanopy strata
’were no longer vecognised after passing an elevaticn of 1,087m
and from this point only the canopy (top stratum) and ground cover
are depicted on Figs. 8 and 12.

Species of comparatively minor importance in the subcancpy

and shrub strata inciude M. divaricata, P. simplex var. sinclairii,




NSITY

,.
w

D‘

LOG RELATIVE

Figure 11a

YORK RCAD TRACK RIDGE  Subcanopy

P. colorata — —
— e p—
—_— -
— — / T~ —— -

C.tenuifolia

'~"M.sclicinc/ Psimplex \./‘
]

! |

) ]
1000 1050

SL



DENSITY

RELATIV

Figure 11b

YORK RCAD TRACK RIDGE  Shrubs

P colorata
-~
~ - A )
e
~ — - \
e \
\
Coprosma sp.

C.tenuifolia -

= — g
200 950 1000
ALTITUDE IN METRES

{ ‘ §
1050 - 1100

S w3
;]

9L



c. tenuifolia, and Coprosma sp. (unnamed). Graphing log relative
density on the abscissa of Fig. llathe distributions of these
species 1s made easier to compare with the distributions of the

major subcenopy ana shrub species. C. tenuifolia is essentially

a lower altitude component of these strata being represented in
quadrats 17, 18, and 19 between 827m and %99m and never exceeding

a relative density of 4 percent. M. divaricata and Pseudopanax

simplex var. sinclairii share a similar distribution pattern both

reaching their maximum relative density of 4 percent in quadrat 18
959m a.s.1. Coprosma sp. (unnamed) reaches its maximum relative
density 15 percent in the shrub layer at 999m.

Perhaps the most important feature of all these distributions
is the fact that in most cases they represent the Tower altitudinal
range of the species concerned in that many become components of
varying importance in the canopy or top stratum from 1,087m onwards.

Thus for example P. simplex var sinclairii while only represented

at a maximwn of 4.87 relative density at 959m reaches importance
values of up to 26.68 at 1,145m. Shrub and subcanopy species
unable to reach the tep stratum (canopy) in the Tower altitude
samples because of competition from the larger tree species

P. hallii, W. racemosa, and G. Tittoralis eventually become part

of the canopy in higher altitude quadrats.

Ground Cover 225 percent Relative Cover

The distribution of ground cover species exceeding 25 percent
relative cover is summarised on Fig. 12. Again there is a clear
progression of species dominance moving from &%7m to 1,855m a.s.1.
P. colorete has its maximum relative cover 52 percent of 897m and

from there. declines in importance until it is no longer recorded

77

at 1,118n. Astelia sp. (unnaimed) a species which has a particularly
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wide distribution from 897m to 1,337m then becomes dominant reaching
a maximum relative cover of 54 percent at 1,118m. In turn it

v

gradually gives way to B. capense which peaks at 1,337m with a

relative cover of 55 pe“ce;u. From this aititude the ground cover
species ave the canopy or top stratum species and their distribut-
jons have already been described. However on important feature of

the distributions of these species is that their distribution in

the category ground cover is wider than in the canopy (top stratum)

category. C. pumiia, Helichrysum sp. (unnamad). and Rhacomit rium

sp. all form a substantial part of the ground cover categovy ai

940 EN

1,337m, at which altitude C. rubra dominates the top stratum. The

species distributions in the ground cover category thus parailel
the pattern ebserved in the canopy with a progression of unimodal

‘'curves' as one species takes over from ancthey with increasing

York Road Track Ridge Canopy Species Covrelation
¢ Py

oA

The use of the Linear Regression Model for testing Species

Association
There are several assumptions fmplicit in the use of the linear

regression model (end in particular Pearson's Product Moment
Correlation Coefficient) and these are summarised by Posle and
0'Farrell (1970). Twe of these assumptions are particularly
retevant to vegatetion date enaliysis in the sense that they may

be difficult to meet.

They are: 1. that the distribution of the variables to be

& J A

correlated have a joint normal distribution and that t

variance of one variable given the other is the same



and 2. that the relationship between the two variables is
linear.

Few of the species correlations performed in the Titerature on
vegetation analysis seem to take full account of the assumptions
to be met before employing the Tinear regression model and
consequently the conclusions obtained regarding species correlation
may be innacurate. With regard to the first assumption listed
Goodall (1973) notes that "ecological deta is often very far from
being normally distributed - in fact, & distribution curve with a
mode substantially below the mean is usual - and in this case,
though the correlation coefficient may provide acceptable measure
of association, its distribution is unknown, and to rely on
published tables may lead one far astray". (Goodall, 1973, 119.)
With regard to the second assumption listved Goodall (1973),

notes that non-linear relations between species are not uncommon
and "that where observations cover a fairly wide range of ecological
conditions, different species may occur in maximum quantity at
different environmental values, and decrease both above and below
this optimum. Where the modes of the two species do not coincide,
this means that a lTinear model may fail to reveal the relationship
between them". (Goodall, 1973, 126.)

It is possible to correct for situations in which data does
not fulfil the assumptions of the linear regression model in some
instances. Possible compensations for 1) include normalising the
data by transformation or the use of a non-parametric statistic for
example Spearman's Rank Correlation Coefficient which makes ro
assumption regarding the nature of the variable distributions.
Possible compensations for 2) include linearisation of the data
using a logarithmir or polynomial (quadratic) function or the use

of non-linear statistics. An examination of the data matrix and
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graphs of species distributions for the 30 major canopy species

on the Yerk Road Track Ridge revealed problems as far as meeting
these two assumptions of the linear regressicn model was concerned.
The calculation of the species corvelations was thus carried out
with the assumptions in mind and where possible data transformation
was attempted. The possibilities for transformation have not been
exhausted however as wany of the alternatives, in particular the
use of non-linear statistics and higher ordey polynomial transform-
ations, are beyond the scope of this study. Keeping this in

mind species correlation coefficients were calculated first using

o !

the unmodified guantitative data (Pearsons Product Moment Correla~-
tion Coefficient), second after natural Togarithmic transformation
(Peavsons Product Moment Correlation Coefficient) and finally

using ranked data (Spearmans Rank Correlation Coefficient).

Results were then compared to determine whether or not the differ-
ent methods detected different patterns of statistically significant

oJa

species correlation. The patterns proved to be similar with the

most noticeable difference an increase in the number of statistic-
ally significant correlations between species where the natural
logarithmic transformation and Spearman Rank Corvelation Coeffic-

ient were concerned. The number of statistically significant
correlations p = K 0.005 increased from (30) in the unmodified

data to (56) and (#4) for the natural Togarithmic transfermation

and Spearmans Rank Corretation respectively. The trend is an
important one in that it suggests that the logarithmic transforma-
tion in particular has in part corrected the tendency to non-linearity

in the data subsequently increasing the number of statistically

significent species intercorrelations (increasing the cohesiveness
of the clusters identified) in the species clusters identified.

In the use of Spearmans Rank Correlation the increase in



statistically significant species correlations are more the result
of the conversion of quantitative data to rankings and the subse-
quent Toss of detail. To offset this however the use of this
non-parametric statistic requires no assumptions be met regarding
the nature of the variable distributions.

The species groupings or clusters identified are presented
with the cauticn that the assumptions of the Tinear reygression
model are not et totally in each of the three cases. However
the overall degree of similarity in the pattern of species correl-
ation detected supports the suggestion that the groupings identified

are natural ones based on similar altitudinal distributions of the

species involved.

Canopy Species Correlation Pearsons Product Moment Correlation

Coefficient (unmodifiecd data)

Calculation of the Pearsons Product Moment Correlation
Coefficient to test the statistical significance of association
amorigst the 20 major canopy species (determiried by importance
values 2% or with > 2 occurrences in the cancpy) reveals soms
statistically significant species asscciation. Species correlations
achieving the normally accepted significance level p = €0.005 are
depicted on a linkage analysis Fig. 13 employing the method of
McQuitty (1957). Five species clusters are formed at this level
of significance and they are ecolegically meaningful in that the
species clusters obtained are of species with similar altitudinal

distributions. Cluster @ 'consists of W. racemosa and C. serratus.

Cluster 2 includes a range of middie altitude tree and shrub
species Cluster 3 includes three shrub species which tend towards

the upper altitudinal Vimit for shrub species (C. vauvilliersii,
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p. filifolium, and P. colensoi) and the major species from the

tussock dominated quadrats. Cluster 4 is comprised of upper alti-
tude herbfield species and is a more cohesive group in that there
are many interconnections (significant positive correlations)

.

between the group members. The final cluster, Cluster 5 is compris-

o

ed of two species only (Helichrysum sp. (unnamed) and Montia sp.)

both represented in the extreme upper altitudinal gquadrats. In

total there are 30 statistically significant species correlations

b
QL

o~

(p = £0.008) out of a possibie of 435 and further to this a total

[

£

of 7 of the 30 canopy are signficantly associated with only one

other species. (See Appendix 2.) The W. racemosa - C. serratus

positive association results from the almost identical altitudinal
distribution of the species throughout the tower altitude quadrats
a]thbuah it must be noted that the complete distribution for these
species has not been sampled. Therefore thesignificant correlation
mey simply result from this fact a?though field observations in
sites Tower than those formally sampled supports the correlation
obtained. The species correlations in Cluster 2 as a whole are
ecologicatly meaningful in that there is a logical grouping

together of Griselinia and Podocarpus from the upper forest which

is connected via the Griselinia - Pseudowintera correlation to the

lower altitude scrub species and then via the Hebe stricta -

Coprosma sp. (unnamed) correlation to the upper altitude scrub
species. MWhen only correlations of £ p = 0.001 are considered
cluster 2 divides logically into these three sub groups. Like-
wise the snecies correlations in cluster 3 are ecologically
meaningfui. The shrub species found at the upper altitudinal

Timit of shrubs are connected via the Cassinia - H. odora

corretation to the tussock species. When only the correlations
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significant at p = 0.001 are censidered cluster 3 divides Togicaily
into two subgroups the upper altitude shrub species and the

tussock species along with Hebe odora. The species intercorrela-
tjons in the herbfield cluster 4 are more complex and appear teo

be relatad not only to altitudinal Timits but also to substrate

[ %]

o

conditions although this is difficult to prove without further

3.
e

investigation. The correlation of Anisctoms , C. alan

2

latifolia, Rhacemitrium spp. appears to be moisture based in that

these three species tended to occur together in pocrer drained
sites in upper altitude quadrats. It is also mossibie that the

intercorretfations betwsen Gaultheria, C. aracilenta var.

3

Drapetes, and Forstera represent drier substrate conditions.Howevey
the pattern is not straight forward and the patte
ation could also be partly xp1¢1ncd purely in terms of al

with C. var. latifolia for example distributed at Tower altitudes

to C. aracilenta var. When only covrelations significant at

p = 0.001 are considered Luzula sp.and C. pumila form & sub-

group apart from the rest of the herbfield species. A possible
explanation is their éccurrence ¢n sites exhibiting ridge -~ hollow
terracing. Overall the species correlations in this herbfield
cluster 4 are complex and any explanation in terms of altitudinal
Timits alone is difficult because of the influence of other
factors such as substrate conditions. The corralation of

HeTichrysum and Montia appears to result from their similar

distribution centred on the upper most quadrats and in the unstable

substrate cenditions on scree slopes



capopy Species Correlation Pearsons Product Foment Correlation

(pnatural logarithmic transfornation)

The data was transTormed to natural logarithms and again
Pearsons Correlation Coefficient was used to cetermine the number
of statistically significant species associations. (See Appendix
3.) The correlaticns which achieve the generally accepted signif-
icance Tlevel p = £0.005 are depicted on a linkage analysis in
the same way as the unmodified data (See Fig. 14). At this leve?l
of significance only two species clusters are defined the first
a cluster comprised of intercorrelated herbfield species and the
second a cluster comprised of intercorrelated shrub, tussock,

and forest species.  The natural logarithmic transformation thus

has the effect of increasing the number of statistically significant

correlations {from 30 to 56) and consequently causing 'chaining'
of the clusters previously delineated in the unmodified data.

The same overall pattern of species association is thus apparent,
for example the highest correlation coefficients (those approach-
ing closest to 1.00) are exhibited by the same species pairs as in
the unmodified data. ‘As well subgroups or noda where a higher

degree of intercorrelation occurs within each of the clusters

87

identified correspond with the clusters delineated in the unmodified ¢

data. MWhen positive correlations significant at p = < 0.001
only are considered three species clusters are apparent the first

composed of t{wo forest species G. littoralis and P. hallii, the

second all the remaining forest and shrub species, and the third
the herbfield species. Again the pattern of species intercorrela-
tion appears to be ecologically meaningful in that species with
similar altitudinal distributions are grouped togecther and

"chaining' within clusters occurs in a logical progressicn from
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lower @ltitude species through to higher altitude species. The

pattern of intercorrelation in the herbfield cluster is more

complex because of the otten mentioned difficulty in holding constant
other factors including substrate conditions. The same patterns
described for the unmodified data appear applicable in that partic-
ularly when corrvelations significant at p = € 0.001 only are con-

sidered simil ar noda of species intercorrelaticn are apparent.

Canopy Species Correletion Spearmans Rank Correlation Coefficient

Finally Spearmans Rank Correlation Coefficient was calculated
for each of the 435 possible species combinations and the statis-
tically significant p = £ 0.005 species associations are listed in
Appendix 4. Spearmans Rank Correlation Coefficient uses ranked
data and thus the quantitative species data collected was reduced
to species rankings consequently suffering a lToss of information
and simplifying relationships. The advantages of this approach
have already been described. At the p = £ 0.005 significance
level two species clusters only are delineated both identical to
the Togarithmic transformation result with vregard to cluster
membership and very similar with regard to the pattern of inter-
correlation. Again the overall pattern of species association is
.the same as that of the unmodified data with the highest correla-
tions exhibited by the same species and subgroups or noda where a
high degree of intercorrelation occurs corresponding to the
clusters indentified in the unmodified data. The conversion of the
data to ranking doubled the number of statistically significant
species correlations causing an even greater degree of 'chaining'
of the clusters delineated in the unmodified data. Two clusters
are apparent until the p = 0.004 significance level at which point

W. racemosa and C. seryatus separate to form a distinct cluster.
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No further clustersseparate by continuing to increase the signifi-
cance level accepted for cluster definition but the number of inter-
connections er degrece of cohesiveness decreases as more rigorous
levels of significance are set.

Each of the Tlinkage analyses described has the same basic
pattern in which clusters of species with similar altitudinal
distributions can be identified. The species associations are of
two main types first where one species distribution tends to
parallel that of a dominant species (dominant - subdominant) and
second where two species share similar altitudinal distributions

and are codominants for example W. racemosa -~ C. serratus in the

first instance and G. 1ittoralis - P. hallii in the second instance.

The total numher of statistically significant species associations
appears to be much higher than that generally reported in direct
gradient analyses. This appears in part at least to be a function
of the gradient range and of the altitudinal interval employed,
possibilities discussed in Chapter 7. Further to this the relatively
high degree of species association also points to the fact that a
classificatory strategy in which clusters or groups of species
which associate (associations, communities) together are identified
is the most useful approach for this data. Finally the clusters

or groups identified appear to be 'natural groups' rather than
artifacts of the data and thus support in part the discrete

conmunity type hypothesis.



91

York Road Track Ridge Species Physiosnomy

Total Canopy Cover and Maximum Canopy Height

1

Both Total Canopy Cover enc Maximum Canopy Height are quant-
itative expressions of a whole range of physicgnomic and structural

changes which take place aitong the altituding! gradient. {(See Fig.
15.) Meximum canopy height decreases with increasing altitude from

the highest

o4

dominated quadrat at 897m through to Sems max. canopy height

recorded in the Helichrysum sp. dominated quadvat at 1,797m.

Maximum canopy height was selected to represent the differences
in canopy height through altituce beaau e it could be determined
repidly wherezs mean canopy height or range of canopy height would

have involved multiple estimations of canopy height. In most cases

fD

maximum canopy height is a reflection of one or two dominant speci
which achieve the greatest stature at any given quadrat. Thus

in the Tower forest quadrats the maximum cancpy height is usually
exhibited Wy Weinmannia or emergent Podocarpus while in the shrub

dominated quadrats the maximum canopy height is exhibited by

S. elaeagnifoiius. The maximum canopy height may in fact be an

extreme value in that it may only be exhibited by a minority of
the canopy species in terms of relative cover or relative density.
For this reason major changes of slope on the Tine representing |
meximum cenopy nheight are clear cut. From 897m through to 1,118m
the major cencpy species recorded for maximum canopy height was

P; hallii and it declines steadily from 13m to Zm. From 1,118m

to 1,218m P. hallii is no Tnnger emevrgent above the rest of the
canopy and in fact is more part of a ciosed canepy in which

agayg us i aginning to dominate. By 1,218n S.elacagnifoli
S.elasagnifolius 1s beginning to dominate. By 1,218n S.elacagnifoli

maximum canopy height of 13m recerded in the W. racemosa
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clearly dominatesand thus the maximum canopy height recorded
again shows a steady decline until 1,547m. At this point C. rubra,
which shered the maximum canopy height with Senecio in the upper
shrub quadrats and then replaced it in the tussock dominated
quadrats, reaches its upper altitudinal Timit. From 1,547m onwards

the maximum cancpy height is that of the ground cover stratum

including Poa colensoi and Helichrysum sp. Key points along the

line representing meximum cenopy height are therefore where Senecio
replaces Podocarnus, where Chicnochloa finally dominates Senecio

in terms of maximum canopy height, and Where Chienochica reaches
its upper Timit and is replaced by the much smalier herbfield
species.

Total Canopy Cover tike Meximum Canopy Height refliects the
changes in species composition and their subsequent effects on
physiognomy and structure of the vegetation. (See Fig. 15.) In
the Tower altitude forest where Weinmannia and Podocarpus
adgominate there is a deal of Tluctuation in the total canopy cover
which appears in pavrt to reflect the growth habits of these two
species (the tendency for Weinmennia to form a more closed canopy
as compared to the emergent Podocarpus). Thus the relative composit-
ion of these major species appears to be reflected in total canopy
cover with the highest value in the Tower altitude forest; 96 percent
occurring where Weinmannia 1is clearly dominant. Total Canopy cover
thus decreases as Podocarjus become dominant between 959m and 1,087m.
Then as Podaocarpus decreases in dominance and more and more shrub
species are represented in the canopy (top stratum) there is a
tendency for much higher total cover values. Thus from 1,087m
onwaras as Senecio joins the canopy, Podocarpus is no longer emevrgent,

and Griselinia is more of a Tow growing spreading shrub, total
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cahopy cover values consistently reach above 9C percent. From
1,261m onwards the shrub species begin to reach their upper Tlimit
and as the relative proportion of tussocks increases total cover
values for the top stratum decrease to 70-80 percent. From this
point the definition of the top stratum becomes critical for the
tussocks decrease in stature until they begin to merge with smaller

herbfield species such as Celmisia sp. and Helichr sum sp., in

other words the ground stratum. Thus if the category top stratum
is retained strictly until this change over is complete and the
ground stratum is in fact the top stratum total coveyr steadily
declines through altitude until by 1,797m a total cover of -.only
3 percent is recorded. This however conceais on important change
in vegetation pattern in that much of the decrease in total cover
at high altitudes is the resuit of the harsher environmental
concitions, the inabitity of species to colonise and survive, and
the increasing area of "uncolonisable® rock. At the point where
the tussocks of the top stratum and the ground cover species

become difficult

o

0 separate the total ground cover

reaches above %0 percent and includes many of the same herbfield
species which only achieve total cover of 20 percent or less above
1,547m. This pattern is however outltined in detail in the discussion

relating to Total Ground Cover.

J

To summarise then the major changes 1in total canopy (top
stratum) cover through altitude relate te the species composition
at any given altitude. There is a tendency for much higher canopy
cover to occur in the shrub dominated quadrats. Total cover decltines
as the shyub species upper Timit is reached and the tussoclks become
dominent. Finally the herbfield species reach maximum cover between
1:.48%m and 1,547m and progressively decline as conditions become

more extireme towards 1,855m The Towest total cover of 3 percent
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is recorded near a recent scree slide at 1,797m. Changes in physiog~
nomy and structure are also described in more detail in the

Sections on the Tree-Shrub and Shrub-Tussecck interfaces.

In conclusion it must be neoted that maximum canopy height and
total canopy are absolute values and tharefore give an indication
of total species biomass at each of the sites recorded. As neted
in Chapter 4 absolute measures have a greater ecolegical significance
than relative messures of species density or cover in that they
enable comparison of actual species biomass at each site rather than
just the relative species composition. The importance of this date

is obvious then for whereas the values for relative density and cover

(importance values) result in all quadrats sppearing to centain
equal totel quantitative values of species composition presentation

of the maximum canopy height and total cover data demonstrate the

marked differences in bicmass between the quadrats. The difference
between ltower altitude forests and upper altitude herbfields in
terms of bhiomess are extreme. The Weinmannis dominated quadrat

t 897m thus may be considered as a four tiered structure - cancpy,
subcanopy, shrubs and ground cover reaching up to 13 metres in
height with a total canopy cover of 96 percent and a total ground
cover of 65 percent. The highest altitude quadrat dominated hy
P. colensei in comparisen has only a single stratum of vegetation
reaching up to 5cms in height and a total cover of 13 percent. A
very approximate quantitative difference between these quadrats
in terms of plant biomass can be obtained by multiplying the unit
area occupied by vegetation by the meximum canopy height. At

897m and including the canopy only

a1

this is 598 cu metres / 25 sgm

_— 4 i A AKS Y g T vevey i Lo ol - Yoo
a8 comparec with 1.625 25 so metres in the gquaarat

at 1,855m. Total plant biomass thus decreases dramatical
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increasing altitude and although more floristic data than physiog-
nomic structural data has been collected in this study the

significance of the latter is fully recognised.

Total Ground Cover

ground covey is 65 pefcent but 1t declines steadily as the shyub

[%2]
e
o]
')
——t
(0]

ies begin to dominate from 959m onwards. Values as low as
15 percent are recorded in quadrats dominated by P. colorats and

S.elaeanifolivs. Total ground cover remains low until the upper

A‘b

altitudinat Timit of the shrub species is approachad (1,337m)

S

where it increases rapidly reaching a maximum value of 98 percent at

1,48%m. From this point onwards total ground cover declines again

g 4 '

rapidly to 1& percent at 1,584m and reaches its minimum at 1,797m
with only 3 percent total ground cover. Attention has already been
drawn te the fact that the definition of canopy (top stratum) and

greund cover (ground stratum) is critical at the point where the

tussocks merge with the smaller herbfield species. The two maximum
total ground cover values are recorcad in the quadrats where this
occurs and the repid decline Trom this point onwards appears to
result more from the unfavourable envivenmental conditicns of

4

higher altitudes and the consequent inability of species to invade

and colonise the higher gltitude siopes. In the quadrats where the
separation of the canecpy and ground stratum is clear cut there is

an inverse velationship between total canopy cover and total

ground cover. Three factors appear to contribute to this relation-
ship. The fivst is the obvicus Himiting of total ground cover caused
by a close~knit canopy reducing the amount of 1light reaching the

o

ground. The second is the different growth habits of the Tower
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altitude ground cover species for example Astelia nervosa and

Biechnum discolor with their more robust growth forms would be

expected to achieve much greater coverage than the much smaller

species A. aromatica, 0. macre, hytla, R. nivicola, and Celmisia spp.

o

growing at higher altitudes. The third possible factor is the

shrub canopy fleristic composition. D. filifolium for example

1

produces a litter of dead 'needles' which appear to inhibit the

ground covey growth. . The fact that D. filifolium forms such a

ctose knit canopy may be an inhibiting factor as well however the
effect of the needle Titter deserves more detailed investigation.
To summarise the overall ground cover pattern is one of increasing
total grourd cover with decreasing total canopy cover. Beyond
1,584m however the more unfavourable envirvonmental conditicns
begin to show their full effect and total ground cover decreases
markedly with increasing ailtitude. The minimum total ground cover

percent at 1,797m occurs where recent scree movement

o

recorded
has obviousty affected the degree of coverage achieved by the

vegetation.

Tree-Shrub Intevrface

In ordey to examine more closely the discontinuites in cancpy
species compasition, physiegnomy, and structure apparent at the
tree-shrub interface data from four locations, Lake Dive, North
Egmorit, Dawsen Falls, and York Road is presented on Figures 16,
17, 18, 19, 20, 21 and 23. This includes Canopy Relative Density,
Canopy Maximum Height, Number of stems per 100 sq m, and Vegetation

Stratification, Quadrat data for slope angle, gradient, aspect,

3

snd gltitudinagl range is summarised on Table ¢ and the altitude

for each guadrat is Tisted in Table 10.
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Fipure 16
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Table § . Tree-Shrub Interface Quadrat Environmental Date
Novrth Egmont (Figure 16) 10, 22° N.E. 1:5.63 2972m
York Road (Figure 17) 17.00° E. 1:6.47 198
Dawseon Falls (Figure 18) 8.50° S.E. 1:4.93 163m
. : 0 . : .
Lake Dive (Figure 19) 13.80 5 1:2.64 152m
4 42 w
3 feed o=
S- gy @ a e 3
o o SR bl hW R 3
O o b R
5 & g 28
(g o N C__‘,§ -S bol
e

Comparison of Canopy species reveals major differences in speci

(]
0

compTemenuﬁ rate of change in dominance from tree species to shrub
species with increase in altitude, the relative density of species
at comparable altitudes, and the overall altitudinal range

of species at the four Tocations.

Lake Dive Track Ridge

The major canopy species represented at the Lake Dive Tocatior

are P. haliii, L. bidwilli, G. Tittoralis, P. simplex var. sinclairii,

0. ilicifolia, and S.elacagnifolius. (See Fig. 19.) At the

Tower altitudes 974m -~ 1,035m P. hallii dominates with a maximum

fe]ative density of bbpercent at 974m. 6. littoralis which
parallels the Podocarpus distribution but is subordinate to it up
to 1,035m becomes dominant at 1,066m reaching fts maximum relative
density of 42 percent. Griselinia is V@p? ced in turn by Olearia
dilicifolia at 1,09m with a relative density of 29 percent and

S.elaeagnifolius dominates at 1,127m with a relative density of

60 percent. Thus the progession of dominance by one canopy species
and its vaplacement by another resuits in & change from Podocarpus -

Griseiinie - Libocedrus forest to Senecio dominated scrub. This




Teble 10.  Tree-Shrub Interface Quadrat Altitude
Altitude
Feet Metres
York Road
1 2,945 897.24
2 3,150 959.70
3 3,280 999.30
4 3,570 1.087:66
5 3,760 1,145.55
Dawson Falls
6 3,600 1.096.80
7 - 3,500 1,066.33
8 3,380 1,029.77
9 3,270 996.26
10 3,170 G65.79
11 3,065 933.80
North Egmont
12 2,865 827.87
13 3,005 915.52
14 3,200 074.93
15 3,305 1.,006.92
16 3,410 1,038.91
17 3,550 1,081.56
18 3,600 1,096.80
19 3,660 1,115.08
20 3,825 1,165.35
21 3,200 974.93
22 3.300 1,005.40
23 3,400 1,035.86
24 3,500 1.066.33
25 3,600 1,096.80
26 3,700 1,127.26

101
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change is complete by 1,127m, however the actual tree line defined
in terms of a change in growth habit or physiognomy occurs at approx-

imately 1,081m. One species distribution, that of G. Tittoralis,

detracts from the floristic discontinuity in that it extends into
the Senecio dominated scrub. However physiognomically it adepts

the shrub growth form. Libocedrus bidwilli is represented in

the canopy between 1,005m and 1,096m reaching its maximum relative
density of 28 percent at 1,025m. Its distribution is particularly
clumped or discrete and in fact it dominates to the extent of
90 percent relative density at several Tocations between the
quadrat sites.

The Lake Dive location (See Fig. 19) exhibits a particularly
rapid rate of change from dominance by tree species to dominance
by shrub species. For example the rate of increase in relative

density for S.elacagnifolius from the quadrat immediately before

its appearance in the canopy to its maximum representation of

60 percent at 1,127m is 27 percent per 30 metres. This rate of
increase should be compared with those of the locations following

to give an indication of the abruptness of change or degree of
discontinuity in canopy composition. The rate of change exhibited

by the Lake Dive Tocation in particular with reference to S.elaeagni-
folius is the most rapid of the four and this can probably be
attributed in part to two of the environmental factors recorded

in Table 9. Firstly the elevation gradient is very steep (1:2.64)
indicating a 1 metre rise in elevation for every 2.64 metres horizontal

distance. Beals (1969) noted that disjunctions aleng an altitudinal
gradient in Ethiopia were ceaused by competitive exclusion occurring
in the limited horizental distance afforded by steep slopes and

this explanation will be considered later when the data of all four

Tocations is cempared. Secondly the southerly (S. - S.S.W.) aspect
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of the ridge may also contribute to the rapidity of change in
species composition. Althoush only very limited climatic data is
available for Egmont National Park the southarn side of Mt Egmont

than the northerly

L'""

is generally cons ed to be less Tavourabie
and easterly aspects because of the longer winter snow-lie, lower

insolation in Tate afterncon, end exposure to salt-laden sea winds.

York Road Track Ridgs

In marked contrest to the Lake Dive tocation is the York Read
Track Ridge (See Fig. 17). The major canopy species represented

are W. racemosa, P, hallii, G. Vit toralis, P. colorata, P. simplex

var. sinclairii, and S.etacagnifolius. At 897m W. racemosa

2

deminates with a relative density of 44 percent. Weinmannia
gives way to P. hallii at 95%9m (relative density 52 percent) which

continues to dominate until 1,087m. The distribution of G. Tittoralis

parallels that of P. hallii throughout its altitudinal range and

its maximum relative density of 31 percent occurs at 959m. P. colorata
becomes the major canopy component at 99%m with a relative density

of 35 percent and it retains dominance until 1,087m. Senecio

first recorded in the canopy at 1,087m reaches a relative density

f 33 percent by 1,145m. The change from Podocarpus - Griselinia

forest through to Senecio dominated scrub is thus complete by
1,145m and the tree-line defined in terms of a change in species

1l

growth habit occurs at approximately 1,100m. L. bidwillii is absent

from the canopy on the York Road Ridge.
The rate of change from tree species to shrub species is much

slower on the York Road Track Ridge than on the Lake Dive Ridge.
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before its appearance in the canopy to its maximum representation is
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4 percent per 30 metres. This much slower rate of change appears

to result for the most part from the gradual gradient 1:6.47 of

this section of the York Road Track. The easterly aspect of the
York Road Ridge would also provide more favourable climatic
conditions than those of the Lake Dive Ridge
Dawson Falls
The major. canopy species represented at the Dawson Falls Tocatio

include P. hallii, W. racemosa, G. Tittoralis, P. colensoi,

S. elaeaanifelius, and P. simplex var. sinclairii. (See Fig. 18.)

W. racemosa is dominant at 933m with a relative density of 79 percent
but is quickly replaced by P. hallii at 965m. P. hallii continues

to increase in dominance up to 926m where its maximum relative
density 86 nercent is recorded. P. colensoi, first recorded in

the canopy at 1,029m, progressively increases in vepresentation

until at 1,096m & relative density of 57 DL}CQHL is recorded.

G. Tittoralis is recovrded in all quadrats and is always one of the

o2

subordinate species. S.elaeagnifolius is first represented at

1,096m with a relative density of 12 percent. This is only the
beginning of its representatﬁon in the canopy and although no

formal data was coliected above 1,096m its estimated relative
density at 1,127m is 50 percent making it the most highly represented

species in the canopy. P. simplex var. sinclairii is first recorded

at 999m with a relative density of 11 percent a value it never
exceeds in the remainder of its distribution. In terms of species

compltement Dawson Falls differs from the two Tocations already

described in the importance of P. colensoi as a canopy species.
Atthe physiognomically dissimitar P. colensoi at Dawson Falls

and P. colorata at York Road form e definite zone of representation

between the P. hallii dominated forest and the Senecio domineted
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scrub. The data presented does not show the presence of L. bidwillij

in the canopy. As a result of the clumping or discrete grouping

characteristic of this species it was not recorded in the quadrats

although in feact it is present at two sites between 233 and 996m.

It does not achieve the deminance characteristic of sites at Lake
Dive or North Egmont however.

The rate of change from tree to shrub species at Dawson Falls
is similar to that of Lake Dive. For example the rate of increase
for P. colensci is 14 percent relative density per 30m. The
comparison is not &s valid as that of Lake Dive and York Road
however in that clessification of P. colensoi as a shrub is
arbitrary. P. colensoi in fact may be more properly viewed as a
species which dominates & transitional zone between Podocarpus

.

dominated forest and Senecie dominated scrub. The tree-Tine defined

in terms of change in growth habit occurs at approximately 1,200m.

North Egmont

The major canopy species represented at North Egmont are

W. racemosa, M. hallii, G. littoralis, L. bidwillii, P. simplex var.

sinciairii and S. elaeagnifolius. (See Fig. 16.) W. racemosa

dominates between 872 and 1,006m with a maximum reiative density of

75 percent. P. hallii end G. littoralis remain subordinate to

W. racemosa until 1,096m when P. hallii assumes dominance with a

relative density of 39 percent. €. litteoralis is subordinate to

P. hallii throughout the Tower altitudinal quadrats but its distribution
continues into the higher altitude quadrats ebove 1,08Im where P. haiiii

is no longer represented. P. simplex var. sinclairii becomes

PO, S Y 2 % VY A IS R P I o~ - ~ 5 . P .
dominant et 1.0890m with & relative density of 34 pevcent and gives

way in turn to S, eleemnifolius et 1,115m.  Senecio continues to
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1ncr&ase in dominance reaching a relative density of 58 percent at
1,165m.  Libocedrus is distributed between 1,038m and 1,096m

ovming a minoy component of quadrats dominated by Podocarpus but
alse extending into the shrub dominated quadrats. In the Tatter

it tends to be emergent above the more closed canopy of Pseudopanax

and Senecio. Libocedrus is found in discrete aroups similar to

the distribution pattern alveady described for lLeke Dive although

d

dariy well represented at North Egmont. Many sites
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not formaily sampled exhibit relative densities of 80 percent or
more and the vidge sides and valleys between %74m and 1,096m

support dense stands of Libocedrus. The change from a Weinmannia

Podocarpus - Griselinia forest to Senecico - Psewydopanax scrub i

complete at 1,115m although Griselinia remains a minor component
of the scrub canopy. Tree-line defined in terms of a change of
growth habit is at approximately 1,100m. In contrast to the three

Tocations already described the upper altitudinal Timit of Weinmannia

is 1.006m approximately 50m higher than the upper Timit at Dawson
Falls. This is a possibie indication of more favourable climatic
conditions at North Egmont in the Tower quadrats at Teast.

Another possibie explanation however is that of Druce (1961) who

notes "on Mt Egmont areas that have received recent additions of

ash are distinguished from those that have not by the absence or
lesser abundance of kamahi". (Druce, 1961, 107.)

The rate of increase in representaticon by S.elesgnifolius is

second onty to that of Lake Dive at 21 percent relative density

per 30 m. This is in direct conflict with the higher altitudinal
Timit exhibited by . racemosa and may be explained in terms of
more rapid envivenmental deteriovation in the upper quadrats. The

overall elevation gradient is 1:5.63 which is simitay to that of

York Road however the gradient of the upper quadrats is closer to
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1:3 and could account for the rapid changes in canopy speciés
representation between 1,006m and 1,115m.
In conclusion the four locations described vary with respect
to three major considerations:
1. the total species complement
2. the rate of change in representation from tree species
to scrub species
3. the altitudinal Timits and degree of representation of
the major canopy species.
ATT four Tocations have most of the major canopy species in common

including S. elaeegnifolius, P. hallii, G. Tittoralis, and ®. simplex

var. sinclairii. (See Apendix 5.) Major differences occur with

the absence of L. bidwillii from York Road and Dawscn Falls althoush

in the latter case the absence is from quadrat data only. W. racemosa
is represented at all four locations altheugh at Lake Dive collecticn

of data to a Tower altitudinal Timit of only 974m prevents comparison

of its distribution at this location. P. colensoi is notable in

forming a distribution transitional between Podocarpus ~ Griselinia

forest and Senecio dominated scrub at Dewson Falls.P. colorata is

notable in forming a distribution transitional between Podocarpus-

Griselinia forest and Senecio dominated scrub at York Road and in

o A

one quacdrat only at North Egmont. 0. ilicifolia dominates one

quadrat between Podocarpus - Griselinia forest and Senecio dominated

scrub at Lake Dive only.

The total species complement at each of the Tocations may also
affect the rate of change from forest to scrub species in the sense
that some species veach their maximum oy at least important

1 Ao L !
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guadrats intermediate hetween forest and scrub.
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For example the eften mentioned 0. ilicifolia at Lake Dive,




P. colorata at York Road, and L. bidwillii at North Egmont and Lake

Dive. Where a greater range of species is present, particularly
in trensitional quadrats, the nature of the change becomes more

complex for example at North Egmont.

A comparison of the four ridge locations enables the more
commnon species interactions to be cherascterised. For example

P. hallii generally dominates over €. Tittoralis although

littoralis has a marginally higher upper altitudinal Timit.

W.roacemnsa quickly dominates over P. hailii and G. 1itiora

Tower altitudes (below 1,000m) but the Tatter species remain as

)

important components in the canopy. L. bidwillii exhibits partic

ularly clumped or discrete distributions and its presence in the
canopy is usually at the expense of representation by P. hallii

and G. Tittoralis particularly as the upper aititudinal Timits of

the tatter are reached. Senecio is usually represented as a minor
canopy component with a more tree-like growth habit 30 metres or
more below the point at which it assumes dominance in the shrub
canopy.

The rate of change in importance from cne species to another
particutarly from tree species to shrub species appears in part
related to the elevation gradient and aspect differences of the
four locations. The Lake Dive and York Read locations give the
best support for the elevation gradient in particular. Comparison
of these two ridges supports the contention of Beals (1969) that

the Timited herizontal distence afforded by steep slopes causes

108

competitive exclusion of species and thus disjunctions or discontin-

vities in species representotion along the sttitudinal gradient.

o o
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Less favourable climatic conditions related to aspect alread

described for Lake Dive could accentuate this discontihuity. Other

cies involved in

(',

factors affectiig this could be the number of spe
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the interactien and unrecorded climatic variables. The latter in
particular could provide the strongest effect on this rapidity of
change or discontinuity because the decrease of say temperature
with increasing altitude may also be discontinuous. Rather sudden

changes could occur for example as the ridges described become more

exposed upon rising above the altitude of protective flanking

The altitudinal Timits and the degree of representation of the
major species varies at all four locations. Relative density of
these species at any given altitude would be affected in two major
ways: Tirstiy by the number of species competing at that altitude,
and secondly by the relative climatic timitations imposed at that
altitude for each of the vridges. Thus at ©6bm at Dawson Falls
P. hallii reaches a relative density of 79 percent the only cther

canopy species being G. Tittoralis and W. racemosa. Further to

this W. racemosa is near its upper Timit and is presumably Tess

competitive. In contrast on the North Egmont ridge at 1,08Im

~

N

P. hallii has a relative density of 39 percent with L. bidwillii,

P. colorata, P. tenuifolium and G. littoralis making up the

remainder of the cancpy. The indirect evidence of species
distributions on the four ridges points to the least favourable
conditions being those of the Lake Dive Taocation. York Road and
Dawson Falls appeayr to be stmilar on the basis of the upper limit
of W. racemosa white North Egmont is enomalous with W. recemosa
extending up to 1,038m followed by an extremely vapid change to
Senacio dominated scrub. The general climatic descriptions
available support the suggestion that the lLake Dive Tocation wouid

ttle dif

—

have the least favourable climetic conditions but 11 erence

is reported between York Road, Nerth Egmont, and Dawson Falls.



Physicgnomy and Structure

The tree-shrub interface may be examined in terms of the
species physiognomy and vegetation structure as well as floristicaliy,
The floristic discontinuity described for the four Tocations
exemined is further emphasised by the discontinuities of physiognomy
and structure. Reference has already been made to the change in
growth habit at the tree-Tine at each of the Tour Tocations and
this change in growth habit is euantitatively measured as maximum
canopy height and number of individuals per 100 sg m. The change

in growth habit is essentially one from the tall upright pyramidal

or fusiform habit exhibited by P. hallii, L. bidwillii, and W. race-

mosa to the Tow growing, spreading, and compact canopy of the
Senecio dominated scrub. Accempanying this is the changs frem &
few Targe individuals per 100 sqg m to many smailer individuals per
100 sg m. Figures 20 and 21 depict these changes along the
altitudinal gradient for the four tocations. York Road and North
Egmont provide the mest evidence fora plysiognomic discontinuity
because sufficient quadrats from the shrub dominated areas are
included to show the actual change in slope of the lines representing
canopy height and number of individuals per 100 sg m. On Fig. 20
the Tines representing maximum canopy height for York Road and
North Egmont show a change in slope from 1,826m onwerds. Fig. 21
supports this okservation with the change in sltope of the Tine
representing numbers of individuals per 100 sq m occurring between
1,066m and 1,096m. In both cases this points tc a discontinuity
between the tree dominated and shrub dominated quadrats in terms
of physiognomy of the species involved.

In ordey to clarify interpretation of this date it is presented

’]

on Fig. 22 as a scatier diagram of the 26 quadrats measured on the

.

two physicgnomic variables; maximum canopy height and number of

“t
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individuals per 100 sq m. The scatter diagram clearly shows the
discontinuity between tha tree dominated and the shrub dominated
quacrats. The cluster Tahelled A consists in four cases out of
the six of Senecio_dominated quadrats (relative cover greater than
40 percent). The cluster labelled B consists in 17 cases out of

20 of quadrats dominated by either P. hailii, G. Tittorslis, or

W. racemosa. The exceptions in both clusters are those quadrats

which consist of shrub species capabie of approaching tree height,

for example 0. dilicifolia, P. colorata, P. stmslex var. sinclairii,

P. colensoi. and S.elaseagnifolius_elong with the Targer tree

spacies particulariy P. hallii, G. Tittoralis, and L. bidwilli.

Quadrats with this type of species camposition are the ones which
approach clesest to the discontinuity, (marked on Fig. 22 as the
midpoint between clusters A and B).  Cluster B is more properly
viewed as a continuous range of quacdrats in which one of the

major tree species dominates. Canopy height in particular causes
the continuous nature of this cluster in that it depends in part
on the actual species which dominates how great the value for
maximum cancopy height will be. Thus for example the canopy height
recorded both at Tower and middle altitudes could be from the

same species, that is emergent P. hallii. The discontinuity
beconies apparent on the scatter diagram as the much greater
difference between the maximum canopy height of the tree species
and the shrub species. If the full range of ceanopy height variation
was incorporated into this comparison the discontinuity may not be
quite as marked. Inevitably incorporated into this physiognomic
discontinuity is a degree of fioristic continuity; for example

~

G. Tittoralis anc P. hallii are vepresented on both sides of the

physiognemic diScontinuity. G. littoralis.in particular adopts a
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different growth habit in the upper &ltitude quadrats making it
the physiognomic eguivalent of the shrub species. P. hallii
on the other hand becomes Tess and Tess emergent so that eventually
its apical shoots are level with the Senecio dominated shrub

canopy.

Vegetation structure, that is the number of strata present in

’D

the vegetation, is summarised diagrammatically for the North
Egmont locaticon on Fig. 23. The pattern depicted 1s representative
of the pattern at the ether three Tocations with minor exceptions

which are noted in the discussion. It must be noted that the

categorizs or strata defined for the vegetation structure are
arbitrary, particularly the distinction made between shrubs and

subcancpy and between the smaller shrubs and ground cover. Categov-

Lot

isation with heigh

3

L constraints is essential however for accurate
recordirig and comperison of quadrats unless the hetght of every
single individual is recorded. The general pattern of change
apparent along the altitudinal gradient is the change from the
multilayered forest quadrats through to the shrub quadrats in
which the only layers adequately differentiated are the canopy or
top stratum and the ground cover stratum. The complexity of the
lower forest quadrats is accentuated by the presence of up to

13 epiphytic and two Tiane species.

bt}

The lower altitude quadrats between 877m and 1,038m consist
of four major strata along with Tiane and epiphytic species. The
vertical arrangement consists of:

1. the ground cover stratum dominated by B. discolor and A. nervosa

frean haight 75¢m)
2. the shrub stratum including Coprosma australis, Coprosma Tucida

C. tenuifolia, Cvathea smithiti. P. colorata, Schefflera digitats,
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and Alseuosmia macrophylla (75cm - 2.00m).

3. The subcanopy including P. colorata, M. salicinia, P. hallii,

C. tenuifolia, P. simplex var. sinclairii, C. sorratus, and

W. racemeosa (2.00m - (7.50 - 11.00m))

4.,  The canopy including W. racemosa, P. hallii, and G. 11

(7.50 - 8.50m / 11.00 - 13.50m)

The maximum: cenopy height is

(@)

gnera

]
maed
-t

e
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v

i}

P. haltii with W. racemosa and G. Vittoralis forming a lTower move

compact cancpy suvrrounding the emergents.
The middie altitude guadrats, 1.038m to 1,096m, consist of

four major strata and up to five epinhytic species and two Tiane

species. The vertical arrangement consists of

1. the groune cover stratum dominated by A. nervosa and P. vesti-

tum (up to 70cm)
2.  the shrub stratum which is beginning to become indistinguishablie

from the subcanopy stratum and is dowminated by P. colorata,

Ling

C. tenuifolia, and €. australis (70cm - 2.00m)

3.  the subcanopy which includes some species which at higher

o

altitudes become part of the Senecic cominated scrub (2.00m -
(3.00 - 7.00m)) -

Dominant species are P. simplex var. sinclairii, P. colorata,

C. australis, C. tenuifolia, and S.elaceunifolius.

4. The canopy which includes L. biewillii, G. Tittoralis, P. hallii,

L

P. simeiex var. sinclairii, and P. colorata (3.00 - 4.50m

7.00 - 7.50m))
The maximum canepy height is genevally exhibited by emergent P. hallii

ane L. bidwillii with a Tower canopy Timit consisting of P. simplex

Py e T e o B T g o P B 5 A A P £
var, sinclairii, P. colorete, and G. Tittoralis.
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The upper altitude quadrats, 1,115m to 1,165m, consist of two

major strata and a limited vrepresentation of epiphytes. The

vertical arrangement consist of :

1. the ground cover stratum dominated by B. capense and A. nervosa
(up to 55cm)

2. the canopy or top stratum dominated by S.elaeaanifolius,

P. colensei, P. simplex ver. sinclairii, and C. pseudocuneata

(55cm - 2.25m)

Distinction between canopy or subcanopy strata is impracticable
in that most of the top stratum in fact cccupies the 1.50 - 2.25m
height class and is densely interwoven and compact.

Exceptions to the general pattern described for Novrth Egmont
are found at York Road between 1,087m and 1,14%m, Lake Dive at
1,086m and Dawson Falls at 1,096m. These exceptions do not
detract from the overall pattern, rather they are the result of
either disturbance of some form or the differences resulting from
the species complement present at that lecation. At York Road
the shrub Tlayer is poorly differentiated from the canopy/subcanopy

strata and is dominated by P. colcrata. This probably results

from previously much higher goat populations centred on Guarry
Bluff and the dominance of P. colorata is usually considered as an
indicator of such a disturbance. At the Lake Dive quadrat (1,06€m)
differentiation between the canopy and subcanopy was difficult.

The main canopy species included Coprosma sp. (unnamed), P. hallii,

P. simpiex var. sinclairii and H. stricta with G. littoralis

dortinating. G. Titteralis is emergent at 5.5m but with a spreading
canopy resulting from up to four major leaders per individual.
Below this at a maximum of 5m is a complex mix of the species

already noted which form a broken and uneven canopy. As well the



118
shrub and subcanopy strata ave poorly differentiated because of
the relatively larcge number of P. hallii peles and saplings and
the presence of many species which at higher altitudes become
part of the Senecio dominated scrub. These include H. stricta

and P. simplex var. sinclairii. The stte is very exposed with some

evidence of windfallen cancpy trees and this probably accounts
for the pattern of stratifiication exhibited. The canopy at Dawson

Falls (1,0%6m) is composed of P. colensoi and P. hallii

in the main with P. colensoi ferwming a particularly even and compact
canopy and P. hallii emergent up te 4-80m. The subcanopy is

poorly differentiated and resembles more a shrub stratum in that

few individuals greater than 2m in height exceed 3m. Goat browsing

is in evidence particularly on the G. littoralis and C. australis

individuals in the shrub layer and this along with the compact
canopy of P. colensci may account for the poovly developed sub-

canopy stratum.

Tree~Shrub Interface: Grouped Data

In order to provide a generalised descriptioﬁ of species
distributions between 870m and 1,170m and ‘in particular the tree-
shrub interface the data collected at all four ridge lTocations
was grouped into 30m segments and averaged. Thus the single ridge
quadrats become a composite of quadrats encompassing the vegetation
data from twenty six guadrats. This method is comparable to the
method of data ardysis employed by Whittaker (1956) and described
by Whittaker (1973) as a composite treansect. "Samples may bé
grouped by:sets of five, sav. for thirty wetre elevation intervais,

v for positions along a topographic moisture gradient. Such
grouping tends to averege out the irrequlerities affecting individual

samples, and to produce a clear, wmore easily interpreted picture of



species distributions and community chahge aleng a gradient.”

(Whittaker, 1973, 14.)

The amalgamation of data has some interesting consequences
with regard to the interpretation of speacies distributions and

the conclusions veached in Whittaker"s (1956) study. The species

distributions are smoothed by this averaging procedure. and fTurther

i 3 !

1 of species distributions 1is

the overlap between the 'tails

increased. Thus where in a single transect presentation, for

example Lake Dive, discontinuity betwsen the tree and shrub quadrats

is marked the abruptness of change is veduced and continuity between
adjacent quadrats is increased by composite transect prese ion.
There appears to be reascn for critically examining the

Justification for this averaging procedure employed by Whittaker
(1958) 9f it detracts from discontinuities which are real in
vegetation data. Table 11 and Fig. 24 show the discontinuity
apperent at Lake Dive compared with the eQuiva1ent grouped data.

At the quadrats located on the tree-shrub interface the similarity

index calculated for Lake Dive is 0.1314 while for the grouped
data it is 0.371 a clear reduction in the degree of discontinuity

). ).

apparent at the tree~shrub interface. The major reason for this

]

that

.

the

X

reduction in date discontinuity is probably the fac
same altitudes at different ridge locations are not comparable.

As altitude is a complex variable including temperature, wind exposue,
relative Tight intensity, relative humidity etc. 1ocations record-
ing the same altitude do not necessary exhibit the same envivonmental
conditions. Thus the averaging of data particularly into 30m segments

is in fact measuring and averaging a rencge of species performsnces

et

over @ rangas of environmental conditicens. This must surely increase

he deuree of continuity in vegetation data when in

discontinuities may be marked on the ground. Kellman (1975) has
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Table 1l. Similarity Indices between adjacent quadrats B
Altitude Similarity Index
in for
Metres Adjacent Quadrats
Lake Dive 1,127.26 (
1,096.80 (0.114) Similarity Index
1,066.33 0.436 at Tree-Shrub
1,035.86 0.342 Interface
1,005.40 0.775 (Discontinuity)
074.93 0.845
Grouped Data 1,169.76
1,139.60 0.706
1,109.44 (0.371)
1,079.27 0.485
1,049.11 0.480
1,018.95 0.775
988.78 0.725
0h8.62 0.762
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summarised this argument stating "the continuous changes in species
populations shown in the displays provided by these techniques

were taken by their authors to iltustrate the continucus nature

ion change in space and the absence of discrete associa-
tions. However, some confusion has avisen ercund this interpreta~
ure to distinguish between continuity in
composition, which was demonstrated, and continuity on the ground.
The Tatter was not demenstratable from the data which were derived
from spatially separated sites". (Kellman, 1975, 68-G9.)

Keeping in mind that this type of data analysis increases the

degree of continuity between suadrats, Figs. 25 and 26, still

provide a genevalisation oy summary statemant of the cano py specie
distributions on ridge locations for a large sector of Egmont

National Park. Species represented at four or more data groups
are depicted on Fig. 25. These species distributions show a
gradual progression of dominance from W. racemosa (maximum relative

density 60 percent at 88m) at lTower altitudes to Podocarpus hallii

(maximum relative density 65 percent at 1,168m) at higher altit udes

. elasagnifolius (58 percent at 1,169m) at higher

o

and finally

altitudes. G. Tittoralis parallels the distribution of P. hallii

subordinate for the most part of its range but dominant over

P. hallii from 1,109m onwards - P. simplex var. sinclairii forms

1.

a minoy compaenent of the cenopy from 985m to 1.07%m but becomes a

oo
I

more important component of the Senecio deminated quadrats at

1,10%9m with a relative density of 15 percent. L. bidwillii achieves

its maximum representation 16 percent relative density at 1,04%m

but it is only the third most important canopy species at this
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Species represented in four or less of the data segments

are

LO

shown on Fig. 26. C. serratus is an impertant component (22 percent

relative density) of the canopy at 898m but rapidly decreases its
representation to 1 percent by 928n. P. cclorata and P, colensoi

oo

both form minor components of the canopy in the middie al

further exceeding 15 percent relative density. D. {ilifelium,

Coprosma sp. {unnamed), H. stricta, and C. nseudocuncata all form

minor components of the cancpy in upper altitudes where Senecio

dominates. The distribution of C. pseudocuneata and D. filifolium

in the canopy is exclusively 1in the Senecic dominated sites whiie
§ ]

H. stricta, and Coprosma sp. (unnamad) provide a degree of continuity

to the tree-shrub interface extending down into the forest i

Stratford Canopv Ssecies distributions

A further comparison of the Tree-~Shrub interface data is

(I

provided by data tected alongside the Stratford Plateau Road

in 1672 (See Fig. 27) by the Massey University Extension Course in

which the author tock part. Data was collected using a point-

cover sampling technique. The twelve sample Tocations ranged

between 565m and 1,431m a.s.1. with an average altitudinal interval

o ) ~ a

of 78m and & maximum 1interval of 152m. Two samples of fifty
points each about twenty-five paces apart and located on a grid
system following the cardinal compass points were collected at
each altitude listed (See Table 12). The cancpy species at each
point was noted and the data thus recorded was converted to

percentage point cover for each species encountered. The da
provides en interesting comparison to that already des
only in terms of the species distributions described but also

with regard to the sample size employed, the altitudinal interval
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Table 12. Location and description of Stratford euadrat data.

Altitude Group Number Studv Location (="station")

in
Metres |Day 1 Day 2

565.16 1 12 1. | 1,855Ft on voad. Work both sides of road.

588.67 2 11 2. | 1,965Ft on road (both sides) . o

640. 10 3 | 10 | 3.| 2,100t on road (both sides). w

679. 4 9 4. | 2,230ft on road (Cross Tepop Stream on
Novrth side of road, track to swamp on Seuth
side.

740.04 5 8 5. | 2,429ft moth sides of roead.

802.80 ~ 6 7 6. | 2,635t (road) to 2,775Ft (Mountain House)
Sampling area between road & Patea Rive
betow. Enchanted walk track.

860.99 7 6 7. | 2,826Ft Track from read to Pates River
Cross second stream mefore starting sampiir

- 931.37 8 5 8. | 3,067t Between road and Moss's walk.

1067.86 9 4 9. | 3,505t Sampte on South side of road.

1139.15 10 3 10. | 3,739+ Plateau. Sample on track to Dawson
Falls.

1279.60 11 2 11. | Curtis ridge track. Near upper limit of
sub-alpine scrub.

1431.9%3 12 1 12. | Curtis ridge track - tussock grassiend.

090.17 13 3,250Ft Near V.H.F. Station Tree-Shrub

.
Interface
1 - 12 Average Attitudinal Interval 78.79m
Max i muin i N 152.33m
Detete 12 Include 13 64.95m
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employed, and their possible effects on data interpretation. The

altitudinal interval employed proved inadequate in two locations:
the first in the critical srea of the tree-shrub interface at

o

approximately 990m (3,250ft) where the major species distributions

particularly P. hallii, G. littoralis, 1ius, and P. colen-

soi were unclear, and the second between 1,279m (4,2007t) and

inadequate description of the species distributions at these
altitudes. As a result of these inadeguacies it was decided
to omit the 1,43Im (4,700fFt) altitude sample and provide an additional
semple in the critical area of the tree shrub interface at 990m
(3,250ft). This date was collected on August 17th 1976 using the

same sampling techniques as that employed in the 1972 data collecticn.

These changes reduced the sverage altitudinal interval between
samples to &4m and the maximum altitudinal intervel to 140m. The

species distributions at the tree-shrub interface were clarified
greatly and a furtheyr important canopy species recognised namely

!

L. bidwiltii which had previously been missed because of the wide

altitudinal interval between semples. Overall, the Targer sample
ares, greater sample heterogeneity, and the much wider spaced
altitudinal interval resulted in a smoothing of the major species

distributions. Species less common on the ether hand tend to have

w

tails or limits of their distributions missed by the much wider

altitudinal interval. In spite of these overall differences in

o

sampling method the species OTQLP'bUEsOnC depicted on Fig. 27

v

coincide well with those of the tree shrub interface

late from the
other ridges and also serve to illustrate the distribution of the
majoy species below 760m which is not included in the other
examples bacause of the minifmal sampie area constraint already

described in Chapter 4.
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Beginning at 565m W. racemosa is the clear dominant making

up 42 percent point cover. D. cupressinum attains its maximum

percentage point cover 10 at this altitude and declines in represent-
ation thereafter. MW. racemosa continues to dominate up to 802m with
its maximum veprasentation 66 percent point cover occurring at

this altituce. M. ramiflerus forms & minor component in the

o

canopy at 598m and 640m with percentage point covers of 8 and 9
respectivety. "P. hallii first represented &t 802m reaches its

maximum representation of 47 percent point cover at 860m and then

declines being recorded last in the canopy at 1.067m. G. littoralis

(.‘
i

Tirst represented at 565m remains subordinate to W. racemosa and
P. hallii until 93Im where it becomes dominant. Its representation
continues teo increase to a maximum percentage point cover of

35 at 990m and then declines heing recorded last in the canopy at

1,067m. P. colensoi and L. bidwillii fovim minor components of the
canopy at #90m with percentage point covers of 20 and 10 respectiveiy.
P. colensoi reaches its maximum representation of 21 percent point

cover at 1,067m whevre it is domineant. G. Tlittoralis has declined

to 18 percent point cover while S.elasagnifolius continues to

increase in importance at 14 percent point cover. By 1,13%m

S.elaecegnifelius is clearly dominant with a percentage point cover

of 41. Its representation increases a little to 43 percent point

cover at the finel sample location includad 1,431Im. The distribution

of H. stricta a relatively minor canopy componant parallels that of

S.elaeagnifoiius being first recovrded at 93im and vreaching its

maximum representation of 13 percent point cover at 1,297m.

C. pseudocuneata is only vrepresented in the two upper altitude

2

samples with percentage point covers of 12 and 9 respactively.

istributions outlined for Stratford are similar in

i
pos
s
=
16}
o
D
W
-

many respects to those descrimwed for the tree shrub interface at
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the four other 1oc@ ions. The distribution pattern of P. hallii

in relation to that of G. littoralis resemble

(9]
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o
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Lake Dive Ridge Track with &. Tittoralis becowming dominant to

P. hallii near the actual tree shrub interface and providing a
degree of flovistic ceontinuity inte the shrub dominated upper
altitudinal sampies. The distribution of P. colensoi is similar

that &t both York Read and Dawson Falls in that it achieves

maximum vepresentation hetween the samples dominated by P. hallii

at lTower altitudes and S.¢

observations point to the fact that the distribution patiern of

L. bidwillii is not adeguately described because of the discrete

nature of its distribution pattern and the wide altitudinal interval
empioyed in sampling. However, tike both the Lake Dive and North

Egmont tocations L. Didwillii forms a minor component in the

middle altitudes between the tree and shrub dominated samples.
The distribution pattern for W. racemosa in pa?ticuiar its inter-

action with ®. hallii and G. litteralis is complex in the 860m and

831Im samples. A closer altitudinal sampling interval would probably
clarify the fluctuations appavrent in representation at these
altitudes. The distribution depicted is probably the most similtar
to that of North Egmont where W. vracemosa vemains as an important
component up to 1,038m as compared with 93im at the Stratford
location.

Floristic discontinuity is apparent in that the major shrub
species are all recorded first at the same sample and with
approximately 200m the change to shrub species is complete. The
wide altitudinal interval emnloyed probably exaggerates this
species., A degree of floristic continuity is provided

by the presence of P. hallii and G. Tittoralis in the shrub dominated

he shrub distributions

&
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in the G. littoralis dominated sample. Like all the other Tocations

physiognomic discontinuity is apparent (although not formally

recorded) particularly with regard to the change in growth form

exhibited by G. litteralis already described for the four other

locations.
The data recovded for the lower altitudes (565m -679m) clearly

illustrates the relative importance of W. racemosa when compared

D

5

to D. cupressinum cn a cover basis. D. cupressinum is physiognomic-

ally dominant at these altitudes towering above the other trees at
heights of up to 30m. A measure such as basal arvea or volume
would probably show D. cupressinum as being more important than
the maximum percent point cover of 10 apparent at 565m however

in tevins of percenteage point cover this value is in close

£

1964) value for D. cupressinum of one

o)
wn
—~

agreement with Druc

eighth of the cover in altitudes between 550m - 750m on the

~

Stratford side of Mt Egmont.



Shrub-Tussock Interface

The shrub-tussock interface is another example of the presence o
a discontinuity in canopy (top stratum) species cecrposition,
physiogriomy, and structure. Data from two focaticns, the Razorback
(North Egmont), and York Road Track Ridge is presented in Figs. 2
and 27. Quadrat data for siope ang

range is summarized on Taeble 13.

distributions in Figs. 28 and 29

] o

complement, rate of change in dominance fvom shrub spacies to

tussock species with increase in altitude, the relative cover of
species at comparable altitudes, and the interaction between speci

Cancpy (tep stratum) Species Distribution: Razorback.

The major canopy (top stratum) species represented at

Razorback Tocation are S. elasagni

D. filifolium, H. styricta, and C. vauviliiersii. AU the two Tower

altitude quadrats 1313m and 1360m S. elaeagnifolius dominates with

relative cover values of 66 and 55 percent respectively. By 39?

TR

io is recorded as present only in the canopy that i 5
Senecio is recorded resent only in the canopy th s les

Than

1 percent relative cover. The distribution of S. elaecagnifolius fis

paralleled by that of €. pseudecuneata and H. stricta both of which

decline in importance from 1313m to 1,340m. Field observations points

o the fact that although Tast recorded at the 5L390m cuadrat the actual

upper altitudinal Timit of (. pseudocupeata is some 20 metres above

this between the upper quadrets. D. filifolium is distributed

throughout the quadrats reaching its maximum representation 40 percent

relative cover at 1421m amongst the tussock. (. vauvilliersii is also

distributed throughout the gquadrats first as a minor component of

»w
o)
[
i)
=
ot
s
b
o
=3
o

the shrub canopy but reaching its pesak vrepr T 29 percent
relative cover at L320m and then declining vapidly. C. rubra is
first recorded at 1360m, becomes dominant by 1390m, and achieves its

maximum representation with a relative cover value of 45 percent &t
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Figure 28
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1421m.  H. odora parallels the Chionochloa distribution at first but
reaches its maximum relative cover 25mlower at 1,390m and then
declines in importance.

! ) !

m) Species Distribution: York Road Track Ridge.

The wmajor canopy species vrecovded at the York Road Tecation
T

were S. elacagnifelius, C. pseudocuneata, C. vauvilliersii, H.odora,

C. rubra, and P. Fig. 29). S. elaecagnifolius dominates
in the Tower altitude guadrats with a maximum relative cover of 55

] .

percent at 1261m. From this altitude i1t declines in representation

sharply at first but continues as a very minor component up to 1f416m.

-

The distyibution of

4

C. pseudocunieata paru1in1 that of S. elacagnifoliu

7]

however its maximum representation occurs higher at 1294m and field
observation showed the upper altitudinal Timit to be some 20 metres

above the Tast quadrat in which it was recorded. D. filifolium and

C. vauvilliersii have si

mitar distributions in that they both achieve

maximum representation at 1385m of 37 and 26 percent relative cover

-3
)

respectively. However, Cassinia is not recorded in the Towest

altitude quadrat and is still an important cancpy component (1e percent

relative cover) in the upper altitude quadrat whereas Dracophyllum

declines to only 3 percent relative cover. C. rubra represented
throughout the quadrats rapidly increases in representation from

1325m onwards and reaches fits maximum refative cover of 50 percent

at 14lem. P. laevis is first represented at 1294m achieving its
maximum vepresentation of 19 percent at 1416m. H. odora is represented

!

throughout the quadrats

but achieves its highest relative cover
values 7 and 9 percent in the tussock dominates quadrats at 1355 and
1416m.

The rate of change in dominance

“n
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n
=
o
o
n
=
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S
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sy
o
sy
<
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e
~

can be measured as the vate of decrease of Senecio in relative cove

per 30 metres altitude and the rate of increase of Chionochloa in

relative cover per 30 metres altitude. At the Razorback Tocation



135
(1213-1390m) S. elaeagnifolius declines in representation at the

rate of 32 percent relative cover per 30m. Chionochloa increases in

representation (1360-1421m) at the rate of 22 percent per 30m. In

contrast the rate of decline in representaticn for S. elasaqnifolius

(1218-1416m) at York Road is only 12 percent per 30w and the rate of
increase in representation for C. rubra (1218-1416m) is only 11 percent
per 30m. The rate of change at the Razovbacik Tocation is much faster
with an ab*upﬁ change from shrulb cominance to tussock dominance wiile
at the York Road location there is a more gracual replacement of
shrub species by tussock.

In the tree-shrub interface comparisons the explanation of
Beals (1269) was used in part to explain dif ferences in rate of change
or degree of discontinuity between locations. The notion of disjuncticns
occurring along the Timited horizontal distance afforded by steep
slepes aleng altitudinal gradients originally described by Beals (19€6)
in reference to comparative fieldwork carried out in Ethiopia seems
highly applicable in this case as weil. A comparison of the gradients
and quadrat stope angles for the Razorback and York Road locations
(see Table 13) clearly shows the major diffevence between the two
ridges is one of gradient and quadrat slope. In the case of the
Razorback location the overall gradient is 1:2.62 and the mean
quadrat slope angle 26.66°. The overall gradient for the York Road
location is 1:3.81 and the mean quadrat slope angle 12.00°. The
difference in gradient is even more marked if only the four upper
altitude York Road quadrats are considered because the overall gradient
for these quadrats is approximately 1:5.00 and the increase 1in
altitude from chne quadrat to the next is alwst constant. The
tree-shrub interface comparison also pointed to the fact that aspect
may influence the abruptness of chaenge or degree of discontinuity at
the interface. However, the ridge atignment for the Razorback ic

North Fast and that of York Road due East and the difference does
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not appear to be great enough to have influenced the pattern

apparent.
A comparison of species interactions on the two ridges reveals
that in many cases they are similar at the two locations. For

example: C. pseudocuneata's distributi

i

Is

S. elaeawnifclius at both Tocations and its upper altitudinal Timit

is higher than that of S. el

i LT A e - Porg N e oy oy ~
eagnifolius;  and H. odora reaches its

2

maximum representation amongst the tussock at both Tecations. The

J

i

are excepticns however and they appear to relate to the differences

3 e

in gradient and stope angle apparent between the {two locatiens. At

~

York Road D. filifoiium and C. vauviiliersii achieve their peak

representations between the Senecic dominated and Chionochloa

dominated guadrats while at the Rezorback both achieve their peak

representation in the tussock dominated quadrats. The limited

.

horizontal distance availablie on the

teeper siopes of the Razorback

gl

cee

(')

seems to bring D. filifolium, C. vauvilliersii, and C. rubra into

more direct competition.
As well there are differences in species complement between

the two locaticns. Hebe stricta forms a minor component in the three

J-

Tovier Razorback quadrats but is represented cnly once in the Towest

altitude quadrat at York Road. P. laevis is an important component

in the tussock quadrats at York Road but wss recorded in one of the
Razorback gquadrats only. 1In both instances these differences are

£009-

not major ones as in the case of the tree-shrub interface comparison
where some canopy species were entireiy absent. These differences
appear to relate more to the attitudinal range of the guadrats
recorded and the fact that a given altitude at one location is not
necessarily the envivonmental equivalent at another location. Thus
ty onty the tower Timit of the P. laevis distribution at the

Razorback was sampied.

s was calculated

—-

The simitarity index for adjacent guadre
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according to the method of Beals (1969) and also serves to

illustrate the degree of discontinuity apparent at the shrub tusscck
interface for both locations (see Table 13). The abruptness of
change Trem shrub species doninance to tussock dominance at the
Razorback Tocation is emphasised by the low similarity index 0.20
between quadrats 8 and 9 located on the shrub-tussock interface.

Canopy (top stratum) Physiognomy and Structure.

The discontinuity apparent floristicelly at the shrub-tussock

interface is further emphasised by an examination of species physicgnom

and vegetation structure. At the Razorback Tocetion rapid floristic
change from shrub to tussock quadrats is acccempanied by a rapid
change in maximum canopy height and total cover. The two shrub
dominated quadrats exhibit the highest maximum cancpy heights and
the highest total cover values with values of up to 2.75m and 87
percent. The two tussock dominated quadrats exhibit the lowest
maximum canopy heights and the Towest total cover values with valtues
as low as 75cm and 42 percent. The discontinuity is not clear cut
in terms of maximum canopy height and tetal cover in that the values
for each cuadrat are successively Tower and no real clustering

of shrub or tussock quadrat values is apparent. Further to this

the use of maximum canopy height tends to give similar values for
the interface quadrats in that inevitably the maximumn canopy height
is exhibited by shrub species. When the structure of the vegetation
in the quadrats is examined however the discontinuity is marked. In
the Razorback quadrats for example those deminated by shrub species
tend to be composed of two major strata, the canopy (top stratum)

up to 2.7%m and the ground cover including seedlings of the canopy
species. The canapy in fact cccupies much of the 1.50 to 2.75m
heicht class and is densely interwoven and compact. In contrast the
quadrats above 1L,370m avre composed of less distinct strata in the sense

that height classes or categorization into strata becomes more
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Table 13.  Shrub-Tussock Interface Quadrat Data
- i l s
Altitude (Ridge Alignment) Adjacent Quadrat
Feet Metres Slope Angle Aspect Similarity Index
York Road
1 {4,000 1,218.66 7° East
2 14,410 1,261.32 15° /2 0.88
3 |4,250 1,294.83 7 - 10° 2/3  0.83
4 14,350 1,325.30 7 - 10° 3/4  0.65
5 | 4,450 1,355.76 7 - 12° 4/5 0.66
6 |4,650 1,416.70 10 - 12° 5/6 0.72
X 12.00
Raggrback
7 | 4,310 1,313.11 25 - 30° | North East
8 | 4,465 1,360.33 25 - 30° 7/8  0.80
$ 4,565 1,390.80 25 - 27° 8/9 0.20
10 | 4,665 1,421.27 22 - 27° 9/10 0.49
X 26.66°
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arbitrary. The canopy stratum is a mix of both tussock and shrub
species ranging between 20cm and 1.25m and forming a patchwork over
the top of an ever increasing area of ground cover principally
composed of herbfield species. The area taken up by ground cover
exceeds 50 percent in most Tocations whereas in the quadrats
exhibiting the tightly interwoven shrub canopy it rarely exceeds
25 wercent cover.

At the York Road location the change is more gradual just as is
the case floristically. Thus the maximum canopy height 1.50m is
exhibited by the shrub dominated quadrats but it progressively
declines until the lowest value 65cm is exhibited in the upper
altitude tussock dominated quadrat. Similarly the total cancpy cover

declines gradually.
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York Road Track Ridge QL drat Classification

Classification versus Ordination.

Opinions differ on the use of classification techniques as
compared to ordination techniques. The differences relate directiy
back to the two traditional viewpoints concerning vegetation
description and analysis described aiready in Chapter 2. Advocates

/

of the association unity theory {(discrete community types) have

traditiona? y used classificatory technicues to describe and analyse

"natural" vegetation groupings while supporters of the continuum
concept (individualisiic hypothesis) invariably used ocrdinatien
techniques.Orloci (1875), following Goodall (1963), McIntosh (1967),
Beals (1969 and Kellman (1975), has stressed that the strategy
adopted in analysing vegetation data should not be a function of

rigid assumptions held regarding the characteristics of vegetation

1

distributions. "Ordination of vegetation data has often been
mistakenly regarded as the antithesis of 1ts classification. However,
if the vegetation data matrix is visualized as an array with each
species providing a separate dimension and sites represented by
points fused accord?né to these... it can be seen that the two
procedures, although-differing, are not antithetical. Each seeks
orderly tendencies in the data, but of a different sort." Kellman,
1975, 67). On this basis ordination and classification techniques
may be considered as different strategies suitable for analysing
different kinds of vegetation data. It has been suggested further
by Mueller-Dombois and Ellenberg (1974) that “the ordering or
ordination of species and stands is & necessary step prior to any
good floristic classification" (Mueller-Dombois & Ellenherg, 1974,
212) and by Beals (1963) "that continuum or gradient analysis can

%

etect discontinuities 1 e vegetation, whereas a classificator
d t ontinuiti n the vegetati hereas a classificato

system cannot detect discontinuities". (Beals, 1963, 985). Thus in
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contradiction to many of the earlier vegetation analyses employing
either classificatory or ordination techniques there is a good case
for using both these techniques in conjunction with each other, in
particular preceding a classification with an ordination to detect
the continuous or discontinuous neture of the vegetation data.

The approach of this study is that advocated by Orloci (1975)
in that analysis has been approached without a prior commitment
to one or another of the broad vegetation hypotheses. Following en
from this inspecticon of the raw data, the similarity matrices
(Appendices 5, 6 and 7), and graphing of similarity indices between
adjacent quadrats by the method emploved by Beals (1963) revealed
marked discontinuities or clustering of the quadrat data (see Fig. 30).
For the quantitative canopy species data the major discontinuities

(40 percent similarity index) are evident betwee

=]

guadrats 15 and
16, quadrats 7 and 8, quadrats 5 and & end quadrats 2 and 3. These
discontinuities have already been described in part in the tree-shrub
and shrub-tusseck interface results but essentially they coincide
with the change from forest to snrub species in the first case,

a marked drop in Chionochloa dominance in the second case, a change
from mess and herbfield species to Chionechlca and associates in the
third case and a substrate effect in the final case. For the
“qualitative ground cover data the discontinuities are not as marked
but are still apparent. The major discontinuities ( 40 percent
simitarity index) occur between quadrats 9 and 10 and quadrats 2 and
3. In the case of quadrats 9 and 10 there is marked change as the

Blechnum-Astelia ground cover gives way to C. rubra and herbfield

species, and in the second example, auadrats 2 and 3, the substrate
1]

change already noted. The quaiitative subcanopy, shrub and epiphyte

data shows a marked discontinuity between quadrats 16 and 17 which is

related to species diversity and a change from P. hallii to P. colorats

in the shrub and subcanopy strata. It must be emphasised that the
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imilarity matrix
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1% by simple observation.

species)
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number of
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quantitative values of
Mueller-Dombois and Ellenberg
discuss the advantages
indices. '"However,

index is superier to another.

properties that one intends to emphasise.

that one is aware of

(MueTTer-bombois & Ellenberg, 1974, 222).
was considered impovtant that the canopy at least sho

a quantitative basis to give a more complete description of quadrat

by. indices of zero

where ¢

the complete extent of discontinuity or clustering of

for quantitative canopy data

{(no

indices used

itarity index for

the total number ef
species
ay-Curtis (1957} quantitative modification of
similarity index based on retative values (i

where €My
species common

(1974) and Whitt

one cannot conclude automati

the diagnostic capacity of a
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scontinuity exhibited by this graphing of similarity indices does

the

(Appendix 4)

the most extreme example in which clusters of similar

species in common) are

in this study are:

qualitative comparison
the number of species common
species in quadrat «,
in quadrat bh.

Sorensen's
mportance value)
i the sum of the smaller
to bhoth stands.

aker (1973) both

and disadvantages of the various similarity

ically that one similarity

The value of an index depends on the

It is important, however,
given index."
For the present study it

uld be compared on

similarity, that is not only in terms of species presence but also

the amount of each species pres

for ground cover, subcanopy, shrubs

presence made the qualitative similarity index more sui

of calculation

ent. The fact that the data collected
and epiphytes emphasised species
table. Ease

and the widespread use of Sorensen's similarity index



144
thus enabling greater comparability of results were considered

advantages in favour of this choice of similarity index.

The Choice of a Classification Technique.

The specific classification technique used in the present study
is the average linkage clustering technigue of Sokal and Michener
(1958) described by both Mueller-Dombois & Ellenberg (1974) and
Orloci (1975). It 1is polythetic (based on the presence of many
common characters (species)), agglomerative (groups are formed on
the basis of fusions), and hierarchical (small groups are further

combined according to their similarities into broader groups). The

%
A

advantages and disadvantages of the various classification techniques
are described by Sokal & Sneath (1963), Everitt (1974), and Orloci
(1975). In summary, for the present study it was considered
important that the classification was polythetic, that is groupings
were distinguished on the basis of as many species as possibie
(30 in the canopy classification), thus making the classification
more sensitive and hierarchical in order to give an indication of
overall quadrat similarities at successively lower similarity levels.
Finally it is noted that the cheice of either an ordination
or a classification technique for analysis necessarily channels the
emphasis of the analysis towards either a discrete community
interpretation or a continuum interpretation so that the natural
discontinuity evident in the data may be further emphasised by the
classification strategy adopted.

Canopy Quantitative Classification.

A classification of the 20 caropy samples for the York Ronad
Track Ridge is summarised on Figure 31 a dendrogram resulting from
the average linkege clustering procedure of Sokal and Michener (1558}
and described by Mueller-Dombois and Elienberg (1974) (see Appendix ).

The discontinuities in the data are further emphasised by the

resulting classification and at the 50 percent level of similarity
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Figure 31

CANOPY QUANTITATIVE CLASSIFICATION
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vantitative Classification

fMaan
an 1.V, an
o AT+ tude

Y @]
80.78

29.96
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~
I
0

1,770.66m

Group la Helichrysum sp. 147.60
Quadrat 2 Poa colensoi 28.56
Epilebium sp. 19.04 1,797m
Group 1b Coprosma pumiia 64.48
Quadrat b Rhacomitrium spp. 53.88
| Poa celensoi 14.34 1.6584m
Group 2 Rhacomitrium spp. 21.35
Quadrats 6,7 Celmisia glandulosea 13.42
Aniscotome aromatics 13.53 1.518m
Creup 3a Chionochloa rubra 70.13
Quadrats 8,9,10 Cassinia vauvilliersti 38.69
Dracophytium filifolium 40.76 1.365.33m
Group 3b Senecio elasagnifolius 83.04
Quadrats 11,12, Dracophytlum fitifolium 24.82
13,14,15 Coprosma pseudocunsata £9.91 1,207.20m

Group 4 Podocarpus hallit 64.56

Quadrats 16,17, Griselinia littoralis 51.86
18,19 Weinmannia racemosa® 30.72
in 18,19 only. 985. 50m
Group 4a Podocarpus hallif 114.45
Quadrat 20 P. colorata 59.95
Coprosma sp. (unnamed) 12.15 959m




148

Table 15. York Road Track Ridge
Similarity Level 40 percent

Canopy Quantitative Classification

Quadrat Greups, Dominant Species, Mean Importance Value, and Mean Altitude

Sample

Mean
Species Mean I.V. | Altitude
Group 1 Poa colensoi 47.56
Quadrats 1,3,4,5 Rhacomitrium sp. 41.82 1,677.33
Group la
Quadrat 2 SAME AS LEVEL 50%
Group 2
Quadrats 6,7 SAME AS LEVEL 50%
Group 3 Senecic elaeagnifolius 40.38
Quadrats 8,9,10,11,] Chionochioa rubra 31.31
12.13.14.15 D. filifolium 30.80 1,286.26m
Group 4
Quadrets 16,17.18,
19,
20 Regeneration SAME AS LEVEL 50%
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indicated on the dendrogram (Figure 31) several major groupings

or fusions of the quadrats are apparent. Quadrats 1, 3, and 4 have
fused to form a group, while quadrats 2 and 5 remain separate.
Quadrats 6 and 7 have fused to form another group and the largest
grouping apparent is formed by the fusion of quadrats 11, 12, 13.
14, and 15. Quadrats 16, 17, 18 and 19 fuse to form a single group
at 55 percent similarity while quadrat 20 remains separate.
Inspecticn of the dendrogram at 40 percent similarity shows only
five remaining groups as opposed to seven at 50 percent similarity.
The groups apparent are formed by the fusion of quadrats 1, 3, 4, 5,
quadrats 6 and 7, quadrats 8-15, quadrats 16-20, while quadrat 2
remains separate. At 30 percent similavity only three groupings

are apparent, quaerats 1-7, quadrats 8-15, and gquadrats 16-20.

By the 20 percent similtarity level only two groups remain, quadrats
1-7 and quadrats 8-20. A1l the quadrats are fused to form a single
group at 13 percent similarity. This classification is ecologically
meaningful in the sense that in a theoretical situation where
altitude was the prime gradient and discentinuities were apparent

in the data it would be expected that quadrats adjacent or near to
each other would exhibit greater similarity in their quantitative
vegetation composition. As the distance between quadrats
increased similarity would decrease. This is certainly the case

for the York Road Track Ridge data with only minor exceptions at the
50 percent Tevel of similarity. The classification also provides a
more ohjective basis for recognising community types, zones, or
associations than intuitive categorization or observation. Once
chosen a similarity Tevel is used systematically to give the groupings
recognised titles on the basis of the three quantitatively dominsnt
species. Altitudinal Timits and the mesn altitude For the groupings
recognised at similarity Tevel 50 percent appear on Figure 32 end

Tabie 14. The groupings recognised at similarity level 40 percent
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appear on Figure 33 and Table 15.

Ground Cover Qualitative Classification.

A classification resthing from a comparison of the ground cover
quadrats 1 te 19 on the basis of floristic similarity (see Appendix 6)
is summarized on  the dendregram Figure 34 and Figures 35 and 36
which indicate the altitudinal boundaries of the classification.
The dendrogram was constructed using the average linkage clustering
of Sokal and Michener (1958) and the similarity index used was
Sorensen's qualitative similarity index which has already been
described.

At the 50 percent Tevel of similarity é gyroups are apparent:

the first consisting of quadrat 2 by itself; the second consisting

of quadrats 1, 3 and 4; the third censisting of quadrats 5-9; the

1
fourth of quadrats 10 and 11; the fifth of quadrats 12-14; and the
sixth of guadrats 15-19,

e 40 percent level of similarity has only four groupings:
The 40 percent tevel of similarity has only four groupings

guadrat £ remains separate: quadrats 1 and 3-8 fuse to form the
second group; quadrats 10-14 fuse to form the third group; and

quadrats 15-19 remain as the fourtn group.

J

. ] '

The important species in each of the groupings identified at

1

the 50 and 40 percent tevels of similarity are summarised in Tables

16 and 17. Important species in this cese means species common .to

all the quadrats fused inte a single grouping. As well the dominant
species in quantitative terms (relative cover) are listed for further
comparison and the mean altitude for the quadrats in the groupings
Inspection at 20 percent similevrity reveals only two groupings,
the first formed by the fusing ef guadrats 1-9 and the secend by the

using of cuadrats 10-19. Finally at 4 percent similarity all the

i
quadratse fuse to ferm a single group.
Like the classification obtained for the canopy (top stratum)

species the prime gradient reflected is that of altitude with guadrats

w
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adjacent or near to each other in terms of elevation grouping
together first. Further to this the classification obtained in part

parallels that of the canopy species. This is obviously the case
for the higher altitude quadrats in which the ground cover and

we but for the

explanations.
Group 1b, COmpOéed of quadrats 5-9 does not coincide well with the
four separate groupings apparent in the quantitative canopy (top
stratum) classification, however the difference is one of a

qualitative versus a quantitative classification because in fact the

£

same species are being recorded in different ways. The remainder

of the groupings obtained at Towser altitudes are ecologically
meaningful in the sense that they p»r el approximately the
groupings obtained in the cancpy (top stratum) classification and

there appear to be geoed reasons Tor this. The Podocarpus-Griselini

Weinmanria canopy grouping identified between 897m and 1087m has its
equivalent in the ground cover stratum between 897m and 1L145m in

which impertant species include A. nervosa, P. colorata, B. Tiuviatile,

Cardamine sp., Uncinia spp., and P. vestitum, Although not common

to all guadrats most quadrats exhibit a raﬁge of the canopy species
seedlings in the ground cover and this in part could account for the
similarity of the groupings identified. Further to this it is possible
that the canopy influences ground cover composition because it Tmposes
in part the environmental conditions under which the ground cover
species must live. Thus it would be expected that the Podocarpus-

Griselinia-Weinmannia canopy would affect ground cover composition

differently to the Senecio-Dracophyllum-Coprosma canopy and the ground

cover composition would to some extent parallel that of the canopy.

The Senecic-Dbracophyllum-Coprosma cancpy grouping identified between

1108m and 1325m has its equivalent in the ground cover stratum between

L180m and 1250m in which important ground cover species include
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D. filifolium, G. littoralis, Coprosma sp.{unnamed), A. nervosa,

ense, and YUncinia sp.  The presence of seedlings of the

canopy species in the ground cover stratum particutarly D. fiTifolium

and Coprosma spp. appears in part to account for the coincidence of

the classifications. The
daifferent conditions imposed on the ground cover stratum by the

Senecio-Dracophvtium-Ceprosma canopy may also contribute to this

coincidence of groupings.

In summary the groupings identified at the Tevel 50 percent

simitarity for the ground cover stratum are:
1. Group 1 consisting of ats 1.3, and 4 an upper altitude

grouping of P. colensoi, Rhacemitvrium spp. and a range of

smaller hers species. Dominant species are Poa colensoi and

Rhacomitrium spp

—

2. Group la censisting of quadrat 2 an upper altitude group in
which the special conditions of substrate and moisture availability
apparent on a scree blow-out give rise LO a different species

composition. The dominant species is Helichrysum sp. (unnamed).

3. Group 1b consisting of quadrats 5 te 9 an upper to middle

altitude group of C. pumila, P. colensoi, a range of smaller

herb species, and the two Celmisias. The dominant species is
C. pumiia.

4.  Group 2a& consisting of quadrats 10 and 11 a middle altitude group
composed of some of the herb species characteristic of higher
altitudes, a range of shrub seedlings, and several larger ground

cover species including Ourisia macrophylla, Coprosma depressa,

Astelia nervosa and Blechnum capense. Biechnum capense is the

dominant species.
-

5.  Group 2b consisting of quadrats 12 to 14 & middie altitude group

composed to a greater extent of shrub seedlings and the large

ground cover species A. nervosa and B. capense. Astelia sp.
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(unnamed) is the dominant species.
6. Group 3 consisting of quadrats 15 to 18 a Tower altitude group
with a greater range of ferns in the ground cover and the
dominant species being P. colorata.

Subcanopy. Shrubs and Epiphyies Cualitetive Classification.

A classification resulting from a similarity matrix (see
Appendix 7) comparing cuadrats 15-20 on the basis of species present
(floristic similarity) in the categories subcanopy, shrubs and
epiphytes is summarised on the dendrogrer (Figure 27). The dendrogram
was constructed using the average linkage clustering method of Sokal
and Micherner (1958) and the similarity index used was Sorensen's
qualitative similarity index which has already been described.

At the 50 percent tevel of similarity four groups are apparent;
the first consisting of quadrais 15 and 16, the second consisting of
quadrats 17 and 18, the third the single guadrat 19, and the fourth
the single quadrat 20. Inspection at the 40 percent level of
similarity reveals only two groupings; the first of quadrats 15 and
16 as before, and the second resulting from the fusion of quadrats
17-20. The important species in each of the groupings identified
and the total number of species recorded in the groups is summarised
in Tables i§ and /9 and enables clarification and explanation of the
resulting classification.

Important species 1in this case means those species present in
all the quadrats fused to form a single greun. Thus in Group 1, formed
by the fusing of quadrats 15 and 16 at 50 percent similarity, three

subcanopy species P. haltii, P. colorata, and C. australis are found

in both quadrats. It is the number of species common to hoth quadrats
which determines the degree of similarity between thew. Inspection of
the raw daota, the summarised data, and the resulting classification

at tevel 50 percent similarity and tevel 40 percent similarity

reveals a discontinuity in the distribution of the subcanopy, shrub
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Table 16.

York Road Traclk Ridge

Similarity Level 50 percent

Ground Cover Qualitative Classification

Species in Dominant Species Mean
Common ( 25% Relative Cover) | Altitude

Group 1 Poa colensoi Poa colensoi

Rhacomitrium spp. Rhacomitrium spp.
Quadrats 1,3,4| Anisotome aromatic

Forstera bidwillii

Gaultheria sp.unnamed

Drapetes dieffenbachii

Colchanthus sp.

Celmisia ¢gracilenta var. 1,770.66m

Groun la

Quadrat 2

Helichrysun sp. unnamed Helichrysum SP-Unnamed

Poa colensoi
Epilobium sp.
Montia sp.

L,

797m

Group 1b
Quadrats 5.6,
7,8,8

Poa colensoi
Luzula sp.
Anistone aromatica
Forstera bidwilli

Gaultheriaspe.unnamed

Celmisia gracilenta var.

Coprosima pumila
Celmisia glandulosa

Coprosma pumila

Group 2a
Quadrats 10,11

Anisotome aromatica
Gaultherie depressa

CeTmisia graeilenta var.

Ourisia macrophytla
Uncinia sp.

Coprosma depressa
Dracophyllum Titifolium
Myrsine divaricata
Fstelia sp.unnamed
Blechnum capense
Muehlenbeckia australis

Blechnum capense
Astelia spsunnamed

{
Group 2b Dracophyllum filifolium Astelia Speunnamed
Griselinia littoralis | [Blechnum capense
Coprosma spsunnamed
Astelia Speumnamed
Blechnum capense
Group 3 Uncinia sp. Pseudowintera colorata

Quadrats 15,16
17,18

plus 19 regen-

eration.

Astelia spsunnamed
Polystichum vestitum
Blechnum fluviatile
Cardamine sp.
Pseudowintera colorate
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Table 17. York Road Track Ridge Ground Cover Quantitative Classification

Similarity Level 40 percent

Quadrat Groups

Species in Commen

Group 1
Quadrats 1,3.4
5,06,7,8, 9,

Peca colensos

Forstera sp.

Anisotome aromatica
Gaultheriao SP-unnamed
Celmisia gracilenta var.

Group la
Quadrat 2

As zbove

Group 2
Quadrats 10,11,

12.13,14

Drachophyltum filifolium
Astelic sp.unnamed
Blechnun capense
Unicinia sp.

As above




SIMILARITY INDEX (Sorensen)

Figure 37

SUBCANQOPY, SHRUBS &

EPIPHYTES

15 16 17 18 1920

QUALITATIVE CLASSIFICATION

158



13—

159

ROAD TRACK RIDGE

& Epiphytes  Qualitative

. . . (®)
Similarity Level 50%

GR632668 GR 632711

4
H
¢

M Quarry BlUff
T York Re.Hut

METRES{XI00

1

]

=
=

ALTITUD

Figure 39

N

3 4 5 6 7

KILOMETRES

Similarity level 50%

P.hallii,P,colorata, C.avstralis,Hymenophyllun sp.,
Grammitis sp.

iLdivaricata,P.sinplex,
5pPesie.flaccidun,

P.col
Copro.

Rubuc

2 ‘0lia, C.serratus, Cosnithid,
ophyllum sp.,4.f1laceidun, hubus Spey
s sp,yi.diversifolivn,

Similarity Level 407

1o P.hzllii.,?.colrxm{;a,C,aus'cmlis,’:'\vmenophyllw 5Pes
Grumnitis sp,

2, I'ecclorata, Cobenuifolin, imenophyllun sp.;

Alrlaceidun,




160
and epiphyte species. The separation of cuadrats 15 and 16 from

quadrats 17-20 at level 40 percent similarity appears to be related
to species diversity and the absence of a shrub layer in the forumer
quadrats. The higher altitude cuadrats 15 anc 16 at 1143m and 1176m
respectively exnibit many fewer species in the categories defined
and in fact no shrub stratum could he d?stinguished in either.

Qm Oﬁ
The discontinuity then is primavily one cf SULC es nresent with

the Tower altitude quadirats exhithit ing & wmuch greater range of
species particuiariy in the epiphyte cateooryv., This discontinuity
is further emphasised by the fact that P. hallii is an iwportant
component in the subcanopy of cuadrats 15 and 16 but in quadrats
17-20 P. colorata is dominant. The altitudinai distribulions of the
quadrat groups recognised at 50 percent and 40 percent siwmilarity
Tevels are depicted on Figures 38 and 29.

The comparison of the canopy and ground cover classifications
already describad revealed similarities in the guadrat groupings
identified and their altitudinal limits. This does not appear to be
the case for this c1ass1f1cation in that the groupings revealed at the
50 percent level of simiTarity between quadrats 16 and 17 and between
quadrats 18 and 19 do not coincide with the groupings obtained in the
other two classifications. Inspection of Figure 30 depicting the
similarity indices for adjacent quadrats also supports the observation
that the discontinuities evident in each vegetation stratum do not
coincide. Thus although a degree of similarity is present when all
of the classifications for the York Road Track Ridge are compared
the groupings obtained in any given vecetation stratum do not

necessarily apply to the other vegetation strata.
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Tawle 18.

York Road Track |
Qualitative

Stmilarity Level &0

nepy, Shrubs and Epiphytes

Quadrat

¢ Importent Species
ies | Subcanopy Shrubs Epiphytes
Group 1. -
Quadrats 15,16 5 | P. haltii - Hymenophytium sp.
P. colorata - Grammitissp:
C. australis
Group 2.
Quadrats 17,18 26 | P. colorata P. colorata Hymenophy Tium sp.
C. tenuifoiia | C. tenuitolial A. flaccidum
M. divaricata | Coprosma sp. Rubus sp.
P. simplex {unnamed)
Group 3. 27 . colorats . colorata Hymenophyllum sp.

Quadrat 19

C. tenuifolia

C. serratus

A.
Rubus sp.

flaccidum

Clematis sp.
M.

-
i

diversifoiiu

Group 4.

colorata

colorata Hymanophy 1 Tum
A.

Rubus sp.

w
=
.

tenuifolia flaccidum




162
vhytes

I
h

pi

nd E

U

()

o

st

i

perce

I8
U

Epiphyies
W

Hymenophy1lum sp.

UM

aceic

[

L%

b

Shru

b
L %3

colorat

P.

4
a2ta
(i

[1

P. color

1 .

You

B

Groun 1.




Chapter 7

DISCUSSION

Just as the purpese of this study was twofold, so it Togically
folTows thaet the conciusions fail into two main catecories. Firstly
the description and analysis of the vegetation of Mt Egmont must be
compared directly with the research already described in Chapter 1 in
order to cenfirm or refute the accepted notions of vegetation
distribution and zonation on Mt. Eumont  Secondly, and perhaps more
jmportantly, the results end analysis of this study must be compared
with those of other direct gradient analyses both within New Zealand
and cverseas. This will be attempted on two Tevels. At one level a
cotiparison with regard to the more descriptive aspects, for example
species composition, vegetation pattern and distribution, the "tree-
Tine"and snecies altitudinal limits, the conclusions reached in each
case with regard to the continuum and discrete community (association)
hypothesis. At another level the direct gradient analyses will be
compared on a theoretical basis, that is in terms of the methods of
data collection, location of the study, and methods of data
menipulation in order to determine whether or not the conclusions
chtained in cacn study are comparable and whether or not they relate
in any way to these theoretical considerations.

Finally an attempt will be made to amalgamate the contributions
of this study with regard to the description of the vegetation of
Mt Eament, the description of cther divect aradient analyses and
their theoretical considerations, and to propose a tentative

resolution of the continuum-discrete community controversy in terms
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of which of Whittakers (1970) hypothases (Tisted in the introduction)
appear tenahle for the It Eowmont vegetation data.

A11 of the vesearch Titeraturc on Mit. Ecmont's vegetation
supports the view that the vegatation occurs in distinct zones or
community types although in some instences {Schweinfurth (1962),
Cockayne (1%27) , and Druce (1964)) this kelief is qualified by
reference ) transition zones oy continuous variation from one
vegetation type to another. Druce (1862) ewphasises the continuity
of the vegetation more {tan any of the other workars., The results

and analysis of the prosent study support the view that distinct

)

vegetation zones do occur, tha . is natural aroupings of species
sharing simiiar altitudinal distributions and distinct from other
such groups. The houndaries of these vegetatiocn zones are defined
floristically, physioaromically, and structurally by discontinuit ies
in the vegetaticn, in particular those occurring at the tree-shrub
interface. However other discontinuities, for example the upper-
Tower altitude forest interface, are just as great, floristically at
least. This study differs from others described in that the
vegetation zones recognisec and their altitudinal Timits have a
quantit ative end objective basis. The vegetation zones recognised
in this study are of equal relative status (they contsin sites with
at least 50 percent quantitative similarity) and they have been
delimited according to an objective procedure in the sense that
although a sinilarity level is chosen arbitrarily, once chaosen it
has been used throughout enabling direct comparisons to be made of
data from cd¢ifferent sites and with any future data collected. 1In
The research work reviewced the zonation pattern delimited is based
more on ohservation and n intuitive ca.egorisation of the vegetation
(except Druce (1964) who gives severalquantitative values).

The quantitative classification proviced hy the present study

for the York Road Track Ridge and the interface analyses generally
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support the zonation patterns described by previous workers in

terms of species dominance but with minor differences in the
altitudinal Timits. There are however several important conflicting
points of comparison. One major difference is the number of zones
delimited for comparable areas and this probably results from the
use of quantitative methods in that the zones identified in this
study <atisfy the criteria of eaqual status (ecual internal
homogeneity). Thus where Cockayne (1928), Mason (1951), Wilson (1961)
and Druce {1964) simply Tist zones such as Herbfield or Fellfield,
the quantitative classitication recognises several categories which
belong wichin the general title Herbfield or Fellfield and yet
which have egual status with zones at lower altitudes. The inclusion
of L. bidwilii by Masen (1951) and Wilson (1661) in the sub-
antarctic ana colad temperate zones respectively appears to be an
overgeneralisation, particulariy with reference to the tree-shrub
interface data which clearly shows that the Libocedrus distribution
is too scattered and comnlex to be grouped into such a zonation
pattern. Libocedrus appears to distribute both as part of the upper
altitude forest canopy in locations such as lLake Dive, Stratford and
North Egmont, but also into the actual tree-shrub interface canopy
at North Egmont. It is absent in the York Road Track Ridge canopy
and poorly represented in the Dawson Falls canopy. Thus Cockayne's
(1928) approach of describing actual associations from within a
gereralizaed zone, for example Stratford Mountain House in which
Libocedrus forms a part, appears to be more rcalistic than including
lLibocedrus in a generalized zone. Unless this approach is adopted
Libocedrus is grouped with species such as W. racemosa with which it
very rarely associates. Schweinfurth's (1662, 7) note, confirmed

by J. Hernnessey, that Libocedrus is absent from the mountain forest
above Dawson Falls is incorrect. A comparison of the quantitati e

values reported by Druce (1964) for the Stratford side of Mt. Egmont
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shows a good deal of agreement with a Weinmannia maximum value of
67 percentage point cover at 2,635 ft (802.8Cm) compared to Druce's
66 percent cover at 2,750 ft (837.83m). The Senecio maximum value
of 45 percentage point cover at 4,200 ft (1279.60m) is Tow compared
to Druce's €6 percent cover at 4,000 Tt (1218.C6m). Druce's point
about Neinmannia and the other smaller trees malking up the majority
of cover in the lower alt itude fovest with Dacrydium forming only

a small propovtion of the cover (one cichth a wit h Metrosideros)

is also well supported with Yeinmennia alone achieving 50 percentage
point cover at 2,100 ft (639.8Cm) in comparison to the 5 percentage
point covar of Dacrydium. The cbvicus interrelationship between

P. hallii and G. littoralis in the upper altituds forest is not

mentioned in any of the Titerature reviewed and deserves more
detailed investigation. In the majority of locations described

G. Tittoralis appeers to begin life as an epiphyte on P. hallii,

eventually growing wup into the canopy.

A most impertant difference in interpretation between this
study and others,is the recognition that while there is obvious
vegetation discontinuity,it is clear cut at some locations and less
apparent at others.  The tree-shrub interface data best illustrate
this. The Lake Dive tree-shrub interface represents the extreme of
discontinuity in which the vegetation =zones are well defined with
change from one zone to another occurring within an increase of 30m
altitude. The York Road shrub-tussock interface represents the
extreme of continuity, so that if the 40 percent level of similarity
is accepted as the delimiting value for vegetation zones then the
shrub and tussock dominated quadrats together may be considered as
a single floristic vegetation zone. Druce (1964) claimed that the
progression of species dominance throuch altitude gives the vegetation
a large measure of continuity without any sudden changes. This is not

supported at locations like Lake Dive and Razorbacl where change of



167
dominants and subdominants is rapid. It is this interaction of

dominant and subdominant species, and the rate of change in vegetation
composition, which is critical in such an interpretation. If the
dominant and subdominant species show a deal of coincidence in altitudina:
Timits (at the disjunction), and change from one dominant to another

is rapid, there is 1ittle vegetation continuity. If, however, as is

the case at the York Road shrub-tussock interface, the change from

one dominant to another is gradual, and the degree of overlap in

species distributions of both dominant and subdominants is much greater.
there is & Targe measure of vegetation continuity. This continuity

or discontinuity may be physiognomic and structural as well as

floristic and in this respect Schweinfurth (1962) is perhaps the only
previous waorker to stress the point sufficiently. In addition,

depending on whether the zonation pattern empioyed is Floristically
based only or physiognomically, floristically, and structurally based,
the zones recognised may be different, for as noted previously, in

the tree-shrub interface G. Tittoralis cives a degree of floristic

continuity but changes in growth form.

AT the previous literature discusses zonation on Egmont
mainty in terms of the canopy stratum, although Cockayne (1928) and
Druce (1964) do provide some species 1ists of the other vegetation
strata. The implication is that a zonation pattern hased on the
canopy stratum holds for the other vegetation strata. This is not the
case however according to the comparison of the classifications
provided for the Canopy, Sub-canopy, Shrubs and Epiphytes and Ground
Cover at York Road. In that Tlocation, if a given similarity level
is accepted for all vegetation categories, the zones identified are
not identicel in terms of altitudinal Timits or extent. They are
simil ar for ground cover and canopy but very different for the cther
vegetation categories. Thus it dees not necessariiy follow that

discontinuities in other vegetation strata will coincide with the
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canopy enabling a zonation scheme to emcompass the total vegetation

péttern.

To summarise, the description and analysis of this vegetation
data collected at various locations on Mt. FEgmont permits a
refineent of the accepted notions of vegetation zonation. This is
hesed on  guantitative data, floristic, physiognomic and structural,
end this is not subject to the errors of judoment that may arise
thireugh observation of the vegetation pattern alone. The vegetation
6f Mt. Ecront for the most part exhibits discontinuities. These are
critical points along the altitudinal gradient at which major changes,
floristic, physioghomic, and structural, take place. This tendency
towards discontinuity enables a classificatory strategy to be
followed and vegetation zones or community types delimited at specific
similarity Tevels giving dominant species and altitudinal limits.
The zonation pattern thus obtained supports the sccepted notions of
zonation &lthough aititudinal limits, dominant\§pecies, and the number
of zones delimited varies to some extent. The data suggests that it
is more realistic to recognise that the degree of discontinuity varies
from ridge {0 ridge, as does species complement, and that the
tendency towards zonation is therefore more clear cut at some
locations than others. 1In view of this and the variation in species
complement, extending a zonation pattern further than two or so very
similar ridages causes such cvergeneralization that the vegetation
pattern thus described can only be superficial. Furthermore the
complexity of the zonation pattern is increased when other vegetation
categories, that is sub~canopy, shrubs, ground cover, are considered,
for the zonation pattern delineated for one stratum does not necessarily
hold for others. The variation of species complement and relative
species composit fon amongst the five Tocations on Mt. Egmont examined
appears to result from the past history of disturbance (including

volcanic activity and animal effects), differences in slope and aspect,
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general climatic and substrate differences, and the probabilistic

element of species distribution. The fact that quantitative species

compositicn has been cdetermined for sites whicihi can be accurately
located presents possibilities of future application of the data to
remote sensing techniques and <ubsecuent larce scale vegetation
mapiing.

Schweinfurth's (1962) comment that C-mont should be considered
in terms of the mejor variations in vegetation pattern latitudinally
has already becn rioted in Chapter 2. The results of the present
study may be compared with those of the other direct gradient
snalyses from New Zealand and overseas cited in Chapter 3. Fig.3,
a location map of the New Zealand gradient analyses, gives the
approximate latitude of each of the study locations ranging from
Mt. Anglem 46°43's to Mt. Egmont 39°17's, a difference of some 7°
Tatitude. The "tree-Tine" has always been considered as a prime
indicator of the different environmental conditions prevailing at
any given location although its definiticn is often not ciear cut.
Using the dafinition already employed in this study, that is the
alt itude at which a change in growth form from the predeminantly
tree-Tike grewth habit to the shrub growth habit cccurs, tne
differences in tree-Tine for the relevant studies are summarised
in Table 20 and Figure 40.

This data illustrates the generaily accepted %rend of the
tree-1ine occurring at lower altitudes the higher the latitude.
Thus at Mt. Anglem the tree-line occurs at only 640m while on
Mt. Egimont at approximately 1,100m. . The quantitative data on
species composition collected in this study enables not only a
simple comparisen of tree-line,but rather an overall comparison of
the performance of major canopy species common to the Tocations
reviewed. {See Figure 41). The fact that Egmont Tacks a number
of species has already been mentioned in Chapter 2. The most

notable absence is that of Nothofagus. In all the New Zealand
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TABLE 20

New Zealand Gradient Analyses: Compariscn of Tree Line.
Location lLatitude Qj}itudgﬂ,

Metres Fgeb
Mt. Egmont 39°17's 1,100 3,600
Mt. Colenso 39%4's 1,279 4,200
Hollyford Valley | 44%30's 990 3,250
Lake Hankinson 450 2 914 3,000
Secretary Istand | 45°15'S 893 2,950
Mt. Anglem 46°43's €49 2.100

gradient analyses reviewed except Mt. Anglem, lothofaqus species

are an important component of the vegetation. This enabies close
examination of the performance and ‘interaction of impertant canopy

species such as G. Tittoralis, W. racemosa, L. bicwillii, and P. hallii

in the absence of Nothofagus. It &lse enables a quantitative
comparison of the tusscck, herbfield, and fellfield communities which
on Egmont are also lacking "in a range of the so called "mountain"
species. The absence of Nothofaqus on Mt. Egmont appears to have
major effects on the relative importance of other species throughout
the lower part of the altitudinal gradient and on altitude of the
tree~Tine. In the studies reviewed, where Nothofagus is present it

tends to deminate and reduces other species such as G. Tittoralis and

P. hallii to minor components of the cariopy only.

On Mt. Colenso for example (Ogden, 1971), G. Tittoralis

consistently remains subordinate to N. fusca reaching a maximum
importance value (Relative Frequency plus Relative Basal Arca) of
53 at 3,650 ft (1,112m) the highest altitude at which it was
quantitatively recorded. Its altitudinel distribution is therefeore
similar to that on Mt. Lomont and it prevides a degree of floristic
continufty from the Nothofagus dominated Stand 3 (3,250 ft 990m) *c

Stand 4 (3,650 ft 1,112m) in which shrub species are beginning to be
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recorded in the canopy. In contrast to its distribution on Mt Egmont

however, G. 1littoralis is not ciasely associated with P. hallii which

is recorded cnce only with an importance value of 4 at 2,750 ft (837,).
P. colorata, an important understorey tree on Mt. Colenso, has a
similar rcle on the York Road Track Ridde of Mt tgmont but its upper
altitudinel Timit is some 400 ft (121m) hicheyr on Mt Egmont.

The Helilyford Valley and Secretary Island gradient analyses both
provide data enabling comparison of the distribution of W. racemosa.
In both lccaticns Heinmannia is the major component of a lower
altitude forast in which it progressively gives way to N. menziesii
with increasing altitude. As would be expected Heirwpan: fa's upper
altitudinal Timit is much Tlower in these South Island Tocations
than on Mt [Egmont,where instead of giving way to Nothofeaaus it is

P. hallii and G. Tittoralis which assume dominance. The distribution

of P. hallii at the Secretary Island location is also different to
that on Mt Egmont,not only in altitudinal limits,but also in the
way in which it tends to overshadow the Weinmannia distribution at
its upper altitude,but never achieving dominance in its cwn right as
it does on Mt Cgmont. The greater competitive ability of Nothofacus
may prevent this at Secretary Islend whereas on Mt Egmont such
competition does not exist. The Mt Anglem study also provides

comparable data on the distribution of W. racemosa, D. cupressinum.

G. Tittoralis, and P. hallii and further to this, Nothofagus 1is
absent as is the case on Mt Egmont. W. racemosa records highest
densities in the Lowland Podocarp-Broadleaved Forest Community where

it is associated with D. cupressinum and P. hallii. W. racemosa and

D. cupressinum interact in a similar manner to that recorded in the
Stratford side of Mt Egmont, but again, P. hallii never achieves the
dominance so characteristic of the upper-altitude forest on Mt Egmont.

G. littoralis is also less important than on Mt Egront and as well
g

does not appear to be closely associated with P. hallii. L. scoparium
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appeairs to fill the role performed by say P. colorata on the York

Road Traci Ridge or P. colensoi at Dawson Falls on Mt Egmont, that
is, an intermediate between the tree dominated and the shrub
dominete communitics. 0. colensoi, dowinant in the subalpine
scrub of ¥t Anglem, is the physiognomic equivalent of

S. elacagi i7oYius on Mt Egmont. Mells and Mark (1966) note that

he~b densities are cuite Tow in the subalpine scrub, perhaps because
of the dense canopy, and that they increase in the shorter more open
scrub.  This is alsc tne case on Mt Egmont.

The main tussock, herbfield, and fellfield species distributions

which are comparable with this study are those of H. bellidioides,

C. rubra, end D. filifclium as described by Gibbs (1966) on

Mt Ruapehu (see Figure 42). These species interact in a similar way

to theiyr counterparts on Mt Egmont, and as well, their altitudinal
Timits are very similar &s wouid be expected because of the similar
latitude. The difficulties of fluctuating species distributions

threugh altitude as the result of differences in substrate and drainage
factors noted by Gibbs (1966) have also been described earlier in

this study. HNear the Bruce Road on Mt Ruapehu C. rubra reaches its

maximum importance value 30 at 4,550 ft (1386m), D. fitifolium

fluctuates markedly reaching a maximum importance value 29 at 4,600 ft

(1401m), and H. hellidioides veaches its maximum importance value

33 at 5,500 ft (1675m). Comparable values on the York Road Track

Ridge are 100 at 1410m for C. rubra, 75 at 1325m for D. filifolium,

and 147 at 1797m for H. hcllicdioides. The large discrepancies in

importance value may in part be due to the fact that the method of
celculation is not exactly comparable, although a much greater range
of spacies §s recorded in the upper altitude Mt Ruapehu data. Few

¢f the other tuszock, herbfield and fellfield species distributions
from the South Island gradient anaiyses are comparable with this study.

The South Island examples exhibit a much greater range of species
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from any given ¢enus so that instead of the single Chionochloa

species on Egmont, three species, each with different distributions,
are recordaed in the Humboldt Mt study of Mark and Burvell (1966),
and again where two Celmisia s.ecies wera recorded in the Egmont data,

nine species ave Tisted in the Humboldt it deta. Overall then the

-
o
=
)
—

impressions gained in compaving species sitit Timits, reictive

importance or perfornance, and species interaction are Tirstly that

T

the MU Cgmont data elucidates several major species distributions
because of a unique species complement end the absence of Nothofagus
and secondly a realisation that the range of species on Mt Egmont
is considerably less.

Finaily, the Tower tree-Tine on Mt Fgmont at 1100m when compared
with that at similar latitude on Mt Colenso {127%n) may in part be
explained iy the Tack of Nothcfagus on Egmont. Additionally the

major climatic differences imposed by Ecaont's exposed coastal

p»

Tocatien must also be partly responsible.

The direct gradient analyses reviewed draw conclusions as to
which type of interpretation of vegetation pattern is more
appropriate. In fact several of those reviewed set out specifically
to formulate conclusions regarding the continuum and discrete
community Lypotheses, for example Beals (1969) and Mark and Burrell
(1966). in the majority of examples reviewed the continuum concept
of Whittaker (1956) is favoured although most authors qualify their
support for orne or other of the hypotheses noting exceptions to
otherwise continuous variation, transition zenes, or even using a
classification or community grouping as a ccnvenience for vegetation
descripticn. The various conclusions drawn in the gradient analyses
reviewed are summarized on Table 21. It must be borne in mind however,
that such a summary necessarily categorizes and summarizes the

conclusions and may in part be unfair to some, for example even

Whittaker (1956) noted minor trends contrary to the continuum hypothesis.
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TABLE 2%

Direct Gradient fnaltyses

Summary of Conclusions.
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Author l.ecation s oloEz Coments
S| & @
Wk Q@ L-‘..,
Whit taker,R.H. | Great Smeky Mts. | X A continuum of vegaiation.
fennessee,U.S.A
Beals,E.W. Bati, Combolchia | X Y | Capable of forming both.
Ethiopia
Reeder,W.G. & | Santa Cruz, X X 1 Continuity however some
Reichert,S.E. | Galapagos discentinuity present in the
form of zone separation by
equally dominant species,
Mark,A.F. & Hollyford Valley | X
Sanderson.F.R.| Fiordiand,N.Z.
Mark,A.F. Secretery Istand | X Still recognised an abrupt
Fiordland,N.Z. chenge &t 475m enabling
distinction of two forest
types.
Scott,G.A.M. Lake Hankirson X Impractical to recoonise
et.al. Fiordland,N.Z. discrete communities
although two facies were
appavrent.
Wells,J.A. & Mt Anglem X | Four communities separated
Mark,A.F. Stewart Is.N.Z. by discontinuities in
physiognomy and floristics.
Mark,A.F. & Humboldt Mts. X | Abrupt changes in structure
Burrell,d. Fiovdland,N.Z. enabled recognition of
separate communities.
Daly,G.T. Otago, N.Z. X A continuum of vegetation.
Gibbs,J.G. Rruce Road, X | Floristic discontinuities.
Mt Ruapehu N.Z.
Clarkson,B.D. | Taranaki Falls X | Floristic discontinuities.
Mt Ruapenhu N.Z.
Ogden, J. Mt Colenso X A continuum of species.
Ruahine Range
N.Z.
Clarkson,B.D. | Mt Egnont N.Z. X X | Capable of forming both but
generally discrete
communities.
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Khen the range of conclusions reached is considered it becomes

apparent that there are several possible reasons for the conflict, and
following cn from this the controversy, between the continuum and
discrete community hypotheses. The possibilities are:
1. that for each site the correct conclusion has been drawn; that

is hoth hypotheses are tenable,
2. that ihe conclusions reached are influenced by the methods of

data collection and da*a manipulation and thus have been

prejudiced in favour of one or other of the hypotheses,
3. that only one of the hypotheses is correct and proponents

of one or other have drawn invalid conclusicns.
Before the first er third possibilities Tisted can be eramined the
grad ent analyses reviewed must be compared in terms of the second
possibility in order to decide whether or not the conclusions
obtained iave in any way been influenced by the methods of data
collection and data manipulation. A range of data collection and
data analysis procedures are used in the direct gradient analyses
reviewed and several may be considered as possible influences.
Under the heading data collecticn, altitudinal interval employed
and altitudinal range encountered will be considered. Under the
heading dota analysis. amalgamation of data and classificatory versus
ordination techniques will be considered. Examples of the possible
effects of these theoretical considerations on the direct gradient
analyses reviewed can easily be provided. The altitudinal interval
empioyed may affect the conclusicns reached if, for example, the
interval is so great as to fail adesuately to detect and thus describe
a species distribution through altitude. Possible effects of an
altitudinal interval that was too oreat could he a loss of the
"tails" of species distributions,so that species which in fact
associate over part of their respective ranges appear to cistribute

more separately than is actually the case. What hypotheses might
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be favoured by such an interval selection is questionable and would

depend on whether the species concerned were dominants or velatively
minor components of the vegetation. large altitudinal intervals, as
in the case of 242m (Daly, 1967) or 188m (Qgden, 1971), might
possibly smuoth out mejcr species distributions and make asscciated
species appear to be more individualistically distributed. The
effect of the larger altitudinal interval employed for the Stratford
data (140m) already described in Chapter 6 of this study was a
smoothing of distributions, although in spite of this the vegetation
pattern coincided well with sites where a smailer altitudinal

interval was employed. It is possible that increasing the aititudinal
interval could favour a discrete community interpretation if "tails"
of species distributions are lost. However, whatever the effect, it
is obvious that much greater consideration of the magnitude of the
altitudinal interval should be made. A comparison of data ccllected
from the same locaotion employing different altitudinal intervals
would be invaluable in this respect. The altitudinal range employed
could be one of the underlying causes of the conflicting conclusions
reached in the studies reviewed. Some of the altitudinal gradients
considered encounter a much ureater rangs of vegetation (forest
through to herbfieid) and environmental conditions than others. As
well, the rvate of change (deterioration) in environmental conditions
along the altitudinal gradient varies. Thus the different altitudinal
gradients described are not equivalent. It seems obvious, for
example, that Ogden (1971) and Mark (1973), dealing with altitudinal
ranges of 360 and 898 matres respectively, should conclude in favour
of a continuum of vegetation, while the present study should tean
more towavrds discrete community tvpes in that the altitudinal range

is neariy 1000m and therefoie 2 greater range of vegetation types and
environmentel chainge is to he described andanelgaed, /A comparisch

of all the direct gradient analyses rev ewed does not support this
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notion however, for example Gibbs (1966) and Mark and Burrell (1966),
employing altitudinal ranges of 487 and 560m respectively, still
favoured the discrete community approach, while Daly (1966), dealing
with an altitudinat range of 1553m, coricluded in favour of the
contin uum hypoinesis.

Fnalcamation of data, that is the grouping and averaging of data from
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ites, is carried out by Whittaker (1956),

Beals (196%), Reeder and Reichert (1975), and Gibbs (1966), although
the actual proceduré and effect is different in each of the studies.
Beals, Reecder and Reichert, and Gibbs grouped and averaged data which
was only stightly spatially separated since samples grouped and
averaged came from single transects. Reeder and Reichert thus
grouped and averaged the results of five Tinearly arranged contiguous
10 x 10m quadrats located altitudinaily and along the contour.

Beals grouped end averaged the results of five samples (each sample
consisting of ten plots 20 x 10m) into segments representing fifty
metres of altitude. Gibbs grouped and averaged the results of up to
twenty-three quadrats 2 x 2m from any one altitude. In each of

these cases however the data which was grouped and averaged still
came from the same data transect or line aiong the altitudinal
gradient. Whittaker (1956) on the other hand grouped and averaged
data from spatially separated transects and into segments representing
200 or 360 ft (60.73m or 91.40m) of altitude. Most of the New
Zealand gradient analyses reviewed are single transect altitudinal
gradients as is the present study for the main part. The possible
effects of this type of data amalgamation have already been noted

in Chapter 6, that is, amalgamation tends fo increase data
heterogeneity in any segment of data,while the averaging procedure
then smooths out the species distributions so that a generalised
picture of species distributions is achieved; a distribution which
cannct be located on the ground. The example given in Chapter 6

of this study supports thc view that this data amalgamation may
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increase the apparent continuity in a given vegetation data set

thus prejudicing the conciusions in favour of the continuum
hypothesis. There may he cases whe-e such data amalgamation could
strongthen the view that there are discontinuities in the data,

but whatever the effect of “ata amalgamation it is obvious that
careful cencideration should be given to such a practice. If a
cencralisation oV species distributions from a range of spatially
sepavaeted lecations is requirved, emaicamation will do the job, but
the resulting <pecices distributions described are unreal since they
cannot be Teceted on the ground. It is alsc poss-ibie that quadrat
size could have a similar influence on data interpretation. For

~

exampte, if the quadrat howogeneity constraints of quadrat size

noted in Chapter 4 ave not met the resulis obtained are in effect
an average of species representation over a greater or lesser
envivenmental range at any given altitude.

The fact that the strategy adopted in analysing vegetation data
may influence the conclusions drawn, that is, whether or not a
classificatory or ordinatory approach is employed, has also =Tready
been noted in Chanter €. In general it appears that the approach
employed in part determines the conclusions reached with regard to
the continuum and discrete community hypotheses. An attempt was made
in this study tc aveid this problem although it seeimns Tikely that
particularly 1in some of the earlier gradient analyses described
this may not have been the case. Overali it appears likely that the
processes of data selecticn and data analysis influence the
conclusioris drawn in any given direct gradient analysis, however
this still only partly resolves the conflicting conclusions reached
with regard to the continuum and discrete community hypotheses.

It is therefore obvious that the conflicting conclusions result
from fundomental differences in the vegetation patterns described
by various researchers. Thus species distributions may be considered

to form a spectrum ranging from species distributions which are
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essentially individualistic (foviming continua) through to speacies

distributions which exhibit association and marked discontinuity.
Therefore in reference to the hvpotheses listed by Whittaker (1970),
hypotheses two, three,and four appear tenable on Mt Egmont at least.
Hypotresis one, the extreme of aiscontinuvity, appears to be too
precise to be met hy the Lgmont data. Although major discontinuit ies
(floristic and physiognomic) ware recognised in the vegetation
strata on Mt Egmwont, tle discontinuities in each stratum do not
coincide to the exten” reauired to satisfy the first hypothesis.
Hypothases two, three,and four all appear tenable for the Egmont
data although the support provided by the data can only be general
because the saupling was not designed specifically to test each
individual hypothesis. If hypotheses two, three,and four are viewed
as a spectrum of pessibilities for species distributions ranging
from a corntinuunthreugh toc discontinuity then several exampies have
been determined in the Egnont data. The Lake Dive and Razovrback
locations represent species distributions with marked discontinuities
and a rapid rate of change from one group of dominant and subdominant
species to another. The York Road Track Ridge shrub-tussock interface,
the W®awson Falls tree-shrub interface, and the York Road Track
Ridge tree-shrub interface represent locations at which there is
greater continuity in vegetation pattern with centres and boundaries
of species populations scattered along the altitudinal gradient.

In the perspective of the various aititudinal gradient analyses
examined however it is obvious that overall the species distributions
on Mt Egmont show a greater tendency toviards discontinuity than is

apparent at many other locations.
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