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ABSTRACT 

A direct gradient analysis was conducted on Mt Egmont, New Zealand, 

firstly to examine quantitatively changes in composition, physiognomy 

and structure of the vegetation along the altitudinal gradient in order 

to investigate the accepted notions of vegetation zonation, and second­

ly to relate such an analysis to othef New Zealand gradient analyses 

and to the two views on vegetation description and analysis, the 

continuum view and the discrete community (association) view. 

Vegetation data was collected at altitudinally defined sites on 

five mGijor ridges on Mt.Egmont; North Egmont (81unde'l1 1 s Track� 

Ngatoro Track and the Razorback), York Road Track Ridge, Stratford 

(Surrmit Road), Dawson Falls (Summit Track), and Lake Dive Track Ridge. 

The data collected on the York Road Track Ridge provided the basis 

for describing altitudinal change while the remainder was used to 

examine in detail the tree-shrub and shrub-tussock interfaces. 

Sample size (quadrat and line transect) was determined after 

minimal area checks to ensure that a representative combination of 

species \A!i.:1S sampled at each site. Dato. from a total of sixty plots 

was co 11 ected a.nd pre l i nri nary ana. lys ·1 s, i nc'J udi ng graplri ng of the 

major species distributions and cakulc.tion of sim'ilarHy matr'ices 

to compare quadrats� revea.1ed a. tendency tmvard d·iscontinuity in 



distributions. This allowed a classificatory rather than 

ordinatory strategy of data analysis to be fol1ov,;ed. Cluster 

analyses based on statistical tests of species association were 

used to determine "natural" groupings of positively a.ssociated 

species and qualitative and quantitative classifications of samples 

were used to define vegetation zones or groupings at specific 

similarity index levels. 

iii 

Tree�shrub interfaces and tussock-shrub interfaces were compared 

on the basis of species complement ) the degree of floristic, 

physiognomic and structural discontinuity fo the vegetation, and 

differences in species interaction at each of the locations. 

The effects of data amalgamation, altitudinal interval employed, 

altitudinal ra.nge encountered, a.nd classificatory versus ordinatory 

techniques, on the conclusions drawn were examined. 

Graphing of species 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. In contrast to previous research the 

vegetation zones identified have a quantitative and objective basis. 

Comparison of the results with those of other New Zealand 

gradient analyses enabled elucidation of several major species 

distributions and species interactions 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 ma.jar approaches ( continuum or d·i screte 

community types) to vegetation description and ana.lysis. 

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

faces showed that the vegetation on Mt Egmcmt exhibits a spectrum of 

species distributions ranging from continua through to discontinuities 



at different locations 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 locations, and differences in 

environmental factors including slope and aspect. 
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Chapter 1 

INTRODUCTION 

The aim of this research is two-fold:- firstly an attempt 

has been made to examine quantitatively the changes in composition, 

physiognomy, and structure of the vegetation betvJeen 2,600ft (792m) 

and 6,100ft (1,858m) in order to confirm or refute the accepted 

notions of zonation pattern on Mt Egmont of Buchanan (1869), 

Cockayne (1928), Mason (1951), Schweinfurth (1962), Wilson (1961), 

Druce (1964, 1966, 1974), and George (1967); 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 (association) 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 living 

with one another, and giving way at a sharp boundary to another 

assemblage of species adapted to one another. 

2. Competing species exclude one another along sharp boundaries,

but do not become organised into groups with parallel distributions. 

3. Competition does not, �or the most part, result in sharp

boundaries between species popula:t·ions. Evol utfon of sped es 

towards adaptation to one another will, however, result in the 



appea ranee of groups of species with similar di stri but ions. 

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 repr�sent the range of possibilities 

from individua�istic species distribution through to distinct 

species assemblages or communities so that an analysis of the data 

in order to test these hypotheses should pro vi de further evidence 

for or against the major schools of thought in vegetation analysis. 

Thesis organisation 

The 1 iterature relevant to this study of vegetatfonal change 

along an altitudina1 gradient on Mt Egmont can be subdivided into 

four main categories. First s there are the studies of Mt Egmont's 

vegetation listed above which are reviewed in Chapter 2. Second, 

there are the original gradient analyses and particularly the work 

of Whittaker (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 a.re the more recent 

altitudinal gradient analyses which add new dimensions and directions 

to Whittaker's original work notably Beals (1969), and Reeder and 

Reichert (1975). Finally, there are the New-Zealand based altitud­

inal gradient analyses in the main carried out in the south of the 

South Island and which provide useful comparisons with the results 

described in the present study. All of these d·irect gradient 

analyses are reviewed in Chapter 3. Chapter 4 describes and 

justifies the methods of data collect'ion employed ·in the present 

study. Chapter 5 consists of the site descriptfon for the York 

Road Track Ridge the major sampling location. Chapter 6 descr·ibes, 



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 compar·ison with the literature 

reviewed in Chapters 2 and 3, which attempts to relate directly 

back to the research aims described in Chapter 1. 

3 
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Figur� 1 
LOCATION OF SAMPLE SITES 

York Road Track Ridge 

North Egmont 

Dawson Falls 

Lake Dive Track Ridge 

Stratford 

Track following ridge above 
Waipuku(York Rd)Hut,, 

Tracks above North Egmont Chalet. 

Summit Track betw�en Park Interpretation 
Centre and Hooker Hut. 

1:rack from La_ke Dive Hut to Kapuni Lodge'" 

- Alongside road leading to Str�tford
l<ountain House€>



0 

ti)w X 0:: i-f-
� w 
LL 

2437 so 

2285 75 

2132 70 

1980 65 

13] f 

60 

1675 55 

::+: 1218 , 40 

1066 35 

914 30 

:+:: 457 L15 

< 

�r----
�(O 
(3Cb 
::::::i .,__ 
co 

SPECIES UST 

l-liGHEST VEGETATION 

SPECIES UST 

OPEN SHRUBBY REGION 

A 

!JJ 
� 
¢� 
(50) 
C) ,...._
(._) 

SCORM COMMUNtnES 

FELLF!ELD 

1-IERBF!ELD

TALL TUSSOCK HERBFIELD 

SHRUB COMPOSITE - SCRUB 

� � 
<t, 
(J 

C 

3 

� 2 
§ 8
� � ' "'-t 

-11--. 

01../) 
a:IJJ ag§ 

�� §--
V)� 

tJ 
0 

g0 

f:: �� 'C 

8 

� 
wco

1 
0 

� 

I 
I 

Lu co 
� 
'6 

lJJ 
[L 
2 
l.JJ 
!--· 
0 
_j 

< 
Cj ,_ V) l[)
�8 

!Jfvf!T OF FLOWERING PLANTS

SC.REE 8 ROCK COMMUNITIES 

SCATTEP.ED HERBF!ELD 

TUSSOCK - MEADOW 

TUSSOCK 

SCF?UB - TUSSOCK 

BOUNDAP.Y SCRUB 

SUB ANTAFWC 
Weinrnann!O -Podocarpus-

Libccedrus 

SUBTROPICAL 

C 

Figure 2 MOUNT EGMONT VEGETATION ZONES PROPOSED 1867 -1965 

� 
0 

� 

+ 
w 

O:.'. 
LU 
CL ' 
✓.:. 

w l-

< 
Cj ._ 

V) (0
�� 
s. 

BARRENS 

FELLFIELD 

ROCK & 

SCREE 

MOSS/HERBS 

TUSSOCK 

SHRUB-TUSSOCK 

CO/v1POS!TE SHF?UB 

COLD TEMPERATE 
Poa·ocarp - Cedar -

D1coty{ous 

SUBTROPICAL 

D 

0, 



2::. 
g§ 
l_( 

�� 
W O) 
$,-._ 

MOSS L EVEL 

TUSSOCI< LEVEL 

SHRUB LEVEL 

UPPER FOREST 

LOWER FOREST 

gure 2 contdf) 

�'1-
::s (()
Ct: 0) 
c::i .,__ 

1sp 1--------· 
I 5sp. 
1--- - - ,-- - -
10 sp Flowermg Plants 

.,.._ ____ _

f-lCtNenng Plants Decreased
501/. 

MOSS f-lERBFIELD 
End of contmuous cover 

HERBFIELD 
Herb cover> Tussock 

- Senecio 661/.mcx- �

UPPER FOREST 1------
Wemmannia 66"/. 

LOWER FOREST 

F 

�l() 

f5 (() 
Lu 2:: 
� 

SCREE COMMUNITIES 

HERBFIELD 

TUSSOCK 

SHRUB COMMUNITIES 

UPLAND FOREST 

LOWLAND FOREST 

G 

I-
I- w
w w 
2 LL 

2437
] ["o 2285 75 

2132 70 

1980 65 

1828 60 

1675 55 

1523 50 

1371 45 

1218 40 

1006 35 

914 30 

761 25 

609 20 

457 15 



Chapter 2 • 

THE VEGETATION OF MOUNT EGMONT: REVIfl� OF THE LITERATURE 

Zones or belts of vegetation have long been recognised 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 ori Figures 2a - 2g along with a1titudinal "limits 

a.nd majorcanopyspecies where poss·ible. As is to be expected some 

of the species identification of the earlier researchers on 

Mt Egmont have subsequently proved inaccurate. For s·imp1 icity the 

known inaccuracies have been corrected in this review with either 

the correct specfos name or 1 eft with the genus name on 1y where 

necessary. A.P. Druce's unpublished checklist of the higher plants 

of Mt Egmont and in particular the section entitled ''Doubtful and 

Erroneous Records not included in the Main List 11 p. 50-54 farms 

the basis for these corrections. Metric altitudinal equivalents 

ha.ve a 1 so been ·included where necessary. 

Buchanan (1869) concentrated mainly on providing a list of 

species co·1·1ected on Mt Egmont with part'icular reference to the 

altitude at which the species were found. He did however describe 

two major vegetation categories: the bush (up to 3,500ft (1,066m))� 

and an open shrubby region (at 3,500ft (l,066m)). The tree 

species listed as being most common included Weinmannia racemosa, 



Metrosideros robusta Podocarpus totara, �htia excelsa, Dysoxylum 

specto.bile, Podocarpus ferrugineus, Melicytus ramiflorus, Aristot­

elia serrata, Pseudowintera colorata, and Schefflera digitata. In

the open shrubby area Buchanan listed the most prominent plants as 

being Libocedrus bidwillii, Senecio elaeagnifolius, and Olearia 

arborescens v�hile other common species included Pseudopanax simplex 

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

ium, and Dracophyllum filifolium. Although not emphasising zonation 

Buchan an listed the species common above the sh rub by region and up 

to 5,000' (1,523m) as.Ranunculus nivicola !I Ourisia macrophylla, 

�pilobium glabellum s Epilobium nummularifoliurn, Euphrasia cuneata, 

Celmisia g1andulosa var. latifolia, Celmisia gracilenta� Forstera 

bidwillii var. densifolia, and Drapetes dieffenbach·ii. Finally, 

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

scattered plants of Claytonia austra'lasica� Anisotome aromatica, 

Hel ichrysum sp., �✓ahlenbergia a, and Poa spp. Buchanan ts 

description resulted from an approach via the Pouakai Ranges, 

Ahukaka\A1a Sviamp, and then an ascent to approximately 6,500 1 (1, 980m) 

on the west face of Egfri0nt. The reason for th"i s route of ascent 

"by the side facing �✓est, as offering a more varied vegetation 11 

(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 composition. 

Cockayne (192 8) in Section 111. "The Vegetation of the High 

Mounta'ins 11 describes several aspects of Egmont's vegetation in 

terms of a classification of plant communities. Chapter 1 General 

Remarks includes a section on Vertical Distribution (the helts of 

vegetation) in which Cockayne describes V,Jhat he considered to be -'-he 

major causal factors for zonation. 

8 



"All irnportanLis the average winter snow-line above which the 

ground for some months is covered continuously \\lith snow. Below 

this 1ine the covering is not continuous, though at intervals more 

or less snow lies on the ground throughout winter. 11 (Cockayne, 1928,

226.) 

Given this as the major causa 1 factor Cockayne recognised hov.; 

edaphic conditions, change of latitude, and moisture availability 

complicates the vertical di stri butfon in such a way as to make it 

imposs·ible to supp1y definite heights for the belts of vegetation. 

A general cla.ssi fi cation in terms of length of time of snow cover 

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

Tab.le 1. 

Average length of time of snow cover and corresponding vegetation. 

belts (after Cockayne 1928) 

VEGETATION BELT LENGTH OF SNOW COVER 

Max. winter snow cover to perpetual snow­
fields 

lesser period than above 

9 

Alpine Belt 

Upper Subalpine 

Lower Suba l p-ine 

Montane 

no continuous cover greater than 1-2 weeks 

Lowland 

snow 2-3 days/year 

0-2 days/year

Before actually proceeding to describe and classify the plant 

communities in relation to the broad vegetation belts al ready 

summarised, and with respect to major species, physiognomy and 

climatic and edaphic factors Cockayne stated an important reservation: 

11the distinction between lowland ('in some localities) montane and 

subalpine forest is arb"i trary, an grading 'into one another and 

possessing many species in common. 11 (Cockayne, 1928, 254.) 

This statement seems very ·important in light of the more recent 



to vegetation description and analysis however,Cockayne 

say: 

10 

11 Neverthe1ess in proceeding from the lowlands to the timber 

line, well marked belts of vegetation are encountered, the true 

lowland species according to latitude and aspect, going out at 

certain altitudes and being replaced by those of the high mountains; 

also there are purely high mountain associations 11

• (Cockayne, 

1928, 254-. ) 

Vegetation communities are then defined and described including 

several from Mt Egmont under the categories Subtropical Rain 

Forest a.nd allied communities, Shrub-composite Scrub, M·ixed 

communities:- Rock, Scoria, Fellfield of the wet mountains, North 

Island Dry Herbfield a.nd Tan Tussock Herbfield. 

In the category Subtropical Rain Forest Cockayne described 

two groups of a.ssoci at ions found on Egmont the first a ( Kamahi) 

W. racemosa group and the second a (Southern Kaikawaka - totara)

L. bidvrir!ii - P. hall-ii group. AW. racemosa (Gob1fo Forest)

association was described as occurring as a. di stfoct be 1t from the 

ne·i ghbourhood of DavJs0t1 Fal 1 s to the North Egmont House and probably 

extending right around the mountain. The main species included 

at first some comparatively low statured trets of Dacrydium cuoress­

inum giving way to vJ. racemosa decreased fo stature and much 

branched. Importa.nt small trees a.nd shrubs ·11sted v1ere Griselinia 

littoral is :1 fochs i a excorti cata., PseudovJintera col orata, Ca rpodetus 

serratus, Coprosma. parviflora, and Coprosma temrifolia� Important 

ground cover species listed were Blechnum capense_, B. fl uviatile, 

Polystichum vestitum� Uncinia banksii, and Astelia nervosa. 

Podocarous hallii entered the association at higher altitudes 

becoming equivalent to that in which Libocedrus was present and gave 

way to suba."lpine 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 dominant) with W. racemosa 

and G. littoralis also abundant. Common shrubs listed include 

P. colorata, C. serratus� !-\._�errata� Melicytus lanceolatus,

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

Myrsine divaricc1ta, J.jebe stricta, Coprosm,J a.ustrali�_, C,, tenuifolia, 

C. parviflora, C. pseudocuneata, and S. elaeagnifolius ) P. colorata

and A. nervosa were listed as important in the undergrowth and 

forest floor respectivelv. 
' 

v 

The Shrub-composHe Scrub community was described as commencing 

giving out at about 1,240m. The dominant 

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

principal species being P. hallii, Carmichaelia sp., P. colensoi, 

P. simplex var. sinclairii, G. littoralis, M. divaricata, H. stricta,

C. tenuifolia, C. pseudocuneata, C. parviflora, 0. arborescens,

and Cassinia vauvilliersii. 

Under the heading Mixed communities Cockayne described the 

major species for Herbfield, Fellfield, Scoria slopes and Rock 

commu.nH-ies. The Herbfield communities included the Tall Tussock­

herbfield and the Dry Herbfield, the former dominated by Chionoch1oa 

rubra and interspersed with Hymenophyllum rnultifidium� Lycopodium 

fastigiatum, Notodanthonia setifolia, A. aromatica, Gaultheria 

depressa, F. bidwillii var. densifolia� _C. major,�- qlandulosa. 

var. latifclia, Rauo1ia glabra, He.lichrysun1 s2_., Cotula 5 n ua'lida, 

0. macrophvlla, and R. nivicola. Shrubs of low stature listed were

D. filifolium: C. vauvilliersii 1 and Hebe odora. Tall Tussock-

herbfield wa.s described as 11 occupying the s1opes whereas the 



12 

proper was confined to the gullies, the controlling 

to which kind of herbfiel d shal 1 occupy the ground being 

the length of time this is covered by the winter snow, the tall 

tussock-herbfield being for longer free from snow. 11 (Cockayne, 1928, 

317.) Cockayne also noted the usage of the term Moss association 

by the settlers because of the large white hummocks of Rhacomitrium 

�- Similar species were designated as important for both fell­

field and scoria communities the former occurring at lower altitudes 

and with al titudinal increase becoming more open until the scori a 

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

C. australasica, Gentiana bellidifolia, A. a.romatica,Poa co1ensoi,

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

Ep'ilobium glabell um var. erubescens for fell field communitiesv 

Rock community species of importance listed were N. setifolia, 

P. co·lensoi, A. aromat'ica., Gaultheria sp., Helichrysum sp.,

Coprosma pumila, Pentachondra pumila� D. d·ieffenbachii, F. bidwil'Iii, 

and C . g 1 and u 1 o s a var . l at i fol �i a. • 

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 confirms a discrete community 

standpo·i nt. 

"The fol101tring belts, governed prirnaf"ily 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,. �Jithin a square mile may be seen a dozen 

d·istinct and very interesting plant communities." (Mason, 1951,23.) 

The a 1 ti tudi na. l zonat ion then adopted by Mason is sumna. ri zed 

on Fig. 2c and is essentially the same as Cockayne 1 s although several 

of the tHles applied d·iffer as do the altitudinal limits listed. 



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 

categor·ies Cold Temperate Belt and i✓arm Subpolar Belt are used. 

No species additional to those cited by Cockayne are included 

by Mason in fact the species lists are less detailed. 

Wilson (1961) in. an unpublished thesis titled "The Vegetation 

of Mount Egrnont: an ecological study of the subpolar vegetation" 

repeated Mason's (1951) cla�m of Egmont providing a near perfect 

example of aHitudinal zonation but ada.pted Cockayne's (1928) and 

Druce's (1961) classification of mountain vegetation to na.me the 

altitudinal zones. This classification is summarised on Fig. 2d. 

-The Forest Zone between 3,000ft (914m) and 3,800ft (1,157m) thus

becomes the co·1ct Temperate Podocarp-cedar--dicotylous Forest with

Cold Temperate Composite Scrub bet��een 3,800ft (1,157m) a.nd 4,200ft

(1,279m) and Cold Temperate Shrub-tussock between 4,200ft (1,279m)

and 4•,800ft ( 1,462m). All the other titles are recognisable in

the previously mentioned classifications. Wilson's species lists

for altitudinal zones are for the most part less detailed 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 covered some new ground* Under the headings Subpolar Scree

Fields, Subpolar Fellfield, 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 Pouakai Ranges for the last two. Relative

importance of species was indicated using a rating system and

13 
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descriptions of scree colonisation and species adaptations included.

The species lists are essentially the same as Cockayne's with the 

0f Colobanthus sp •. in rock and scree communities and Bryum 

Moss and herbfields. Wilson's work on the colonisation 

of the scree fields on Mt Egmont is unique. The sequence of 

terrace formation described from N.E. Egmont {Tahurangi) is 

summarised on Table 2. 

Table 2 

Sequence of Terrace Formation N.E. Egmont after vJilson (1961) 

L Initial obstruction or slowing down of moving scree. 

2. Establ·ishment in greater numbers of f:._i!la.be11um andc.australas $ica.

3. Changing substrate conditions leading to establishment of

1 Colobanthus, Luzula, and Poa in the shelter of established plants.

4. Accumulation of moving fine scoria behind clumps of Colobanthus -

the first semblance of a terrace.

5. Establishment of further clumps of Colobanthus and associated

plants 4�-6 11 lower down and in angle :!." 30° and their eventual

coalescence at the tongue of the scree slope.

6. Colonisation by Helichrysum sp., and Drapetes dieffenbachii

together with terrace forming plants of the stabilized areas

in and between the advancing 1 ine of terraces, and the edge of

the former moving scree s1 ope ..

7. Es tab 1 i shment of further terraces as the margina 1 terraces

coalesce and scree stabilizes higher up.

8. Colonisation by plants of the moss�herbfield - Gaultheria sp.,

and Coprosma pumila and Rhacomitrium spp. with a corresponding

drop in Colobanthus and Luzula representation.

Along with the sequence of scree colonisation Wilson described 

the growth forms of the sub polar species noting their adaptations 
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0 the extreme envi ronmenta 1 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) vtriting in a paper entitled 11 Mt Egmont

Taranaki and a contribution to the study of the vertical arrangement 

of the vegetatfon 11 concentrated on describing the change in species 

composition and physio'gnomy on the Stratford and Dawson Falls 

approaches to Egrnont. 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 limits. Overall 

the.boundaries recognised are at little variance with those of 

Cockayne and some of the species lists are quoted d·irectly, for 

example, that of the scrub level. Schweinfurth 1 s main contribution 

was twofold firstly his observations n�garding the physfognomy 

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. ra.cemosa 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 11seen from a greater 

height... appears as a dense continuous 11defensive front 11 
••• when 

a tree stands in isolation of the edge of the forest it develops 

a typical calotte-shaped crov✓n. 11 (Schweinfurth, 1962, 7-8.) 

Schweinfurth pointed to the need to co�sider the patterns exemplified 

on Egmont in light of the major patterns of variation latitudinally 

and wHh regard to the range and number of species present on 

Egmont. As noted Mt Egmont is the last location of sufficient 

altitude before the tropics which enables contrasts or comparisons 

to be drawn. Both floristically and physiognomically Schweinfurth 
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-described similarities apparent when comparing the vegetation of

Mt Egmont with that of Tasmania and the humid tropics. The approach

of defin'i:'1g vegetation groupings associated with particular

altitudes is simila.r to that of the previously mentioned authors,

however, like Cockayne, indications that the vegetation was not

necessa.r"ily viewed as discrete zones are apparimt: 11the <::astern

slope of Egmont offers ample opportunity of studying the continuously

changing transition between mountain forest and shrub beH. 11 

(Schweinfurth, 1962, 14.)

Druce (1964) in the Egmont National Park Handbook 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 other authors with major groupings of Lower Forest, 

Upper Forest, Scrub, Tussock, Mossy Herbfield� and Alpine region 

Druce drew attention to the fact that species change gradually 

in representation from one zone to another. Focusing on the 

Stratford approach route he described this change in species 

representation giving some quantitative (relative cover) values to 

illustrate the changes. In summary Druce described a lower forest 

composed of Metrosideros robusta and Dacrydium cupressinum (no more 

than one eighth cover) with smaller trees mostly Weinmannia racemosa 

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

cover. ltJith i ncrea.se in altitude Metros i deros and Dacrydi um give 

way until only the second tier trees (smaller trees above) are 

left with W. racemosa outnumber·ing any other. Further increase in 

altitude sees the appearance of Podocarpus ha11ii in the canopy 

2 :. 750' (837m) and the \�einmannia 66 per cent of the forE:st a.t this 

altitude decreases rapidly. Emergent P. hallii and L. bidwillii were 

described as making up the upper forest zone with the smaller trees 



between mainly G. littoral is, F. excorticata, and P. colensoi. 

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

kaikawaka (L. bidwillii), totara (P. hallii), broadleaf 
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(G. littoralis), and fuchsia (F. excorticata) all decrease gradually. 

In their p·lace grow koromiko (H. stricta)� leatherwood (S. elaeagni­

fol i us), a.nd ·increased numbers of mountain fivefinger (P. colensoi) 

which together form a dense cover, six or more feet high and 

deceptively smooth looking on top. 11 (Druce, 1964, 42-43.) 

By 4,000 1 (1,218m) Senecio elaeagnifolius reaches its maximum 

(66 per cent) cover decreasing above this altitude vi1ith 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. vauvn 1 i ers ii remaining. 

11 The area occupied by herbs increases with altitude till at 

5,000 1 (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 (lower on a south face) there 

comes the zone of mossy herbfle ·1 d. The short compact turf is composed 

for the most part of mountain daisies (Celmisia spp.) forst�ra 

(F. b·idwi11ii var. densifolia) a.nisotome (A
._ 

aroma.tica.), creeping 

coprosma (C. pumila), everlasting daisy UL be1lidiodes), snowberry 

(G. depressa) and pa.tches of tvw conspkuous mosses Rha.comitrium sp12. 

Beyond 5,500' (1,6 75m) (much lower 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 

grov, on the debris s 1 opes, c 1 i ffs and steep 1 ava fl ov-1s. 11 ( Druce 51 

1964� {.l3-44.) 

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 1 s summing up of the overall 

vegetation pattern. 

11 Nov, that we have completed our genera 1 1 ook 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 a.ny sudden changes. 11 (Druce, 1964, 

44-45.) Along vJith 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 land and on the history of 

catasrophes including eruptions, deluges, gales, and fire factors. 

The effects of vo1canic activity on species composition and 

regeneration are also noted in Druce (1966) and in summa.ry there 

are two major effects described. Firstly some of the canopy species 

sti11 present have been structurally,jrffected by past eruptions for 

example L. bidwillii with short boles and lateral branching. 

Secondly the species composition in many locations may reflect 

recent ash and pumice showers for example the replacement of 

W. racemosa in locations part·ially destroyed by eruption and with_

subsequently increased fertility resu1tinf] from the 11 topdressing 

of ash. 11 Druce described sites near D awson Falls with Ka.nuka 

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

canopy as indicating the formation of numerous gaps in the canopy 

following eruption and the �ubsequent establishment of these species 

in the well lit sites. Druce also pointed to the fact that the 

species regeneration today is not the same as it was,citing the 



ack of replacemants for rimu (D. cup:ressinum) in the last 300 to 

Thus 1 ong term changes as we 11 as the more recent ones 

introduction of noxious animals, namely goats 

changing the vegetation composition. Goat 
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described by Druce as depleting the undergrowth causing 

degradation to fov,er types such as Uncinia spp_., Micro1aena avenacea,

Coprosma SfD:, P. colorata, M. salicina, C. smithii, and Histiopteris 

incisa. Oppossums on·the other hand were reported as causing 

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

W. racemosa, F. excorticata, A. serrata, Pseudo.anax spp. and

Senecio elaeaonifolius. 

Overall, Druce (1964, 1966) provided a much more detailed look 

at the factots affecting vegetation on Mt Egmont and in recognising 

zones or belts of vegetation emphasised cont►inuity and provided some 

quantitative cover values for the major species in the zones 

delineated. As well, he raised the notion of regarding Egmont 1 s 

flora as an island one in that its isolation has resulted in a 

unique spedes complement lacking particularly in mountain specit::s 

and containing a relatively high proportion of endemics. 

George (1965), in an article entitled 11 Egmont - The Vegetation 

Belts 11
, follows the stated ·intention of deta"il·ing the various 

vegetation belts from approximately 1,500ft (457m) above sea level 

to the summit of the mountain. They appear summarised in Fig 2g. 

Once again the belts ident·if-ied 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 a·1 ready been described in this 

rev·iew .. 
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Druce (1974) writing in the Auckland Botanical Newsletter 

expanded his earlier comments regarding Mt Egmont 1 s unique species 

complement and also indicated the problems apparent in naming some 

of the species complexes found on Mt Egmont. Druce concluded that 

although lacking in a number of plants Mt Egmont's total species 

complement was still underestimated by earlier workers including 

Buchanan (1869), Thomson (1917) s and Cockayne (1928). Comparison 

of species absences with the tota·1 number of species known to occur 

in the North Island reveals that the absences are not evenly 

distributed within p·lant groups for example 11two thirds of the 

1 i anes, ferns, and rushes a re present, but on 1y about one thfrd of 

the shrubs. For most other groups (trees, orchids� grasses, sedges, 

di cot herbs) the fraction is about half . 11 (Druce, 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 spedes are found 

elsewhere. The tussock and herbfield communities exhibit the 

most species absences with many of the approx·ima.tely 300 11 rn'issing 

plants 11 (defined by Druce as plants found in the centra·1 North 

Island at the same latitude as Mt Egmont) absent from these 

communities. Reasons cited for the initial underestimate of Mt 

Egmont 1 s total species complement include the poss·ibility that 

workers concentrated on the summit cone taking little notice of 

the forest a.nd the fact that many of the plants are very locally 

distributed for example Hoheria glabrata, Podocarpus nivalis and 

f2Erosma colenso·i. Tv✓0 species complexes noted by Druce a.s 

presenting nomenclature problems are the larmichaelia arborea 

group. The problems centre on deciding whether species growing on 

Mt Egmon t a re comparable with spec-i es found elsewhere, that ·, s, 

separating habitat variations from species variations. Forstera 
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densifolia for example is cited by Druce as a species 
'��_;_::.,_-------

ety which could merely be a habitat form. 



Chapter 3 

DIRECT GRADIENT ANALYSIS 

The Development of Gradient Analysis 

The term gradient analysis was originally applied by Whittaker 

(1951) to the method of vegetation analysis in which 11 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 11
• (Whittaker, 1967, 209.) This approach 

was 1 ater termed direct gradient ana lys·i s to dis ti ngu·i sh it from the 

complementary approach, indirect gradient analysis, in which 11 vegetat•­

ion samples are compared with one another ·in terms o-f degrees of diff-· 

erence in species composition and on the basis of these degrees of 

difference are arranged along axes of variatfon. The axis may or may 

not correspond to environmental gradients; but 'if they do correspond, 

the approach to environmental gra.dients is indirect or inferential 11

� 

(Whittaker, 1967, 209.) The ear11er gradient analyses of Whittaker 

(1948, 1956), Curtis and McIntosh (1951), Curtis (1955), Curtis (1959), 

Brown and Curtis ( 1952), a.nd Bray and Curtis ( 1957), fa 11 into both 

categories of direct and indirect gradient analysis. Whittaker 1 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 s 1950, 1952) and gave 

convergent results, namely the ernpha.s is on vegetation con ti ni uity, 

binominal or Gaussian distributions of species populations, and 
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ndividua1istic species distributions. It is important to remember 

results had been embodied much earlier in Gleason 1 s 1926 

paper "The individualistic concept of plant association n particularly 

two central ideas restated by Whitt.qker (1967) as: 

111. The principle of species individuality - each species is distrib­

uted in relation to the total range of environmental factors (includ­

ing effects of other species) it encounters according to its own 

genetic struct.ure, physiological characteristics and population

dynamics. No two species are alike in these characteristics, conse­

qu�ntly with few exceptions, no t'l✓O species have the same di stri buti ons. 

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. 11 (Whittaker, 1967, 209.) 

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

in France.and Ramensky (1924) had outlined s·imila.r ·ideas in Russia. 

Ramensky (1930) took these ideas much further with extensive research 

on species distribution and communHy relationships and thus 

Whittaker (1967) clearly states that 11it is Ramensky, ra.ther than 

Gleason, Lenoble, Ellenberg or the recent Americans, who should be 

recognised as the originator of gra.d·i ent analysis 11• ( �ihi ttaker, 

1967, 210.) Despite this genealogy it has been Whittaker's contrib­

utions to gradient analysis that have popularised this concept, and 

l1Jhit taker has most clearly stated the techn·iques ,. results, and 

conclusions most relevant 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 

direct gradient ana.lysis, a Ph.D. Thesis (1948) entitled ll[J. Vegetat­

ion analysis of the Great Smoky Mountains'r, and the result"in g  



aper ( 1956), was designed to test the community-unit theory and 

individualistic hypothesis .. Two sampling designs were employed in 
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: 11field transects" and 0site transects". Field transects

involved a layout of plots along predetermined intervals of a 

gradient (either a predetermined horizontal distance or a predeter­

mined elevational interval). Since the predetermined sample location 

did not always satisfy the 11 uniform site" criterion l�hittaker relaxed 

his more objective 11field transect" sampling into the 11site sample 11

layout. This involved samplin� areas along mountain trails that 

satisfied the site-uniformity criterion to accomplish a 11 random 11

coverage of the vegetation. Random not in the statistical sense 

since sampl·lng v✓as limited by access but random in the sense that 

Whittaker tried to achieve a geographically 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 1,500ft ( 460 m) to 6 ,600ft (2 ,0l0m). 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). Each step was 

def'ined by a topographic position-type >for example North facing 

slope, lower slope, ravine bottom etc. and these were arranged into 

a step-wise series of topographic positions or site types judged by 

experience to vary from moist to dry 1tJithin the defined a.ltitudinal 

belt. Whittaker relied ma.inly on the 300 sHe samples collected ll

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

patterns through the two gradients defined. 



site so.mples were fina,lly arra_nged in composite transects in 

of elevation, or topographic site, or of moisture conditions 

vegetation itself. For the elevation transects 

soire means of comparing stands of equivalent mo·isture conditions was 

The site samples were consequently classified into four 

according to which moisture class of trees was predominant 

in a given sample. Within each of the four classes of stands of 

the site samples were grouped by 200ftand300ft"interva1s. Four 

composite transects were thus arranged to cover the whole of the 

vegetation pattern, showing changes in the levels of plant popula­

tions from low elevations to high in each of the four classes of 

stands and sites recogn i sede 11 (Whittaker, 1956 s 6.) 

For both grad'ients Hhittaker presented ordinations of the species 

distributions using as the abscissa 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 usua11y 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 re 1 ati ve cover (coverage). A l1 

of the species ordinations produced in this way showed series of 

bell shaped (Gaussian) species curves each with an individual posit­

ion with regard to curve peak (mode) and range. Little or no 

assoc·iation of species in terms of mode or range was apparent so 

that each species progressively reached a maximum representation, 

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

Vegetation types were with some exceptions considered fully contin­

uous with one another. The distribution of undergrowth species did 

25 
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ot correspond with those of dominant species, and change in floristic 

composition of communities was continuous through vegetation types 

defined by dominant species. As well Whittaker produced mosaic 

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

axes with elevatfon from 1,500ftto6 :; 600ft(460-2,010m) on the ordinate 

and moisture-balance as indicated by site on the abscissa. Thus 

when 300 site-sarnples were plotted by eleva.tfon and topographic 

position using the 15 forest types already classified and important 

species isorHhrns a generalised pattern of the vegetation was 

obtained. �Jhittaker also plotted individually the relative density 

(stand percentage) of 44 major tree species on the two gradients 

forming nomogra.rns of the tree population levels in relation to the 

gradients. These population figures could be visualised in three 

di mens ions as hills vd th their sumrni ts represent'ing envi ronrnenta 1 

optima for species and with slopes of decreasing population density 

with increasfog departure from the opt·ima.. The species nomograms 

showed little 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 a. greater number of stems 'in 

mesic sites; maximal species diversity in low e·1evation stands, 

transitional diversity between cove forests and oak forests, and 

decreasing diversity fron1 these stands towards more mesic or more 

ieric conditions and towards higher elevations, dominance at low 

elevations of deciduous trees other than oaks in mesic sites, oaks 

in intermediate sites, and �ines in xeric sites; self-maintenance 

of forests in undisturbed sites;, general increase in coverage 

of the shrub stratum along the moisture gradient towards xeric 



sites; dominance of deciduous non-ericaceous shrubs in rnesic site, 

evergreen ericaceous shrubs in interirediate sites, and deciduous 

ericads in xeric sites; an inverse relations�rip between 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_ lov/er subalpine forests and Abies 

fraseri in upper subalpine forests; little difference in subalpine 

canopy composition along the moisture gradient but striking differ­

ences in undersrowths; 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 slopes and decreasing in 

coverage around to west and south slopes; and a dense Rhododendron 

heath occurring in spruce--fir stands on ridges. The major observa­

tions made by this study \vere clearly those concerning the nature 

of species population distributions and they lead Whittaker to 

reject the assumption that species are organised into associations 

(the association unH theory) in favour of the individualistic 

hypothesis of Ramensky and Gleason. Whittaker thus interpreted 
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the vegetation as a complex and largely continuous population 

pattern. As to the reasons for this type of vegetatfon pattern 

Whittaker considered the factors outlined in Gleason� principle of 

species individuality to be all important (genetic structure� 

physiological 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 
sowe 

These included the presence of two or more ecotypes of major species, 



and the occurence of cli.nes ofintrogressive hybridization, polyploidy 

and apa11ixis. Competition was also considered to affect the 

distributional patterns in many ways: 

1. formation of plateau distributions with competition occurring

within species

2. depression of population levels through competition with other

species

3. Eompetitive splitting of a species distribution

4. disp·lacement of the environmental mode from the physiological

optimum.

In spite of Whittakers emphasis on the continuity of vegetation 
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he recognised that 11some vegetation types of more extreme environ­

ments are separated from the rest of the vegetation pattern by 

relative discontinuities 11
• (\iJhittaker, 1956, 63*) These discontin�·

uous types or zones were characterised flattened or 1 plateau 1

distributions of dominant species or 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 ccimmunities 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 Mountains were units 

of recognised subjectivity in terms of prysiognomy and dominance 

in direct contrast to the traditionally accepted practice of 

classification in v✓h'ich vegetatfon types were accepted as natural 

units inherent in the vegetation. Whittaker 1 s approach was thus 

one of relating gradients of plant populations and community 

characteristics to gradients of environment - gradient analysis. 



Recent contributions to Direct Gradi�nt Analy�is 

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 

29 

in terms of the interpretation of vegetation pattern and the methods 

suitable for vegetation analysis they are particularly relevant to 

present study. 

Bea1s(l959) 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 school of thought and the discrete community school of 

thought,Beals expressed the view that vegetation was capable of 

exhibiting both continuity and discontinuity. This being the case 

11the 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 or random fluctua­

tions 11• (Beals, 1969 i. 981 . ) In order to answer these questions 

Bea.ls compa.red the effects of steep and gentle a1titudina1 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 k'ilometres horizontal distance) vvas 

located in the Rift Valley between Awash and Shashamanne Ethiopia. 

The vegetation was sampled at approximately 10 metre altitudinal 

intervals in both areas with a sample consisting of ten �lots each 

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

location. For analysis these samples were further aggregated into 



segments of five combined samples each representing 50 metres of 

elevation. Calculation of Sorenson•s coefficient of similarity 

(S = 2W/(a+b) where W = number of species common to two samples, 
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a = total number of species in sample a, and b = total number of 

species in sample b) revealed a marked difference in the distribution 

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 

sk�wed. Application of a chi-squared test on the coefficient 

distributions revealed statistically sign'ificant uniformity in the 

rate of change for the gentle gradient and irregularity for the 

steep gradient. Graphing of the coefficient of dissimilarity (1 -

coeff'icient of similarity) for adjacent segments 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 candelabrum, 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 gradie_nt (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 vJere a.lso 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. 

11 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. 11 (Beals, 1969, 

984.} 

In contrast the vegetation of the tvw 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 quantitatively but there are other species whose change in 

density is correlated with the dominants, and these reinforce the 

discontinuity 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 v-1ere detected. Beals thus considered the 11correlations 

of species limits along the steep slope may be brought about by 

direct biotic interactions - or perhaps chemical interactions - or 

more corrrnonly by sudden changE: in the physkal environment caused 

by sudden change in speciec dens'ity 11

• (Beals, 1969, 985.) 

Eyphorbia cande1abru_l!!_ for examp·le with a different physiognomy to 

other p'la.nts in the area (succulent, leafless, 11 candela.bra 11



branches) and possible chemical interactions due to its poisonous 

latex caused the most rapid veget,;1,tional change on the steep and 

gentle gr-adients. In conclusion Beals (1969) claimed that along 

the steep gradient the vegetation itself imposed disjunctions on an 

extri ns ·i ca 1 ly continuous envi ronmenta 1 gradient, whereas a 1 ong the 

gentle gradient this did not occur. Possible causes for the devel­

opment of the disjunctions identified were dispersal rates, 

vegetative reproductton,the competitive - exclusion principle which 

was probably influential in demarcating plant communities as 

defined by dominant species along a rapidly changing environmental 

grad·ienL Thus as Beals states 11the question that should bother 

ecologists is not really whether vegetation forms a continuum or 

forms natural and discrete groupings. It is obviously capable of 
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· forming both . • • The quesfon that shou·1 d be asked is, what methods 

should be used in the analysis of vegetation - a continuum approach 

or a classification approach? 11 (Beals, 1969, 985.) In answer 

to this question,and contrary to previous opinion 1 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 nthe purposes 

of mapping or landscape inventory, classifkation is necessary and 

informative; for understa.nding the sociology of plant communities, 

some kind of gradient analysis, appears to be more efficient11 • 

(Beals, 1969� 985.) 

Reeder and Riechert (1975) fo a paper entitled 11 Vegetation 

change a.long an Altitudina.l gradient si Santa Cruz Island, Galapagos 11 , 

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 linearly 

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 w·as 500 sq.metres. Calculation of the dissimil­

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

same way as Beals (1969) 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 vegeta.tion 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 us·ing 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 11a 10m rise in a.1tHude over a relatively 

short distance when compared with altitudinal samples along the 

rema:inder of the transect". (Reeder and Riechert, 1975, 168.) 

Thus they concluded that the discontinuities in the vegetation 

represented slope effects 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

slope - increased competition might occur where little marginal

habitat is offered 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

than on other parts of the gradient. Structura 1 features rath­

species representation contributed much to the variability 

exhibited in the vegetation with zonation being related to tree­

species equitability and richness (zone separation in the form of 

a greater number of equally dominant plant species). Discontinuit­

ies identified in the vegetation by Reeder and Riechert (1975) 

were more in terms of total stand character than in sudden changes 

in species composition. The discontinuities were characterised 

11by unusually la.rge numbers of young trees on steep s1opeso.. in 

what otherwise might have been considered continuous vegetation 

change with a1titude 11

• (Reeder and Riechert, 1975, 174.) 

New Zealand Altitudinal Gradient Analyses 

A number of New Zealand researchers have followed the origina.l 

work of Whittaker (1948, 1956) and Curtis and McIntosh (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, \!Jells and Mark (1966) 

on Mt Anglem Stewart Island, Mark and Burrell (1966) on the 

Hunboldt 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. 

Ma. rk and Sanderson (1962) analysed the forest on the eastern 

side of the Hollyford Valley in the 'iicin'ity of Deadman': Hut -

Harris Saddle Track (See Figure 3) 11 to describe the changes " in 

composition, structure and regeneration of the forest associated 
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Sampling procedure 
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with change in altitude from the valley floor at 300ft a.s.1. 

(91.40m) to the tree line of 3,240ft (990.J.6m)n. (Mark and

Sanderson, 1962, 17.) Rectangular plots 500ft (152.33m) in length 

were used to sample vegetation at six sites approximately 500ft 

(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 tolerance limits. Mark and 

Sanderson (1962) stated however that rather abrupt changes both 

in vegetation composition and structure apparent at 1,500ft (457m) 

made it possible to define a lowland mixed beech - podocarp -

kamahi forest and an upland pure silver beech forest. Of the 

sixty-seven species recogrri sect, two groups: those not ventur'ing 

above 1,500ft (457m) (twenty-two species), and those occurr·lng only 

above that level (twenty species) were apparent,so that 11although 

the composition of the forest variBs continuously with altitude, 

,_ it is also possible to recognise two dist'inct forest types; beech -

podoca.rp -, kamahi forest below, and silver beech forest above 11
• 

(Mark and Sanderson, 1962, 25.) 

Mark (1963) analysed the forest along a spur running north 

wesb1ard from the shoreline at Blanket Bay Secretary Island to the 

treeline at 2950ft (898.76rn) (See Figure 3) 11to describe variations 

in composition, dErnsity, and dominance of the forest strata (except 

ground cover, epiphytes, and lianes) along this altitudinal 

gradient 1
1• (Mark, 1963, 1:8.) Data collected on tl\lo separate 

occasions was combined and Importance Values calculated as in the 

study by Mark and Sanderson (1962). The sampling ·interval ranged 



from 250ft (76.15m) for plots in v✓hich trees only were ·recorded 

up to 550ft (167.56m) in plots where shrubs and ground cover were 

recorded as well. Maximum plot sizes were 1,000sq yds (835sq m) 

for mature and developing trees and 500sq yds (417sq m) for shrubs, 

he�bs, and small tree seedlings. Plots were selected to avoid 

steep bluffs and other anomalous sites and those examined ranged 

between 7-35° slope angles vlith aspects between e.ast and south. 

Results showed a rather D.brupt change in composition and structure 

of the tree, small tree, and shrub strata nea.r the 1,500ft (457m) 

contour. This forest vJas regarded a..s 11transitional betv:een a 

lowland mixed forest, dominated chiefly by kamahi (\tJ. racemosa), 

rata (Metrosideros umbe11ata) and the podocarps with a moderate 

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

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

beech (N. rnenziesi·i) vJith mountain beech co��dorninant or dominant on 

relatively dry, exposed sites 11

• (Ma.rk, 1963,192.') In terms of 

altitudinal distribution species could be divided into five broad 

groups: those confined to the shoreline, lowland species occurring 

ge'neral1y below 1,500ft (457m), continuous or near continuous 

species, high altitude species, and species with discontinuous 

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

unique distribution (sealevel to about 2,350ft (715.96m)). Overall 

in fact the s·ixty-nine specfos listed in the four strata shov;ed 

little or no interdependence in their distributions. In concluding 

Mark (1963) cited h·is objectives a.s being twofold: firstly to 

discover the results of an altitudinal gradient analysis in 

unmodified New Zealand forest and secondly to provide data of use 

in assessing da.ma.ge by exotic animals ·in other parts of Fiordland. 

With regc1rd to the first objective the extensive overlap of species 
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ranges was interpreted as supporti_ng the_ proposition that species 

respond ind·ividually 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 Fiordland was considered limited 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 (914.00m),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 vJas 

"dominated throughout by N. menziesii (silver beech) constantly 

accompanied by the understory species: Neopanax simplex, Coprosma 

foetidissima, Myrsine divaricata, Blechnum minus, and Astelia 

nervosa 11 (Scott. et.a.1., 1964, 311.) with al 1 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 

were apparent: upland and lowland. The greatest 

discont·inuities noted occurred just below the tree line \
A1 here many 

subalpine grassland species penetrated into the forest and near the 

2,000ft (609.331n) mark the upper limit of the important lowland 
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species: P. hall ii, P. colorata, M. ·umbellata, G. littoralis, and 

w. racemosa.

Wells and Mark (1966) described quantitatively the altitudinal 

gradient in vegetation on the north-eastern slope of Stewart 

Island's highest peak Mt Anglem. (See Figure 3.) Eight sites 
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between sea ·1evel and the summit 976111 were sampled using the "'q'uarter 

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). DJta 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 

dominance and cover. The average altitudinal interval between 

sites was 132m. The quantitative results 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 dis�ribution of 

their dominants. The Lowland Podocarp - Broadleaf forest was 

described as occupying the area up to 300m being dominated by 

Dacrydium C:__upress·inum� Podocarpus ferrugineus� and Weinmannia race­

mosa all of which reached their ma.xfo1um dens-ities and basal areas 

below this altit ude. Montane Leptospcrrnum - Dac:._rydi um Ta 11 shrub-

1 and occupies a zone between 320m and 410m and is separated by a 

narrow belt of transitional vc::getation. Leptosperrnum coparium 

and D2crydium biforme reach their rna>drnum densities at those a.ltHudes 
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and are important in the shrub layers only past 410m. The subalpine 

scrub between 410 - 650m is _dominat�d by Olearia colensoi the 

transition between it and the tall shruhland being characterised by 

the increasing dominance of 0. colensoi and the decreasing importance 

of L. scopar-i�m 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 Dracophyllum 

politum, Clrionochloa pungens and Raou1ia. goyenii_. In contrast to 

the previously described work then Wells and Mark (1966) interpreted 

the altitudinal sequence of vegetation in terms of four major 

communHy 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 

Mountains 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 upvmrd extension 

of the altitudinal gradient already described for the forest (Mark 

and Sanderson 1962 11

• (Mark and Burrell, 196�, 12.) The purpose of 

the study stated was to determine whether or not changes in the

composition and cover of the grassland vegetation between the

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

closed vegetation at about 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 of1_0 __

using the point intercept WPthod, the point interval for the top 

stratum being 30cm. On the basis of physiognomy three communities 

were obvious: the first a nrixed sno\✓ t'..tssock scrub domina.ted by 
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Chionochloa flavescens at about 1,000m; the second a tussock grass-

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

and the third dominated by the d�varf tussocks C. oreophila, Paa 

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 values) indicated the presence of an altitudinal gradient in 

that the flora. from adjacent sites tended to be more closely related 

than distant sites. Further to this, lack of ecological interdepen­

dence betv1een species was obvious with the exception of ti,e ecotone 

between forest and grassland. Mark and Burrell concluded however 

that despite the gradient in composition,the abrupt changes in struc� 

ture and composition of dominant and subordinate species (1,100m 

and 1,500m) enabled the recognition of separate communities; the 

lo\AJ a 1 pine sno\AJ tussock - scrub, 1 ow al pfoe 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 resul�of only the altitud­

inal gradient analysis v-1i1l be reviewed. _Ninety-nine stands were 

11sa.mpled to represent the wide range of variation exhibited by the 

grassland and related vegetation" (Daly, 1967, 63) and the 

altitudinal range was between 300ft (91.�n) and 5,400ft (1,645.2�). 

The maximum altitudinal interval was 243m while the average interval 

was 104m. Sampling in each of these stands took the form of line 

transects; for example, for the grassland and shrubland 30 x 100ft 

(30A6m) l"ines vrith point intercepts recorded at 4ft (1.22m) inter­

vals. The results were analysed according to the Bray-Curtis (1957) 

method of ordination and graphing of relative cover values for 

species in a linear arrangerrnrnt 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 tolera.nce 

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

line on the North West slopes adjoining Bruce Road Mt Ruapehu 

between 4,000ft (1,218.66m) and 5,500ft (l,706.13m). (See Figure 3.) 

Multiple sampling using 2sq m quadrats took place a.t each site v✓ith 

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 interva.l approximately 92ft (28m). Species vvere rated on 

a 1 - 5 scale for sociability and dominance within each quadrat 

and frequency determined as the percentage occurrence in the tota1 

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 limits of grovvth: tw21ve species at 4,500ft 

(1,371m), six species at 5,000ft (l,523.3m), while seven species 

were recorded throughout the a1titudina1 range from 4�000ft (12L86m) 

to 5,600ft (L706�13m). The rema·inder of the tota·1 of seventy-four 

species exhibited varying individua.1 alt'itudinal limits. Comparfson 

of the species distributions pointed to floristic changes in sample 

composition around 4,500ft - 4,600ft (1,371m - 1,401.46m) and 

4,900 - 5,000ft (l,492.86m - l,523.33m) although physiognomically 

the vegetation appeared to belong to one plant association in which 

Dracophyllum recurvun�, �hacomitrium lanuginosum, Celmis"ia spectab-ilis� 

Senecio bid�vi1lii, Anisotome aromatica and Ga.ultheria colensoi vJE:re 
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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 - Chfonochfoa ..:· Dacrydium 1axifo1ium community between 

4,000ft and 4,600ft (1,218.66m - l,401.46m), a Dracophyllum

recurvurn.- Rhacomitriu"m - Celm·isia spectabil'is community between 

4,500 and 5,100ft (1,371m - 1,553.8m) 1 and a Rhacomitrium -

gracophyllum recurvum - Gaulther·ia colensoi community above 5,100ft 

( 1,553 �Sm) 

Ogden (1971) quantitatively described the altitudinal 

distribution of the species on Mount Colenso in the Ruahine Range. 

(See Figure 3). The point centred 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 576.66ft (137.41m). 

Graphing of the distributions of the main species showed overlapping 

a.'lt:itudinal ranges 11s0 that no c1ea.r cut a1titudinal 'zones' or 

1 belts 1 can be disting�ished even if canopy species only are 

considered". (Ogden, 1971, 59.) Ogden thus considered the forests 

on the Kauwhatau 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 (N. fusca) dominated forest at

intermediate heights, Libocedrus bidvrill*ii - Dacryd"ium biforme

forest near the tree 1 i ne, merging gradually vri th 01 eari a - 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 

canopy trees and shrubs. In conclusion Ogden repeated Elder's 

(1965) statement 11in avera.gfog out (the altitudina.l ra.nge of diff­

erent species) it became clear that the representative species are



in altitudinal zones, but appear in an overlapping 

(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 3,850ft and 4,500ft (1,172.96m - 1,371m). 

Seventy-three 5m line transects at an average altitudinal interval 

of 2.70m were used to record the presence of all species through-
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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 Dra.cophynum recurvum - Dacrydium lax·ifolium - Gaultheria colens,oi 

sub-association between 4,100 and 4,500ft (1,249.13m - 1,371m), a 

Coprosma cheesemanii - Dracophyllum recurvum - Cyathodes sp. 

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

a Dracophyllum recurvu� - Celmisia spectabilis - Coprosma cheesemanii 

sub-association between 3,900ft and 4,000ft (1,182.20m - l,218.66m), 

and a Celmisia. spectabilis - Dracophyllum recurvum - Gleichenia 

circinata sub-association between 3,850ft and 3,900ft (1,172.96m -

l,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 sub-associations identified. Overall high similarity 

indices betv-1een transects and the vegetation physiognomy pointed 

to the fact that all the sub associations identified were part 

of one plant association dominated by species found throughout 

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



Chapter 4 

METHODS 

Data Collect-Ion  

Data from forty-eight quadrats was co11ected 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 Univeriity Extension Course 

have been included as vJell bringing the totai to sixty quadrats. 

All sampling except fof the twelve quadrats from the Stratford 

side was conducted be_tween 28/8/75 and 13/6/76 and emp 1 oyed a 

predetermined sampling procedure as outlined below. 

Sampling procedure: an outline 

1. Quadrats to be located altitudinally at thirty

between 853m (2,800ft) and 1,858m (6,100ft).

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

intervals 

3. Qua.drat sizeto vary according to minimal area checks and accepted

quadrat sizes as describ2d by Mueller-Dombois and EllPnberg

(1974) p. 67-80�

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

of free-draining or poorly drained. 

No sampling on sites where the slope angles exceeds 50
° (cliffs, 

banks, etc). 

Avoid marked changes in substrate, in particular exposed rock 

faces. 

sampling procedure was designed specifically to hold as many 

environmental parameters constant as possible so that the a1titudin­

al gradient would be the prime one reflected by the vegetation. 

Sa.mple size: a justification 

The final quadrat size was determined after reconnaisance of the 

entire ridge, the most important restriction in 1nany places being 

ridge width. At locations where ridgi width was the major criter­

ior for quadrat size the practice was tc sample as large an area 

as possibleo 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 (1974) as particularly import�nt 

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 

communities, lower altitude forest, and the herbfield (See Figure·s 

4, 5, and 6 and Table 4). The point at which species representation 

levels off to within five or ten percent of the 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 the shrub-tussock samples it is obvious that if 

line transects are to be employed at least three ten metre lines 



Minimal Area Checks: Relat-ive Density of_ given species 

as a function of quadrat size or line transect length. 

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

Senecio elaecf)nifolius 12.50 7.14 8.06 6.59 6.54 

Chionochloa rubra 3.12 28.57 17.74 17.58 14.95 

6.25 17.85 25.80 19.78 19.62 

0-5m 0-lOm 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 �ittoralis 0 20.00 7 .. 14 1L76 12 .19 

Weinmarm·ia racernosa 0 40.00 71.40 73.52 70.73 

5x5m 7x7m lOxlOrn 10x20rn i0x30m 

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

Poa co1ensoi 38.09 42.85 34.48 31.57 29.75 

Gaul ther·i a sp. 9.52 7.14 9.19 8. 77 9.09 

Mantia sp. 0 0 0 0 1.65 

0-!:im 0-lOm 07'"15m 0-20m 0-25m

49 

-·



Figure 4 

MINIMAL AREA CHECK Shrub-Tussock 
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MINIMAL AREA CHECK Herbfie\d 
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are required to achieve a representative combination of species. 

In contrast the minimal area required in the 1ovver altitude forest 

is closer to 200sq m. Five 5m line transects at least are required 

for the herbfield and in fact this may be insufficient although the 

requirement of substrate homogeneity becomes almost ·impossible to 

rreet if the sa.rnple exceeds 5sq. m. Further justification for the 

quadrat sizes finally used includes the data of Westhoff and Van der 

Maarel, 1,r;ho 1 ist minimal areas for various cornmunH'ies in i�hittaker 

(1973), and Mu�ller-Dombois and Ellenberg (1974) who list minimal 

areas for temperate-zone vegetations. The final quadrat sizes 

thus determined were: Forest 20 x 20m, Scrub-Forest 15 x 15m, 

Scrub 10 x 10m, Tussock grassland and herbfield 5 x 5m (or in the 

case of the latter two, modified to line transects at lea.st 3 x 10m 

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

to 50 x 50m or even greater in the forest below 853m (2,500ft) 

wa.s the major reason for dealin�;: with the vegetational change along 

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

Vegetation was recorded in the categories listed below: 

1. Canop__x_ -� trees v-1i th more than fifty percent of the·i r crowns

in full ·sunlight. 

2. Sub cano2y_ - trees not reach'ing full sunlight � shaded by the

canopy. 

3. Shrubs - less than 2m.

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

etc. 

5. IE_iQhytes - perching plants including seedlings of tree species.

6. Lianes - climbing plants, creepers, vines.

Species nomenclature throughout follows that of Druce 1 s Unpublished 

"Check1'ist of the Higher Plants of Mount Egrnont including Pouakai 



and Kai take Ranges", Third Approximation November 1973 and including

corrections: August 1974, October 1974, July 1975 and April 1976. 

Diameter at breast height (d.b.h. at 1.50m) was recorded for 

canopy and subcanopy species. Density \\las recorded for canopy, 

subcanopy and shrubs. Cover was recorded employing the line-inter 

intercept method (described by Mueller-Dombois and Ellenberg, 1974 $

90) and line transects (continuous cover) in shrub quadrats. Ground

cover was recorded along a line stretched ecrcss the quadrat 1 metre 

from the most northerly side. As well as this quantitative measure 

of ground cover all ground cover species pre:sent in the quadrat 

marked out were noted. the forest quadrats ground 

cover species present was recorded in an area 20 x 20m. Special 

attention was paid to the presence or absence of seedlings of the 

canopy species and estimates of seed1 ing numbers for the major 

canopy spec-les were made in the vJhole quadrat. The presence of 

epiphytic and liane species was also noted. Table 5 surnnarises the 

data recorded for each stratum of the vegetation at each site. 
-

Table 5. Summal'J of Vegeta. ti on Data recorded
, ., .. each site. et l, 

--

Canopy X X X I\ 

Subcanopy X X 

Shrubs X X 

Grow1d cover X X 

Epiphytes X 
...... _ 

Uanes 

Seediings X 

S- » 
+-1 ro (CJ 
•r- (./) 

(/) cu $... 
C o:>< 

GJ Q) "'l, (1) 
> > 

�.-: •r- •i- .,.... 
.p .; .. ) �...) 

(/) (lJ ro 
....... r-
GJ r.) 
ex: 0::: a.: 
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canopy height was measured "in the majority of qua drats and 

estimated where measurement proved difficult, for example in the 

lowland forest. Slope and aspect were recorded for al 1 quadrats 

although ridge alignn�nt in each of the sampling areas summarises 

the aspect of all the quadrats. The altitude for each quadrat was 

determined using an altimeter (13-2000-IN Aircraft Inst. Develop. 

Inc. Wichita, Kansas) and known spot heights on the ridges 

examined particularly those of Huts, Trig stations, Track junctions, 

and Nationa·1 Park markers. The altimeter proved to be accurate 

to within± 10ft (9.14m) on days in which the weather was stable, 

however, because of Mt Egmonts unstable climate, altitudes required 

checking up to four times on sbme sites. General notes were also 

recorded for each quadrat including descriptions of substrate� 

drainage, vegetatfon 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 

DensHy, Re1ative Frequency, and Relative Dominance values for a 

given species in a given stand of vegetation: 

Re 1 at ·j ve Dens i ty 

Re1ati ve Frequency 

Relative Donrinance

- Number of individuals of a species x 100 

Total number of individuals of all 

species 

= Frequency of Species A 

Sum of frequency values of al1 

species 

X 100

= Basal Area (or Cover) of Species A x 100 

Total Basal /\rea (or Cover) of all 

species 



0 defined ,.
the Importance Value ranges from O (where a species 

is unrepresented) 300 (where a species forms a monodomfoant stand). 

Mueller-Dombo·is a.nd Ellenberg (1974) make the point that a.ny one  

of the three para.meters ma.y be interpreted as an importance va 1 ue 

on which of the values the investigator considers most 

importa.nt for a particular species, group of species or com1wnity. 

Several workers including Fosberg (1961), Rice (1967), and 

Daubenmire (1968) have criticised the use of relative rather than 

actual parameters because densely vegetated and sparsely vegetated 

habitats can record the same relative densities, relative basal 

areas, and relative frequencies giving no indication of species 

biomass or cover which are considered of greater ecological signif­

icance in plant distribution. In ,the light of these criticisms 

the importance value used in this study is presented and just·if·ied. 

The Importance Va 1 ue (Io V.) for Canopy (Top Stratum) Specfos ma.y

be summarised a.s 

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

2 
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Basal 
Importance Value = Relative Density+ (Relative Cover+ Relative Area) 

2 

Three aspects require j us ti fi cat:i on in the use of th·i s proposed 

'importance value in this study,. The first is the orrrrdssion of the 

Relative Frequency value, the second the combination or averaging 

of Relative Cover and Relative Basal Area, and the third the use 

of relative rather than absolute values. The Relative Frequency 

value could not be computed because only one quadrat was measured 

at each speC'ified altitude because of sHe restrictions that is 

the limitation i�Josed by ridge width at many locations along the 

York Road Track Ridge. Relative Cover and Relative Basal Area 

were averaged on the grounds that 11 ·instead of crovm area, cover 



.ay also imply the projection of the basal area to the ground 

(Mueller-Dombois and Ellenberg, 1974, 118.) and there­

fore, the cover of the crown of a canopy species or the d·i ameter 
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essent�ially measures of the same parameter 

the area taken up by a species within a reference area and 

re'lati ve to the area taken up by other species. A compa.r·i son of 

obtained in sampling for both Relative cover and Relative 

Basal Area shows a variable relationship between the two measures 

for example in Table,. 

Table 6. Relative Cover and Relative Basal Area for Podocarpus 

ha1li and G ri s e 1 i n ·i a littoralis on the York Road

Track Ridge 

Altitude in metres P. ha li ii Go 1 i ttora 1 is 

897 26.08 32�13 36.95 16 .93 

959 Regenerat-i on 
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.Bo

Table 6. shows that in some instances the values for Relative 

Cover and Relative Basa Area are within 1 percent of each other 

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

20 percent ·is apparent. Th·is is also an indicatfon of the problem 

of measuring a species exhibiting a mu1tisternmed spreading growth 

habit. 

On the basis that both cover and basal area are an attempt 

to quant·ify dornina.nce,where o.vai1ab1e,the two va·!ues have been 

averaged to give a more accurate indication of this parameter for 

this stud,:/. Relat"ive values for dens'ity and domfoance have been 

used to focus on the relative species composition at each altitude. 



gives a false impression when comparing say a high altitude 

(No 1 at 1,855m) with a total cover value of only 13 percent 

low altitude sample (No 21 at 897m) with a total cover of 

92 percent "in the canopy alone but this is compensated by presenting 

the data for absolute (total) cover separately. In this way the 

change in species compositfon through the major a1titudina.1 gradient 

(York Road Track R·idge) is exa.r:rined on the same Importance Value 

range O - 200 throughout. 

Altitude a.s an indicator of tl!e envir onmE}-;tai gradient 

Altitude,that is height above sea level 'in metres,is the 

measure used to order the vegetatfon data,and thus relate changes 

in composition :. physfognomy, and structure directly to env·ironmental 

factors. It is recognised that as stated by Whittaker (1973b) 

altHude ·itself has no bearing on plant physiology and thus upon 

species distributions. Rather altitude has been employed as an 

index of sample position along a complex environmental gradient. 

This complex environmental gradient includes changes in many 

environmental factors includ'ing temperature, wind velocity, precip­

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

The attempt to hold constant drainage,substrate conditions, slope 

and a.spect has a 1 ready been described in the samp l ·in g procedure. 

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

mental changes reflected by th e vegetation are those of temperature, 

wind velocity, precipitation, a.nd humidity. \✓ hitmore.(1975) 

summarises the changes through elevation for these factors in 

tropical montane climates and along with the description by Coulter 

(1976) of "Weather in Egmont Natfona l Park II the assumed changes in 

these factors through altitude can be postulated. 

58 
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Temperature decreases with increasing altitude and Coulter 

1976) claims that 11air temperatures near the ground decrease on 

verage by approximately six degrees C. per l,OOOm 11 (Coulter, 19/6, 

2) with variation from place to place and time to time according to

the general weather prevailing and on account of local topographic 

influences on clfo1ate. Druce (1976) also states, 11 the usually accepted 

three degrees� per l ) OOOft (one degree C. per 200m) decrease in 

mean temperature should apply fairly we 11 to Egmont, at 1 east up 

(Druce, 1976, 44.) Using these values as the standard 

this would mean a difference of nearly six degrees C. mean temperature 

between the lowest a:ltitude quadrat samp1ed (897m) and the highest 

altitude quadrat (1,855m). Freezing level is described by Coulter 

(1976) as occurring 11at approxima.te·iy 3,500m an average (it 'lies bet­

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

summer while in mid winter the corresponding levels are 1,750m 

(1,150m, 2,350m) 11

• (Coulter, 1976, 52.) 

Precipitation is related to temperature in that 11the degree

of saturation of a given air body increases as its temperature 

falls and with increasing elevation the dewpoint (that is the 

temperature at which condensation occurs and-cloud forms) depends 

on the temperature lapse rate and the initia1 mo·isture content 11
• 

(Whitmore, 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 

a.nnua 1 rain fa 11 for Taranaki 11 amounts to a.bout 1,500mm near the 

North Taranaki coast, around 1,100 :to 1,300mm near the South 

Taranaki coast, and increases more or less parallel with the 

contours of land to about 6,500mm at the l sOOOm level and probably 



about 8,000mm near the 2,000m line, but with somewhat more rain 

the northern and western slopes than elsewhere 11
• (Coulter, 1976,

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

lowest and the highest quadrat sampled on the York Road Track. 

l�ind velocity or rather exposure to wind a·lso increases with

increasing altitude. Coulter (1976) gives estimat�s of average 

wind speed for Stratford 300m a.s.1. of 11km per hour and for the 

summit of Mt Egmont 2,518m a.s.l. of about 40km per hour. These 

estimates indicate that the differences between the lower altitude 

and upper altitude quadrats in terms of wind exposure would be 

marked. 

Overall a great range of environmental factors change along 
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the altitudinal gradient only some of which (for example temperature, 

wind velocity and precipit ation) have been estimated at various 

locations on Mt Egmont. No reliable climatological data is avail­

able at all for the majority of sites samp·led although slope, 

aspect, and substrate conditions were recorded. It is also 

recognised that the volcanic history of Mt Egmont and in particular 

the recent ash a.nd ·1apil1 i showers (Burrell Formation dated 1655 A.D. 

a.ccord'ing to NeaH (J.976)) have affected vegetation composition at

some of the locations sampled� These effects have already been 

noted in Chapter 2 (See Druce, 1964, 1966) and add further 

complex"ity to the environmental gradient described. 

The approach of ttri s study then ·is one of direct gradient 

analysis usfog altitude (height above sea level in metres) merely 

as an ·index of sa.rnp·le positfon along a complex environmental 

gradient in v�hi ch temperature decrease, preci pitatfon increase, 

and wind velocity increase are assumed to be the major factors 

underlying a general environmental deterioration. 



Chapter 5 

SITE DESCRIPTION OF THE YORK ROAD TR/.\CK RI OGE 

The York Road Track Ridge was selected as suitable for sampling 

for a number of reasons,the prime one being that between 1,087m 

a.s.1. ahd 1,489m a.s.l. at least,it displayed a relatively regula1·

increase in elevation. Coupled with this it seemed possible to 

hold other factors such as aspect, drainage conditions, substrate t

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 prox·irnity of hut 

accomodation at each end of the ridge. The York Road Track Ridge 

is located in the eastern sector of Egrnont Ncttional 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. Sampling took place between 

an altitude of 897m and 1,855m,an increase of 958m in a 2,700m 

traverse. The details of these samples 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 a large 

section of exposed rock and gravel detracts from the general 

vegetation pattern and subsequently has not been sampled. Past 

the nea.rby quarry site abandoned 
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-

Table 7. Location and Description of York Road Track Ridge Samples 

� 

� 1 ti tude loi fference No. Altitude P.1rea / P\spect Mean Location Notes 
rtn metres in metres in feet Length Slope 

I Angle 

1 1855 6090 5sq m N.N.E. 2r.:O
.. , 

-

5
7

8 
-�c• l 

33°
2 1797 5900 5sq m fLE. 

•= 

3 1751 46 5750 5sg m N.E. 15°

4 1706 45 5600 5sq m 1�. E. 15°
Adjacent to Lion 
Rock 

5 1584 122 5200 5sq m N.E. 30°

6 1547 37 5080 5sq m N.N.E. 270° 
Adjal,ent to l�ar�vi ck
Ca.stle 

7 1489 58 4890 5sq m E.N.E. 20°

8 1416 73 4-650 50m N.E. 20° 20:n above Round-the 
-Mountain Tr2ck
Junction

9 1355 61 4450 40m N.E. . 10°
40m below Round-the 
-Mountain Track
Junct-i on

10 1325 30 4350 40m N.E. 70

11 1294 31 4250 40m N.E. 70

12 1261 33 4140 lOsq m NJ.::. 15° Manganu·i Ski Lodge
siting 

13 1218 43 4000 lOsq m E. 70

14 1176 42 3860 lOsq m E 18
0 

--

15 1145 31 3760 lOsq m E. 4.0
-:�-: 

16 1087 58 3570 lOsq m N.E. 30° Top of Quarry B 1 uff 
----JIii 

17 999 88 3280 15sq m E.N.F.. 30°

18 959 40 3150 20sq m N.E. 20 Near Maketawa Track 
Junction 

19 897 62 2945 20sq m E. 20° 400m below York Road 
( \

1! a i p u k u ) Hut

20 959*R 3150 lOsq m E.S.E. 5
0 

Dray Track EntrancP-
Regeneration Sa.mp 1 C 

In addition Ground Cover only 

21 1337 4390 ,-,)Sq m E.N.E. 22°

22 1349 4410 5sq m E. 
40 

23 1386 4550 5sq m E. 50 
--,
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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 becomes narrm·ter, 

steep-sided� and more clearly defined. Increase in elevation is 

once again steady although the gradient is greater than near the 

York Road Hut (1:5.5) and continues almost unbroken to the Round­

the-Mountain Track. Exceptions are sections of the ridge above 

Quarry Bluff \-Jhich undulate gently to form several hollmvs 

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

Care was taken to avoid these sites. Alter a slightly steeper 

climb (1:4.5) 500m beforereaching the Round-the-f,1ountain Track the 

increase in altitude is particularly even on the section of ridge 

up to the Round-the�Mountain Track in which the shrub species 

gradually give way to Chionochloa _QJbra a.nd. · herb species. 

Above· the Round-the-Mountain Track the gradi-:.r.t becomes steeper 

(up to 1:4) and it becomes increasingly dHficult to hold degree 

of exposure s drainage and substrate factors constant. As a result 

the ridge which is in fact the continuation fo the York Track 

Ridge was eventually abgndoned at 1,547m and sampling continued 

on the adjacent ridge 600m north up to an alitude of 1�855m. The 

substrate foctor in particular became impossible to hold constant 

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 ornnrission of such sHes from 1,489m ornvards it 

became increa.sing1y difficult to maintain defined sampling proced­

ures, and this will be brought out fully in examining the results 

of these h·igher altitude samples. Therefore in t.errns 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 vie\ved in terms of three ma_jor sections: the 1 ower 

section including samples 19 and 20 with the most gradual increase 

in elevation; a middle section above Quarry Bluff and below the 

Round-the-Mountain Track including samples 9 to 17 exhibiting 

a more rapid but even increase in elevation with exception of 

several hollows near the top of Quarry Bluff; and an upper section 

including samples 1 to 8 with an even greater gradient in which 

the problems associated with substrate, degree of exposure� and 

drainage conditions eventually became impossible to hold constant. 
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Chapter 6 

RESULTS AND ANALYSIS 

York Road Track R:i dge Srecif�s 0·1 stri �uti ons_ 

Canopy Species > 50 Importa.nu:: Valu e

The distributfons of canopy species with > 50 Hfl)ortance values 

between 897m and 1,855m on the York Road Track Ridge are summarised 

on Figure 8. There is a clear progression of species dominance 

with increasing altitude and a varying degree of association 

between sped es. The a 1 ti tudi na 1 range of 111. race mos a. is shown 

in part only but it is clearly the most important species in the 

897--920m aHitudes with a maximum importance va.1ue of 80. P. hall-ii 

and G. littoralis show a high degree of associntion 

(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 is 

obvious for in almost every quadrat where the two species appear 

there is evi de nee that Grise 1 i !} i a._ began as a.n epi phyte on 

Podocarpus eventually overtopping Podocarpus to reach the canopy. 

Whether this is a logical progrPssion ending when Podocarpus 

becomes senescent, or whether the death of Podocarpus results 

from the overtopping by Griselinia requires further examination. 

l1Jith increase in altitude S. elaeaonifo1ius ta.kes over· from 
__ ,--------.:...., _____ _ 



P. hall ii reaching a maximum importince value of 90 at 1,176m

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

both reaching maximum imp�rtance values of 75 and 52 respectively 

at 1,325m. C. rubra first recorded at 1,218m amongst the smaller 

shrubs gradually becomes dominant reaching its maximum importance 

value of 100 at L410m. A further 42 metres of elevation sees 

the last of the shrub species and the beginnings of the decline 

of Chionochloa dom"inance. By 1,547m C:_ pumila has reached its 
--

. 
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maximum importance value 68 and Chionochloa is no longer represent-

ed. At this point P. cole;;so·i and Rhacomitri um spp. are becoming 

important components of the top strn.tum !> Rhacomitrium spp_. reaching 

their maximum importance value of 63 at 1,751m and P. colensoi 

peaking with an importance value of 109 at 1,855m. Helichrysum 

� (unnamed) exhibits a fluctuating distribution w"ith a rnax·imum 

importance value of 147 at 1,797m and this is probably d�e to 

its sensitivity to changes in substrate and drainage condit ions 

at these higher altitudes. As well as the obvious association 

of Podocarpus and Griselinia the distributions of Dracophyllum 

and Cassini� are significantly correlated (r = + 0.820 p = 0.001). 

The strength of the association is not a.s great as that of 

Podocarpus and Griselin·ia however with the Dracophyllum more 

· important at lower altitudes and the -���.?in·la I s upper altitudina-1

limit extending above that of Dracophyl"lu m. Both species reach

prominence in quadra.ts near the upper limit of S.e·1aeagnifolius

and the lower limit of C. rubra possibly as the result of

competitive relea.se a.s Senecio reaches the margins of 'its tolerance

a.nd Shio' c:hloa is sti11 una.b·le to compete successfully vrith the

shrub sp2�ies until the advantages of its greater tolerance to

ult-Jtude (temperature, etc.) hecorrt:!'S apparent at h·igher elevations.
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.YORK ROAD TRACK RIDGE. Canopy Species ( lmportanc·e Value >50) 
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The shape of the distribution of Dracophyllum and Cassinia wedged 

betw2en Senecio and Chiomd"iloa appears to point to the fact that 

the altitudinal space available between the optimum locations for 

Senecio and Chionochloa is very limited. The difficulty of holding 

environmenta.l parameters conctant at higher altitudes are well 

illustrated by the distributfons of Coprosma pumila, Rhacomitr·ium 

�., He1ichtysurn so. (unnamed), and P. colensoi particularly in 

the top three· quadrat samples (l-3) where de9ree of exposure, 

slope angle, and drainage conditions appear responsible for the 

greater degree of fluctuation of importance value apparent at 

these e1evrttfons. In summary the major features of these species 

d·istributions are: the graduc,l 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 Gaussian type species 

distributions; and the lack of species association with the 

exception of Podocarpus and Gris�linia and Dracophyllum and 

Cassinia. 

Canopy Species <50 >20 Importa.nce Value 

Distributions of species with Importance less than 50 but 

greater than 20 are summarised on F·ig. 9. Like the species wHh 

Importance Values )50 there is a clear progressfon of species 

dominance with increasing altitude. The altitudinal range of 

C. serratus is shown in part only with its upper limit occurring

at 959m. P. colorata is first recorded at 999m, where it reaches 

its maximum importa.nce value 44 s and declinPs ·in impor-tance 

untn at 1,145m it is no lon9er reptesented 'in the canopy. 

P. simplex var. sinclairii is also recorded first at 999m but its

distribution extends much higher finishing at 1�294m and with its 



60 

_:1 
>: 30 

20 

10 

40 

30 

� 20 

10 

l 

Figure 9 

YORK ROAD TRACK RIDGE Canopy Species{ Importance Value>20<50) 

r. colorata

1 � M. 

C. seTratus 

10 11 12 

Fie;ure 10 

P. 1aevis

. /\
/ \ 

I \ 
/ \ 

13 14 
ALTITUDE IN METRES{XWO) 

15 

F. bidwillii var. dcnsifolia

Gaultheria t.!p. 

16 17 18 19 

YORK ROAD TRACK RIDGE Canopy· Species ( Importance Value< 20} 

Coprosa::a ap. 

9 

C. tenuifolia

10 11 

A. aromatica 

C. glandulosa var. 1� tifolia C. · gracilcnta D. dieffcnl;,Dchii
·, --, 

.. ··�, · .. X-•-·-·-· '- ·� . 
... .<.".-._ ·, - - . 

�
�- /"'· 

' , ...... � ,c:::,.·· - �- --/· 
-.. I I 

14 i5 16 
ALTITUDE iN MErRES(X100) 

ll 18 19 
-.....J 
0 



71 

maximum importance value 26 occurring at 1,176m. H. stricta 

;5 first recorded at 1,087m where it reaches its maximum importance 

34. Its distribution is bimodal with a second peak

importance value 25 occurring at 1,176m. Its last occurrence in 

the canop,y is at 1,218m. M. ct·ivaricata and C. pseudocuneata a.re 

both recorded first in the canopy at 1,118m however Myrsine cuts 

out at 1,294m while Coprosma is last recorded at 1,416m. _Myrsine 

reaches its maximum importance va'lue 21 at 1,176m and Coprosma 

importance value 36 at 1,261m. P. 1aevis is first recorded at 

1,294m and increases in representation until 1,416m where it 

achieves its maximum importance value 39. It then declines in 

importance being last recorded in the top stratum at 1,48�n. 

The last 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 i� 

first recorded at 1,489m, 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 

Di stri buti ans of species w'ith importance va 1 ues < 20 a re 

depicted on Fig. 10. C. tenuifolia is first recorded at 999m, 

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

la.st represented at 1,145m. _£9.prosma sp. (unnamed) achieves 

similar importance values but its distribution is much wider 

extending from 959m up to 1,176m. H. odora is represented in the 

canopy betv1een 1,176m and 1,54-lm but its distribution is uneven 

reaching an ·importance value of 16 at 1,261m declining to present 
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only at 1,294m and then increasi_ng again to its maximum representation 

importance value 18 at 1,416m. The last representation of H. odora 

in the canopy at 1,547m is significant in that it is the upper 

altitudinal limit 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 quadrats 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 large 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� 

dieffenbachii extend to the uppermost sample 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 l s706m and D. dieffenbachii 12 at l s 797m. 

Species with limited distributions 

A numb�r of species distributions are not depicted on Figso 

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., Pentachondr� 

pumi la_, Lycopodod·i um fas ti gatum, Geranium mi crophyl 'l um, Aporos ty11� 

Festuca rubra subsµ. comnutata si Coriaria pt s, 

Ranunculus nivicola s Oreobolus pectinatus, Euphrasia cuneata, 



Gunnera monoica var. monoica, Astelia sp. (unnamed), Gahnia procera, 

and Ourisia macrophylla. The occUtrence of these species is 

summarised on Table 8 which includes the altitude where their maximum 

importance value was recorded. (See Appendix 2 for complete 

Canopy Species List) 

Table, 8. Species < 5 Importance Value or single occurence 

( Cano_py Top Stratum) 

Importance Altitude in 
Value Metres 

Luzula sp. 2 li584 

Colobanthus sp. 4 1,751 

Epi1obium sp. 19 1,797 single occurrence 

Pentachondra pumila 17 1,547 

Lycopodium fastigiatum + 1,584 

Geranium microphyllum + 1,489 

Aporostyl is 1: f olift \ + 1,489 

Festuca rubra + 1,489

Coriaria pteridoides + 1,325

Ranunculus nivicola 1 1,489

Oreobolus pectinatus 24 1,547 single occurrence

Euphrasia cuneata + 1,584

Gunnera mono·i ca 8 1,584

Astelia sp. ( unnamed) 2 1,294

Gahni a procera 1 1,145

Ourisia macrophyl1a 2 l s 547 

The distribution of species with importance values less than 

20 highlights the fact �hat in the upper altitude quadrats a 

greater number of species are represented in the c tegory canopy 

(top stratum). The categories adopted affect this appr1rent 
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in that the top stratum and the ground stratum are one and 

the same at higher altitudes and the comparison of number of species

at upper altitudes as compared to lower altitudes is not

in that the categorisation for the major part determines 

the result. When the lower altitude ground stratum species 

is compared with the upper altitude ground (top stratum) 

diversity in fact the trend is the reverse with greater numbers of 

species represented in the �lower altitudes� 

Subca.no and Shrubs > 25 oercent Rel a.ti ve Dens it 

Few subcanopy and shrub species a.chieve representation to the· 

extent of 25 percent relat·lve density. The subcanopy and shrub 

strata are rather characterised by the dominance of P. colorata. 

P. colorata 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 999m and 1,087m reaching 

its maximum density 100 percent in the latter site. This is the 

last site at which canopy a.nd s ubcanopy were structurally disting­

uishable and the fact that only two individuals make up this 

relative density value must be taken into account. The paucity 

of species notably the more palatable ones charactedstic of other 

s"ites at similar altitudes (Coprosma spQ_. Alseuosmia macrophylla 

etc.) a.nd the dominance of P. colorata in these strata appears 

to reflect previously much higher goat populations known to have 

been centred near Quarry B1 uff. Shru_b and subcanopy strata 

were no longer recognised after passing an elevation 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 subcanopy 

and shrub strata include M. divaricata� P. siw lex var. sinclairii, 
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c. tenuifolia., and Coprosma sp. (unnamed). Graphing log relative

density on the abscissa of Fig. ll�the di'stributions of these

species is made easier to compare with the distributions of the 

major subcanopy and shrub species. C. tenuifolia is essentially 

a lower altitude component of these strata being represented in 

quadrats 179 18� and 19 between 897m and 999m and never exceeding

a relative der,s ity of 4 percent. M. di vari cata and Pseudopa.nax 

s imp 1 ex v a r . s i n c 1 a ir•i i s ha re a s i mil a r di st ri but i on pattern both 

reaching their maximum relative density of 4 percent in quadrat 18 

959m a.s. l. 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 lower altitudinal 

range of the species concerned in that many become components of 

vary"lng importance in the canopy or top stratum from L087m onwards. 

Thus for example P. simplex var sfoc1airi·i while only represented 

at a maximum of 4.87 relative densit y at 959m reaches ·importance 

values of up to 26.68 at 1,145m. Shrub and subcanopy species 

unable to reach the top stratum (canopy) in the lower altitude 

samples because of competition from the )arger tree species 

�_t)_C!_lj_jj_, W. racemosa, and G. 'littoralis eventually become part 

of the canopy in higher altitude quadrats. 

Ground Cover >25 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 897m to 1�855m a.s.1. 

P. color�ta has its maximum relative cover 52 percent of 897m and

from there, decl·ines in importance untn it ·is no longer recorded 
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at l 5 1l8m. Astelia sp. (unnamed) a species V✓hich has a. pa.rt·icularly 
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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 

gives way to B. capense wh'ich peaks at 1, 337m v�i th a 

relative cover of 55 percent. From this altitude the ground cover 

species a.re the canopy or top stratum spc:cies and thefr distribut­

ions have already been described. Hovlever bil irr;porta.nt feature of 

the distributions of these species is that their distribution in 

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

category. f. purni'!a, Helichrvsum so. (unncur;ed)_!l and Rhacomit riurn 

�- a 11 form a substa.nti a 1 part of the ground cover category at

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

spec-ies distributions in the ground cover category thus para11e1 

the pattern observed in the canopy with a progression of unimodal 

1curves 1 as one species takes over from another with increasing 

altitude. 

York Road Track Ridge Canqpy Species Correlation 

The use of the Linear Regression Model for testing Species 

Association 

There are several assumptions implicit in the use of the linear 

regression model (and fo particular Pearson's Product Moment 

Correlation Coefficient) and these are summar-ised by Poole and 

0 1 Farrell (1970). Two of these assumptions are particularly 

relevQnt to vegetation data analysis in the sense that they may 

be difficult to meet. 

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

correlated have a joint normal distributfon and that the conditional 

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 1 iterature on 

vegetation ana1ysis seem to take full account of the assumptions 

to be met before employing the 1 inear regression model and 

consequently the conclusions obtained regarding species correlation 

may be innacurate. With regard to the f "irst assumption listed 

Gooda11 (1973) notes that 11 ecological d2.ta is often very far from 

being normally distributed - in fact, a 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 tab"les may lead one far astray 11

• (Goodall, 1973� 119.) 

With regard to the second assumption listed Goodall (1973), 

notes that non-linear relations between species are not uncommon 

and 11tha.t where observations cover a fair'Iy w·lde range of ecological 

conditions, different species may occur in maximum quantity at 

different environmental values, and decrease both above and belov-1 

this optimum. Where the modes of the two species do not coincide, 

this means that a linear model may fail to reveal the relationship 

bet\1een them 11 • 
( Gooda 11 , 19 73, 126. ) 

It is possible to correct for situations in which data does 

not fulfil the ass ump ti ons of the 1 i near regress "ion model in some 

instances. Possible compensa.tions for 1) include normalising the 

data by transformation or the use of a non-parametric statistic for 

example Spearrnan's Ra.nk Correlation Coefficient. which makes no 

assumption regarding the n;4i".1Jre of the var-iable d·istributions. 

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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of species distributions for the 30 major canopy species 

York Road Track Ridge revealed problems as far as meeting 

these two assumptions of the linear regression model was concerned. 

The calculation of the species correlations was thus carried out 

with the a.ssumptfons in mind and where possible data transformation 

was attempted. The possibilities for transformation have not been 

exhausted however as many of the alternatives, in particular the 

use of non-linear statistics and higher order polynomial transform­

ations, are beyond the scope of this study. Keeping this in 

mind species correlation coefficients were calculated first using 

the unmodified quantitative data (Pearsons Product Moment Correla­

tion Coefficient), second after natural logarithmic transformation 

(Pearsons Product Moment Correlation Coefficient) and finally 
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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 sign·ificant 

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 Correlation Coeffic-

ient were concerned. The number of statistically significant 

corre1ations p = � 0.005 increased from (30) in the unmodified 

data to (56) and (64) for the natural logarithmic transformation 

and Spearmans Rank Correlation 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 

significant species intercorrelations (increasing the cohesiveness 

of the clusters identified) in the species clusters identified. 

In the use of Spearmans Rank Correlation the increase in 



stati sti ca 1ly s i gni fi cant species corre 1 ati ons are more tl1e result 

of the conversion of quantitative data to rankings and the subse­

quent loss of detail. To offset this however the use of this 

non-par-ametrk statist-Jc requires no assurnptfons be met rega ding 

the nature of the variable distributions. 

The species groupings or clusters identified are presented 

with the caution that the assumptions of the 1 inear regressfon 

model a re not met totally in each of the thref cases. Ho·-✓ever 
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the overall degree of similarHy in the pattem of species correl•H 

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 (unmodified data) 

Calcu1ation of the Pearsons Product Moment Correlation 

Coefficient to test the statistical significance of association 

amongst the 30 major canopy species (determired by importance 

values >5 or \vith �2 occurrences in the canopy) reveals some 

statistically significant species association. Species correlations 

achieving the normally accepted significance level p = ( 0.005 are 

depicted on u linkage analysis Fig. 13 employing the method of 

McQuitry ( 1957). Five species ch!sters a re formed at this 1 eve l 

of significance and they are ecologically meaningful in that the 

species clusters obtained are of species with similar altitudinal 

distributions. Cluster 1 consist�. of U. racernosa and C. ser_-rat�s. 

Cluster 2 includes a range of middle altitude tree and shrub 

spec�es Cluster 3 includes three shrub species which tend towards 

the upper a 1 t·i tud"irw l 1 imit for shrub species ( C. vauvil l i �rs ii.� 
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o. 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

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

both represented in the extreme upper altitudinal quadrats. In 

total there are 30 statistically significant species correlations 

(p = �0.005) out of a possible of 435 and further to this a total 

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

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

positive association results from the almost identical altitudinal 

distribution of the species thro.ughout the 10\�er altitude quadrats 

although it must be noted that the complete distribution for these 

species has not been sampled. Therefore thesignificant correlation 

may simply result from this fact a.1though field observa.tions in 

sites lower than those formally sampled supports the correlation 

obtained. The species correlations in Cluster 2 as a whole are 

ecolog'ical1y meardngful fo 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. When only correlations of� p = 0.001 are considered 

cluster 2 divides logically into these three sub groups. Like-

wise the species correlations in cluster 3 are ecologically 

rreaningful. The shrub species found at the upper altitudina.1 

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

correlation to the tussock species. When only the correlations 



significant at p = 0.001 are considered cluster 3 divides logically 

into two subgroups the upper altitude shrub species and the 

tussock species along with Hebe·odora. The species intercorrela­

tions in the herbfield cluster 4 are more complex and appear to 

be related not only to altitudinal l"imits but also to substrate 

conditions although this is difficult to prove without further 

investigatfon. The correlation of Anisotorne , f:_ __ 91andulosa var. 

latifo-i-ia, Rhacomi'trium S2.P_. appears to b2 moisture based in trw.t 

these three species tended to occur together in poorer drained 

sites in upper altitude quadrats. It is also possible that the 

intercorrelations between Gaultheria, C. oracilenta var., 
----· __ ,, ______ _

Drapetes, and Forstera represent drier substrate conditions.However 

the pattern is not straight forward and the pattern of intercorrel­

ation could also be partly explained purely in terms of altitude 

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

to�- gracilenta var. When only correlations significant at 

p = 0.001 are considered Luzula s2._.and C. pumila form a sub­

group apart from the rest of the herbfield species. A possible 

explana.tfon is their occurrence on sites exhibit"ing ridge - hollovi 

terracing. Overall the species correlations in this herbfield 

cluster 4 are complex and any explanation in terms of altitudinal 

limits alone is difficult because of the influence of other 

factors such as substrate conditions. The correlation of 

Helichrysum and Mantia appears to result from their similar 

distribution centred on the upper most quadrats and in the unstable 

substrate cond'itions on scree slopes. 
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9nopy Species Correlation Pearsons Product Moment Correlation 

(natural loqarithmic transforn@tion) 

The data was transformed to natural logarithms and again 

Pearsons Correlation Coefficient was used to d2termine the number 

of statistically significant species associations. (See Appendix 

3.) The correlations which achieve the generally accepted signif­

icance level p = �0.005 are depicted on a linkage analysis in 

the same way as the unmodified data (See Fig. 14). At this level 

of significance only two species clusters a .... e defined the f·irst 

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 

ha.s the effect of increa.sing the number of statistically significant 

correlations (from 30 to 56) and consequently causing 1 cha·ining 1

of the clusters previously delineated in the unmodified data. 

The same overall pattern of species asso�iation 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 we 11 subgroups or noda i11here a higher 
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degree of intercorrelation occurs within each of the clusters 

identified correspond with the clusters delineated in the unmodified• 

data. vJhen posit ive correlations significant at p = � 0.001 

only are considered three species clusters are apparent the first 

composed of two forest species G. littoral is and P. hall ii, the 

second a 11 the rema·ining forest and shrub species :: and the thfrd 

the herbfield species. Again the pattern of species intercorrela­

ti0r1 appears to be ecologically meaningful in that species \vith 

similar altitudinal distributions are grouped together and 

'chaining' v.Jithin clusters occurs in a '!ogica.l progression from 
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lower altitude species through to higher altitude species. The

pattern of i n t e r co r re 1 at 'ion i n the he rb f i e 1 d c 1 us te r i s mo re 

complex because of the often 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 correlations significant at p = , 0.001 only are con­

sidered simil ar noda of species intercorrelation are apparent. 

Canopy SpeciPS Correlation 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 loss of information 

and simplifying relationships. The advantages of this approach 

have already been described. At the p = � 0.005 s_ignificance 

level two species clusters only are delineated both id�ntical to 

the logarithmic transformation result with regard to cluster 

membership and very similar with regard to the pattern of inter­

correlation. /\gain the overall pattern of species a.ssociation 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 1 chaining 1

of the clusters de 1 i nea ted i 11 the unmodffi ed data. Two c 1 usters 

are appa. ent until the p = 0.004 significance level at which point 

vJ. racemosa and C. ser "atus separate to form a dist'inct cluster. 
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No further clustersseparate by continui_ng to increase the signifi­

cance level accepted for cluster definition but the number of inter­

connections or degree of cohesiveness decreases as more rigorous 

levels of significance are set. 

Each of the linkage 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. littoralis - P. hallii in the second instance. 

The total number 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 a1tHudinal 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. spec-ies 

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 

community type hypothesis. 
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York Road Track Ridge Species Phys i ognom,x_ 

Total Canopy Cover and Maximwn Canony Height 

Both Total Canopy Cover and Maximum Canopy Height are quant­

itative expressions of a whole range of physiognomic and structural 

changes which take place along the altitudinal gradient. (See Fig. 

15.) Maximum canopy height decreases with increasing altitude from 

the highest maximum canopy height of 13m recorded in the W. racemosa 

dominated quadrat at 897m through to 5cms max. canopy height 

recorded in the Hel ichrysum sp. domfoated qua.drat at 1� 797m. 

Maximum canopy height was selected to represe11t the differences 

in canopy height through altitude because it could be determined 

rapidly whereas mea.n canopy height or range of canopy he·, ght would 

have involved multiple estimations of canopy height. In most cases 

maximum canopy height is a reflection of bne or two dominant species 

which achieve the greatest stature at any g·iven qua.drat. Thus 

in the lower forest quadrats the maximum canopy height is usually 

exhibited by �4ei nmanni a or emergent Podocarpus. whi 1 e in the sh rub 

dominated quadrats the maximum canopy height is exhibited by 

S. el aeagDt fo'i "ius. The maxi mum canopy height ma.y in fact be an

extreme va 1 ue 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 line representing 

maximum canopy height are clear cut. From 897m through to 1,118m 

the major canopy species recorded for maximum canopy height was 

P. hallii and it declines steadily from 13m to 2m. From 1,118m

to 1,218m P. hallii is no lnnger emergent above the rest of the 

canopy and in fact is more part of a closed canopy in which 

S. elaeaGnifolius is beginning to domin,�te. By 1,218m S .. elaeagnifoli.��-
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clearly dominatesand thus the maximum canopy he·ight recorded 

again shows a steady decline until 1,547m. At this point C. rubra, 

which shared the maximum canopy height with Senecio in the upper 

shrub quadrats and then replaced it in the tussock dominated 

quadrats� reaches its upper altitudinal limit. From 1,547m onwards 

the maximum canopy height is that of the ground cover stratum 

including Po�_s:olensoi and Helichrysum SIJ. Key points along the 

line representing maximum canopy height are therefore where Senecio 

replaces Podocarous, where Chionochloa finally dominates Senecio 

in terms of maximum canopy height, and �here Chionochloa reaches 

its upper 1-l mit and is rep 1 aced by the much sma 11 er herbfi el d 

species. 

Total Canopy Cover 1 i ke Maximum Canopy Height reflects the 

changes in species composition and their subsequent effects on 

physio9nomy and structure of the vegetation. (See Fig. 15.) In 

the lower altitude forest where Weinmannia and Podocarpus 

donrinate there is a dea1 of fluctuation in the total canopy cover 

which appears in part to reflect the growth ha.bits of these two 

species (the tendency for Weinmannia to form a more closed canopy 
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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 lower altitude forest; 96 percent 

occurring where \;Jejnmannia is clearly dominant. Total Canopy cover 

thus decreases as Podocar1 us become dominant between 959m and 1,087m. 

Then as Podocarpus 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 

onwards as Seneci o joins the canopy, Pooocarpus_ is no 1 anger emergent, 

and Griselinia is more of a low growing spreading shrub, total 
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canopy cover values consistently reach above 90 percent. From 

1,261m onwards the shrub species begin to reach their upper limit 

and as the relative proportion of tussocks increases total cover 

values for the top stratum decrease to 70-80 percent. From this 

po"int the definition of the top stratum becomes critical for the 

tussocks decrease in stature until they begin to merge with smaller 

herbfie.ld species such as Ceimisia 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 cover steadily 

declines through altitude unt-il by 1,797m a total cover of ·.only 

3 percent is recorded. This however conceals on important change 

in vegetation pattern in that much of the decrease in total cover 

at high altitudes is the result of the harsher environmental 

cond·itions, the ·inability of species to colonise and survive, and 

the increasing area. of 11 uncolonisable" rock. At the point where 

the tussocks of the top stratum and the ground cover species 

become difficult to separate the total ground cover 

reaches above 90 perceht 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 outlined in detail in the discussion 

relating to Total Ground Cover. 

To summarise then the major changes in total canopy (top 

stratum) cover through altitude relate to 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 declines 

as the shrub species upper limit is reached and the tussocks become 

dominant. Finally the herbfield species reach maximum cover betv'feen 

1,489m and 1,547m and progressively decline as conditions become 

more extreme towards 1,855m The lowest 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 det,dl in the 

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

In conclusion it must be noted that maximum canopy height and 

total canopy are absolute values and therefore give an indication 

of total species bio,nass at each of the sites recorded. As noted 

in Chapter 4 abso 1 ute measures ha.ve a greater ecol ogi cal s ·i gni fi cance 

than relative measures of species d2ns·ity or cover in that trwy 

enable comparison of actual species biomass at each site rather than 

just the relative species composition. The importance of this data 

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

(importance values) result in all quadrats appearing to contain 

equal total quantitative values of species composition presentation 

of the maximum canopy height and total cover data demonstrate the 

marked differences in biomass between the quadrats. The difference 

between lower altitude forests and upper altitude herbfields in 

terms of biomass a.re extreme. The We"ir Hnannia. dominated quadrat 

at 897m thus may be considered as a four tiered structure - canopy, 

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 by 

P. colensoi in comparison 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 beb;een these quad rats 

in terms of plant biomass can be obtained by multiplying the unit 

area occupied by vegetation by the maximum canopy height. At 

897m and including tl1e cano�y only this is 598 cu metres/ 25 sq m 

as compared with 1.625 25 sq rnetres in the quadrat 

at 1,855m. Total plant biomass thus decreases dram�tically with 



increasing altitude and although more floristic data than physiog­

nom·i c structural d&ta has been col 1ected in th·is study the 

si gn·i fi ca.11ce of the 1 atter is fully recognised. 

Total Ground Cover 
-.-••------

Total ground cover for the York Road Track Ridge is also 

depicted on Fig. 15. At the lowest altitude quadrat (897m) total 

ground cover is 65 pe�cent but it declines steadily as the shrub 

species begin to dominate from 999m onwards. Values as low as 

15 percent are recorded in quadrats dominated by P. colorata and 

S. elae�nifolius. Total ground cover remains low until the upper

alt itudimd limit of the shrub species is approached (1,337m) 
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where it increases rapidly reaching a maximum value of 98 percent at 

1,489m. From this point onwards total ground cover declines again 

rap·idly to 18 percent at 1 !1 58ilm a.nd reaches its minimum at 1,797m 

with only 3 percent total ground cover. Attention has already been 

drawn to the fact that the defi nHi on of canopy ( top stratum) a.nd 

ground 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 recorded in the quadrats where this 

occu1� and the rapid decline from this point onwards appears to 

result more from the unfavourable environrnenta·1 cond'itions of 

higher altitudes and the consequent inab-rlity of species to invade 

and colonise the higher altitude slopes. In the quadrats where the 

separation of the canopy and ground s�ratum is clear cut there is 

an inverse relationship between total canopy cover and total 

ground cover. Three factors appear to contribute to this relation-

ship. The first is the obvious limiting of total ground cover caused 

by a close-knit canopy reducing the amount of light reaching the 

ground. The second is the different growth habits of the lower 



altitude ground cover species for example Astelia nervosa and 

Blechnum discolor with their more robust growth forms would be 

expected to achieve much greater coverage than the much smaller 

species ft .• aromatica, 0. macro, hylla, R. nivicola, and Celmisia s�E· 

growing at higher altitudes. The third possible factor is the 

shrub canopy floristic composition. D. filifolium for example 

produces a litter of dead 1 needles 1 which appear to inhibit the 

ground cover growth. . The fact that D. fi 1 i fo 1 i um forms such a 

close knit canopy may be an ·inhibiting factor as well however the 

effect of the needle litter deserves more detailed investigation. 

To summarise the overall ground cover pattern is one of increasing 

total grourd cover with decreasing tota 1 canopy cover. Beyond 

1,584m however the more unfavourable environmental conditions 

begin to show their ful1 effect and tota 1 ground cover decreases 

markedly with ·increasing altitude. The minimum total ground cover 

recorded 3 percent at 1,797m occu� where recent scree movement 

has obviously affected the degree of coverage achieved by the 

vegetation. 

Tree-Shrub Interface 

In order to examine more closely the discontinuites in canopy 

s·pec-ies composition, physiognomy, and structure apparent at the 

tree-shrub interface data from four locations, Lake Dive, North 

Egmont, Dawson Falls, and York Road is presented on Figures 16, 

17, 18, 19, 20, 21 and 23. This includes Canopy Relative Density, 

Canopy Max.imum Height, Number of stems per 100 sq m, and Vegetation 

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

and altitudinal range is summarised on Table 9 and the altitude 

for each quadrat is listed in Table 10. 

97 



t/) 

z 
UJ 

0 

LU 

� 

LU 

\I) 

z 
0 

UJ 

� 

..., 
UJ 

90 

80 

70 

50 

4 

30 

20 

10-

80 

70 

60 

50-

30 

2 

10 

Figure 16 

98 

NORTH EGtAONT Tree-Shrub Interface 

1-l. raccmosa 

----
---

G. littorolis_. 

- . -�. --- ·---. 
---·

_ _.----- -----�

900 950 

Figure 17 

YORK ROAD 

\�. raccmosa . 

/ 
G. lit toralis 

900 9.0 

1000 1050 

\ \-.:.: shnplcx 

. \ :·.:..;-,• -
-\- . .

\ L. bid\d llii 

r-· I 
1100 1150 

Tree-Shrub Interface 

1050 

ALTITUDE IN METRES 

S. el�eagnifolius

1100 r:-



90-

80 

7 

>-
60 I-

50 LU 

UJ 

I-
30· 

UJ 

20 

10·--· 

90--

80-

70-

60 
l/) 

LU 

50 c:::i 

w 
40 

�-
30 

20 

10 

Figure 18 

DA\A/SON FALLS · Tree - Sh rub Interface 

, ..... 

/ P. colensoi 

·--· --. / .. . .. --G. littoralis .":--·--.-......:.: ;_;..Y:. 
-e-_ /.·.... -· .

. 

S. elacagnifolius 
simplex 

900 950 1000 1050 1100 1150 

Figure 19 

LAKE DIVE Tree--Shrub Interface 

S. elacagnifoljus 

P. _hallii 
�--

jlicifolia 

9 0 1000 50 1 50 

ALTITUDE IN METRES 

99 



100 

Table Cf • Tree-Shrub Interface 9�acjrat Environmc�ntal Data 
J

North Egmont (Figure 16) 

York Road (Figure 17) 

Dawson Falls (figure 18) 
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Comparison of Canopy species reveals major dHferences fo species 

complement, rate of change in dominance from tree species to shrub 

species with increase in altitude, the relat'ive density of species 

at comparable altitudes, and the overall altitudinal range 

of species at the four locations. 

Lake Dive Track Ridge 

The major canopy species represented at the Lake Dive location 

a. re P • ha 11 i ·i , L . bi dwil 1-i , G. 1 H to ra 1 i s , P . s i mp l ex var . s i n cl a. ir n ,

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

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

relat·ive density of 56percent at 974m. G. littora1is which 

parallels the Podocarpus distribution but is subordinate to it up 

to 1,035m becomes dominant at 1,066m reaching its maximum relative 

dens'ity of 42 percent. Grise'linia. is replaced in turn by .olear'ia 

il'icifolia at L096rn with a relative density of 29 percent and 

S.elaea_gn'ifolius dominates at 1,127m with a relative dens·ity of

60 percent. Thus the progession of donrinance by one canopy species

and its r0placement by another results in a change from Podocarpus -

Griselinia - Libocedrus forest to Senecio dominated scrub. This
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e . Altitude 

A 1ti tude 

Feet Metres 

York Roa.d 

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 Fa11s 

6 3,600 1,096.80 

7 3,500 1,066.33 

8 3,380 1�029.77 

9 3,270 996.26 

10 3,170 965.79 

11 3,065 933.80 

North Egmont_ 

12 2,865 827.87 

13 3,005 915.52 

14 3,200 974.93 

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 
-

La.ke Dive 

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 



102 

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. littoralis, 

detracts from the floristic discontinuity in that it extends into 

the Senecio dominated scrub. However physiognomically it adopts 

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 locations beti•Jeen the 

qua drat sites. 

The Lake Dive location (See Fig. 19) exhibits a particularly 

rap·ict rate·of change from dominance by tree species to dominance 

by shrub species. For example the rate of increase in relative 

density for S.elaeagnifolius from the quadrat immediately before 

its appearance in the canopy to its maximwn 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 cornposit'ion. The rate of change exhibited 

by the Lake Dive location in particular with reference to S.elaeagni­

folius is the most rapid of the four and this can probably be 

attributed in pa.rt to two of the env"ironmental factors recorded 

in Table 9, Firstl_y 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 along an altitudinal 

gradient in Ethiopia were caused by competitive exclusion occurring 

in the limited horizontal d·istance afforded by steep s·lopes and 

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

locations is compared. Secondly the southerly (S. - S.S.W.) aspect 



of the ridge may a. l so contribute to the rap·i di ty of change in 

spedes cornpos·ition. Although only very 'limited climatic data is 

available for Egmont National Park the southern side of Mt Egmont 

is generally considered to be less favourable than the northerly 

and easterly aspects because of the longer winter snow-lie, lower 

insolation in late afternoon, and exposure to salt-laden sea winds. 

York Road Tratk Ridae 

In marked contrast to the Lake Dive location is the York Road 

Track Ridge (See Fig. 17). The major canopy species represented 

are i✓• ra.cemosa, P. hallii" G. lit toralis� _?. colorata., P. simplex 

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

dominates with a relative density of 44 percent. Weinmannia 
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gives way to P. hallii at 959m (relative density 52 percent) 'r✓hich 

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

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 999m with a relative density 

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

first recorded in the- canopy a.t 1,087m reaches a relative density 

of 33 percent by 1,145m. The change from Podocar us - Griselinia 

forest through to Senecio dominated scrub is thus complete by 

1,145m and the tree·-line defined in terms of ,1 change in species 

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. 

The rate of increase for S. e1aeq.4__t rifol'lus from the quadrat immediately

before its a.ppearance in the canopy to its maximum representa.ti on is 



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 

t his 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 Fa 11 s 
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The major. canop,y species represented at the DavJscm Fa 11 s 1 ocati on 

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

S. elaeagn·ifo"lius, a.nd P. sim2lex varp 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 996m where its maximum relative 

density 86 percent is recorded. P. colensoi !, ·f'irst recorded in 

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

until at 1,096m a refotive density of 57 percent is recorded. 

G. 1Htora1-is is recorded in all quadrats and is a·tways one of the

subordinate species. S. elaeagnifolius is first represented at 

1,096m with a re1ative·densHy of 12 percenL This is only the 

beginning of its representation in the canopy and although no 

formal data was collected above 1,096m its estimated relative 

density at 1, 127m is 50 percent mak"ing it the most h·i ghly 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 distributfon. In terms of species 

complement Dav1son Fa 11 s differs from the two 1 ocations al ready 

descdbed in the ·importance of P,. colenso·i as a canopy species. 

Although physiognomi cally di ssinri lar f�o1ensoi at Dawson Falls 

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

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

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 fact it is present at two sites between 933 and 996m. 

It does not achieve the dominance 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 ihat of Lake Dive. For example the rate of increase 

for P. colensoi is 14 percent relative density per 30m. The 

comparison is not as valid as that of Lake Dive and York Road 

however in that classification of P. colensoi as a shrub is 

arb'itrary. P. co·Iensoi in fact may be more properly \dewed as a 

species which dominates a transitional zone between Podocan us 

dominated forest and Senecio dominated scrub. The tree-line defined 

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

North Egmont 

The major canopy species represented at North Egmont a.re 

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

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

dominates betv,1een 872 and L006m with a. maximum relative density of 

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

W. racemosa. unti1 1,096m when f_._ hall-ii assumes dominance with a

relative densHy of 39 percent. G. littoralis ·fs subordinate to 

P. hallii throughout the lower altitudina·l quadrats but its distribution

continues into the higher altitude quadrats above 1�08lm where P. ha1lii 

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

dominant a.t l�.096m ,�,ith a relative density of 34 percent and gives 

'v•Jay in turn to S. e1a.ea:Jn�fg_l_iJ_J� at Ll15m. Senecio continues to 



increase in domina.nce reaching a relative density of 58 percent at 

1,165m. Libocedrus is distributed between 1,038m and 1,096m 

fonni ng a rn-i nor component of quadrats dom·i nated by Podocarpus but 

also extending into the shrub dominated quadrats. In the latter 

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

and Senecio. L-ibocedrus is found in discrete groups similar to 

the c!i stri but ion pattern a 1 ready described for Lake D·i ve a 1though 

it is particular1y wel 1 represented at North Egmont. Many sites 

not formally sampled exlribit relative densities of 80 percent or 

more and the r·idge sides and valleys between 974m and 1,096m 

support dense stands of Libocedrus�The change from a Weinmannia 

Podocarpus - Griselinia forest to Senecio - Pseudopanax scrub is 

complete at 1,115m although Griselinia remains a minor component 
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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 

·1ocations already described the upper altitudinal limit of l,Jeinmannia

is 1.006m approximately 50m higher than the upper limit at Dawson 

Falls. This is a possible indication of more favourable climatic 

conditions at North Egmont in the lower quadrats at least. 

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

notes lion Mt Egmont areas tha.t have received recent additions of 

ash are distinguished from those that have not by the absence or 

lesser abundance of kamahi 11• (Druce !I 1961, 107.) 

The rate of increase in representation by S.efueaqnifolius is 

second only to that of Lake D·ive at 21 percent relat·ive density 

per 30 m. This is in direct conflict with the higher altitudinal 

limit exhibited by vL racemoscl and may be exp'lained in terms of 

more rapid environmental deterioration in the upper quadrats. The 

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

York Road however the gradient of the upper quadrats is closer to 



1:3 and could account for the rapid changes in canopy species 

representation between 1,006m and 1, 115m. 

In cdnclusion 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 limits and degree of representation of

the major canopy species.
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All four locations have most of the major canopy species in common 

including �-��laecgnifolius, P. hallii, G. littoralis, and P. simplex 

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

the absence of L. bidwillii from York Road and Dawson Falls although 

in the latter case the absence is from quadrat data only. W. racemosa 

is represented at all four locations although at Lake Dive collection 

of data to a lower altitudinal limit of only 974m prevents comparison 

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

fornring a distr·f bution transHional between Podocarpus .- Gr·iselinia 

forest and Senecio dominated scrub at Dawson Fall�P. colorata is 

notable in forming a distribution transitiona
r

l between Podocarpus­

Griselinia forest and Senecio dominated scrub at York Road and in 

one quadrat 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 locations ma.y also 

a.ffect the rate of change from forest to scrub species in the sense 

that some species reach the�r maximum or at least important 

representation in quadrats intermediate between forest and scrub. 

For example the often mentioned 0. ilicifolia at Lake Dive, 



P. co 1 orata at York Road, and L. bi dwi 11 ii at North Egmont and Lake

Dive. Hhere a greater range of species is present� particularly 

in transitional quadrats, the nature of the change becomes more 

complex for example at �orth Egmont. 

A con�arison of the four ridge locations enables the more 

common species ·interactions to be characterised. For example 

P. hallii generally dominates over G. littoralis although

G. littoralis has a rnarginany higher upper altitudinal l 'irrlit.

W.racemosa quickly dominates over P. hallii and G. littoralis in

lower altitudes (below 1,000m) but the latter species remain as 

importa.nt components in the canopy� L. lr1dwilii·i 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. littoralis particularly as the upper altitudinal limits of 

the latter are reached. Senecio is usually represented as a minor 

canopy component with a more tree- 1'i ke 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 o�e species to another 

particularly 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 Road locations give the 

best support for the elevation gradient in particular. Comparison 

of these two ridges supports the contention of Beals (1969) that 
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the limited horizontal distance afforded by steep slopes causes 

competitive exclusion of species and thus disjunctions or discontin­

uities in species represent:tion along the altitudinal gradient. 

Less favourable climatic conditions related to aspect already 

descr·i bed for Lake Dive could accentuate Uris di scont'inui ty" Other 

factors affect"ir ,g tlYis could be the number of species ·involved in 



the interaction and unrecorded climatic variables. The latter in 

particular could provide the strongest effect on this rapidity of 

change or d·i scontinui ty 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 

ridges. 

The altitudinal limits and the degree of representation of the 

major species varies at all four locationso He·Iative density of 

these species at any given altitude would be affected in two major 

ways: firstly by the number of species competing at that altitude, 

and secondly by the relative climatic limitations imposed at that 

altitude for each of the r·i dges. Thus at 965m at Dawson Fans 

P. ha 11 ii reaches a re 1 ati ve density of 79 percent the only other

canopy species being G. 1 ittora l ·is and t1 . __ racemosa.. Further to 

this W. racemosa is near its upper limit and is presumably less 

competitive. In contrast on the North Egmont ridge at 1,081m 

P. hallii has a relo.tive density of 39 percent with L. bidwi1'lii,

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

rema·inder of the canopy. The indirect evidence of species 

distributions on the four ridges points to the least favourable 

conditions being those of the Lake Dive location. York Road and 

Dawson Falls appear to be similar on the basis of the upper limit 

of W. racemosa while North Egmont is anoma 1 ous with \1J. racemosa 
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extending up to 1,038m followed by an extremely rap-id change to 

Senecio dominated scrub. The general climatic descriptions 

available support the suggestion that the Lake Dive location would 

have the least favourable climatic conditions but little difference 

is reported between York Road, North Egrnont, and Da\•Json Fal 1 s. 



Phy siognom.,, and Structure

The tree-shrub interface may be examined in terms of the 

species physiognomy a.nd vegetation structure as well a.s floristically. 

The floristic discontinuity described for the four locations 

exa.mined is further emphasised by the discontinuities of physfognomy 

and structure� Reference has already been made to the change fo 

growth habit at the tree-line at each of the four locations and 

this change ·1n growth habit is quantitatively measured a.s max·imum 

canopy he·!ght and number of individuals per 100 sq 111. The change 

in growth habit is essent·ial'ly one from the tall upright pyranridal 

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

mosa to the low grmving, spreading, and cornoact canopy of the 
---- ... . 

Seneci o dond nated scrub. Accompanying thi �; is the change from a 

few large ind·ividua.ls per 100 sq m to many smaller fodiv·iduals per 

100 sq m. Figures 20 and 21 depict these changes along the 

altitudina.l gradient for the four locations. York Road and North 

Egmont prov·i de the best evidence for a prys fognomi c d·i sconti nuity 

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 sq m. On Fig. 20 

the lines representing maximum canopy height for York Road and 

North Egmont show a change in slope from 1,096m onwards. Fig. 21 

supports this observation with the change in slope of the line 

representing numbers of individuals per 100 sq m occurring between 

1,066m and 1,096m. In both cases this points to a discontinuity 

between the tree dominated and shrub d�minated quadrats in terms 

of physiognomy of the species involved. 

In order to c1arify interpretation of this data it is presented 

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

two physicgnomic variables; maximum canopy height and number of 
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individuals per 100 sq m. The scatter diagram clearly shows the 

discontinuity between the tree doi1rina.ted and the shrub dominated 

quadrats. The cluster la.belled A consists "in four cases out of 
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tl1e six of S(,:,necio dominated quc.drats (re1at"ive cover greater thati 

4.0 percent). The cluster ·1abc11t�cl B consists ·in 17 cases out of 

20 of quadrats dominated bv eHhcr P. ha11ii� G. 1ittoralis, or 

vJ. racemosa, The exccpt;ons in both cluster-s are those quadrats 

which consist of shrub species capable of approaching tree height� 

for example .9. "ilkifolia !) P. colorD.ta, P. sfomlex va.r. s·inclairii� 

P . col en soi � and S . e l a ea g n ·i fo 1 i us 2. l on g with the 1 a rg er tree 

species particularly P. hallii, G. littoralis� and L. bidwilli. 

Quadrats with this type of species compositfon are the ones \\lhich 

apptoach closest to the discontinuity, (ma.rl"ed on Fig. 22 as the 

mi dpofr1t between clusters A and B). Cluster B is more proper·ly 

viewed as a continuous range of quEtdrats in wh-ich one of the 

major tree species domina.tes. Canopy height in part·icu1ar 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 canopy height will be. · Thus for example the canopy height 

recorded both at lower and micid1e altHuC:es could be from the 

same species, tha.t is emergent P. ha 11-i L The di scontinuHy 

becomes 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 canopy height variation 

was incorporated into this comparison the cJ-iscontinuity may not be 

quite as marked. Inevitably incorporated into th�s physiognomic 

discontinuity is c1 degree of floristic contfr,uity; for example 

G ., 1ittoral·is and P. hctllii ctr'G represented on both sides of the 

physiognomic di continuity. G. littoralis -in particular adopts a 
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different grovith habit in the upper al tHude quadrats ma.king it 

the physiognomic equivalent of the shrub species. P. hallii 
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on the other hand becomes 1 ess and "less er:v2rgent so that eventually 

its apical shoots are level with 

canopy. 

the Scnecio dominated shrub 

Vegetation structure s that is the number of strata present in 

the vegetation, ·is summarised diagranm1at·ica.1ly for the North 

Egmont location on Fig. 23. The pattern depicted is representative 

of the pattern at the other three locations with minor exceptions 

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

categories or strata defined for the vegetation structure are 

arbitrary, particu1a.rly the dist'inction made between shrubs and 

subcanopy and bet�veen the sma 11 er shrubs and ground cover. Ca tegor-

isation with height constraints is essential however for accurate 

recordfr 1g and comparison of qua.drats uri'l ess the hei 9ht of every 

single individual is recorded. The general pattern of change 

apparent along the altitudinal gradient is the change from the 

mu1 ti ·1 ayered forest quad rats through to the shrub quadra.ts in 

v.Jhich the only layers adequately differentiated are the canopy or 

top stratum and the ground cover stratum. The complexity of the 

1 ov1er forest quadrats is accentuated by the presence of up to 

13 epiphytic and two liane species. 

The lower altitude quadrats between 872m and 1,038m consist 

of four major strata along with liane and epiphytic species. The 

vertical a.rrangement consists of: 

1. the ground cover stratum ciornina.tf:d by 12_
-:_ 
__ _s!_iscolor a.nd A. nervosa

�ean height 75cm)

2. the shrub stratum including Copr-osrno. australis, Coprosma 1ucida



and Alseuosmia macrophyl}a (75cm - 2.00rn). 

3. The subcanopy including P. colorata, M. salicini�, P. hallii,

C. tenuifolia ) P. simolex \�0X> sinclairi·i, C. scr-ra.tus, a.nd

W. racemosa (2.00m - Q.50 - 11.00m))
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4. The canopy including vL rac�rnosa, P._ha)Jii� and _c;, littoral is

(7.50 - 8.50m / 11.00 - 13.50m)

The maxi mum canopy he·i ght is genera 11y exhibited by prn0rgent 

P. hallii with W. racemosa and G. littorilis forming a lower more

compact canopy surrounding the emergents. 

The middle altitude quadrats, 1.038m to l 5 096m, consist of 

four major strata and up to five epiphytk species and two 1 iane 

species. The vertical arrangement consists of 

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

tufll (up to 70cm)

2. the shrub stratum which is beginning to become indistinguishable

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

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

3. the subcanopy 1/Jhich includes some species whkh at lrigher

altitudes become part of the Senecio dominated scrub (2.00m -

( 3. 00 - 7. OOm) ) ·

Dominant species are P. simplex var. sinc1airti� P. colorata,

C. australis, C. tenuifolia, and S.elae�qnifolius.

4. The canopy which includes L. bidwillii, G. littoralis, P. hallii,

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

7 • 00 - 7 • 5 Om) ) 

The maximum canopy height is generally exhibited by emergent P. hallii 

and L. bidyLL!J·ij_ with a lower canopy limit cons·ist-Jng of P. simplex_ 

and G. 1 i ttora 1 is. 



The upper altitude quadrats, 1,115m to 1,165m, consist of two 

major strata and a limHed reprc➔sentation of epiphytes. The 

vertical arrangement consist of: 
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1. the ground cover ctratum dominated by B. capense and A. nervosa

(up to 55cm)

2. the canopy or top s tra tt!m dominated by S. el aec-ign i fo 1 i us,

P. co·lensoi, P. �irnplex va.r. s inclait ii, and C. pseudocuneata

(55cm - 2.25m) 

Distinctfon between canopy or subcanopy strata is impracticable 

in that most of the top stratum in fact occupies the 1.50 - 2.25m 

height c 1 ass and is dense 1y i ntervmven and compact. 

Exceptions to the general pattern descr·i bed for North Egmont 

are found at Yori' Road beb1een L087m and 1,145m� Lake Dive at 

1,086m and Dawson Falls at 1,096m. These exceptions do not 

detract from the overall pattern :. rather they are the resu'lt of 

either disturbance of some form or the differences resu·1 ting from 

the species complement present at that location. At York Road 

the shrub layer is poorly differentiated from the canopy/subcanopy 

strata and is dominat�d by P. colorata. This probably results 

from prev'iously much higher goat populat"ions centred on Quarry 

Bluff and the dominance of P. colorata is usually considered as an 

indicator of such a disturbance. At the Lake Dive quadrat (1,066m) 

differentiation between the canopy and subcanopy was d·ifficult. 

The main canopy species included Coprosma sp. (unnamed), P. ha'llii, 

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

do�inating. G. littoralis is emergent at 5.5m but with a spreading 

canopy resulting from up to four major 1ea.ders per individual. 

I3elovJ this at a m;-�xirnurn of 5m is a. complex mix of the species 

a h'eady noted v1h i ch form a bro!-en and uneven canopy. As vJe 11 the 



shrub and subcanopy strata ai'e poorly dHferentiated because of 

the relatively large numbe: of P. hallii poles and saplings and 

the presence of many species vJhich at higher altitudes become 

part of the Seneci_q_ dominated scr b. These include H. stricta 
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and P. simplex va.r. si_lJ..�Jairii. The sit e  is very exposed v�it h some 

evidence of windfarlen ca.no�•Y trees a.nd this probably accounts 

for the pattern of stratification exhibit0d. The canopy at Dawson 

Falls (1,096m) ·is composed of P. colensoi and P. harli"i 

in the main vJith P. colensoi forming a pi:lrticularly even and co·npact 

canopy and P. ha·11i __ 1_ emergent up to 4·80m. The subc:anopy is

poorly differentiated and resembles mor-e a shrub stratum in that 

few 'individua·1s 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 \vith the compact 

canopy of P. colensoi may accour1t for the pJorly developed sub­

canopy stratum. 

Tree-Shr 1 b Interface: Grouped Data 

In order to provide a generalised description of species 

distributions betv:een 870m and 1,170m and ' in particular the tree­

shrub interface the data collected at all four ridge locations 

was grouped into 30m segments and averaged. Thus the single ridge 

quadra.ts become a composite of quadrats rncompassing the vegetation 

data from twenty six quadrats. Th·is method is comparable to the 

method of data a.ndysis employed by Whittaker (1956) and described 

by l✓hitta.l er (1973) as a composite tra.!lsect. "Samples may be 

grouped by sets of f·ive, sa_v., for thirty metre elevation intervals, 

or for positions along a topographic moisture gradient. Such 

grouping tends to avera.�e out the frre91;la.rit ies affecting ind·ividua·1 

samples� and to produce a clear, more easily interpreted picture of 



species distributions and community change along a gradient. 11 

(Whittaker, 1973, 14.) 

The amalgamation of data has some interesting consequences 

with regard to the interpretation of species distributions and 

1i9 

the cone 1 us ions rea.ched in Whit take r 11 s ( 1956) study. The species 

distributions are smoothed by this averag·ing procedure. and further 

the overlap between the 1 tails 1 of species distributions is 

increased. Thus where in a single transect presentation, for 

example Lake Dive, discontinuity between the tree and shrub quadra.ts 

is marked the abruptness of change is reduced and con ti nui ty betv:een 

adjacent quadrats is increased by composite transect presentation. 

There appears to be reason for crHi ca 11 y exanri n i ng the 

justification for this averaging procedure employed by Whittaker 

(1956) if it detracts from discontinuities which are real in 

vegetation data. Ta.ble 11 and F·ig, 24 show the d·iscontimdty 

apparent at Lake Dive compared with the equivalent grouped data. 

At the quadrats 1ocated on the tree-shrub ·interface the similar"ity 

index calculated for Lake Dive is 0.114 while for the grouped 

data it is 0.371 a clear reduction in the degree of discontinuity 

apparent at the tree-shrub interfaceo The major reason for this 

reduction in data discontinuity is probably the fact that the 

same altitudes at different ridge locations are not comparable. 

As altitude is a complex variable including temperature, wind exposue, 

relative 1-ight intensHy, relative humidity etc locations record­

ing the same altitude do not necessa.ry exh·ibit the same envi ronmenta.l 

conditions. Thus the averaging of data. particularly into 30m segments 

is in fact measuring and averaging a range of species performances 

over a range of environmental conditions. This must surely increase 

discontinuities may be marked on the ground. Kellman (1975) has 
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Table 11. Si mil ari ty Indices between adjacent quadrats

Altitude Similarity Index 
in for 

Metres Adjacent Quadrats 

Lake Dive 1,127.26 
( 

1,096.80 (0.114) Simi1 ari ty Index

1,066.33 0.436 at Tree-Shrub 

1,035.86 0.342 Interface 

1,005.40 0. 775 ( Di scontri nui ty) 

974.93 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 

958.63 0.762 
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summarised this argument stating 1 'the continuous changes in species 

populations shown in the displays provided by these techniques 

were taken by their authors to illustrate the continuous nature 

of vegetation change in space and the absence of discrete associa­

tions. However, some confusion has arisen around this interpreta­

tion through a failure to distinguish between continuity in 

compositfon� \r✓hich was demonstrated, and conthwity on the ground. 

The latter was ·not demonstratc1ble from the data which were derived 

from spa.tfa.11y separated sites 11• ( 11e 1 , rv

•ct- •" l\. I I! I! , 1975, 68-·69.)

Keeping in mind that this type of data analysis increases the 

degree of continuity between quad.rats, Figs. 25 and 26, still 

prov·ide a generalisation or summary statement of the canopy species 

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 868m) at lower altitudes to Podocarpus hallii 

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

and finally S. elaeo.onifolius (58 percent at 1,169m) at higher 

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

subordinate for the moit part of its range but dominant over 

P. halli'i from 1,109m onwards - P. si1w lex var. sinclairii forms

a minor component of the canopy from 985m to 1.079m but becomes a 

more important component of the Senecio dominated quadrats at 

1,109m with a relative density of 15 percent. L. bidwillii achieves 

its ma.x:imum representation 16 percent rela.t·ive density at 1,049m 

but it is only the third most important canopy species at this 

altitude. 
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Species represented in four or less of the data segments are 

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

re 1 ati ve density) of the canopy at 898111 but rapidly decreases its 

representat'ion to 1 percent by 928m. P. colorata and P. colensoi 

both form minor components of the canopy in the middle a1tHude 

further exceed"ing 15 percent relative density. D. fil·ifol-ium, 

Coorosma so. (unnamed)� H� stricta, a.nd C. pseudocuneata all form 

minor components of the canopy in upper altitudes where Senecio 

dominates. The distribution of C. pseudocune_ata and D. f-ilifol"ilrn1 

in the canopy is exclusively in the Senecio dominated sites while 

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

to the tree-shrub ·interface extending dovm into the forest \, 

quadrats at 1,079m. 

Stratford Canopv S)ecies distributions 

A further comparison of the Tree-Shrub interface data is 

provided by data collected alongside the Stratford Plateau Road 

in 1972 ( See Fig. 27) by the Massey Uni vers Hy Extension Course in 

which the author took part. Data was collected using a point­

cover sampling technique. The twelve sample locations ranged 

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

of 78m and a maximum interval of 152m. Two samples of fifty 

points each a.bout twenty-five paces apart and ·1ocated on a gr·id 

system following the cardinal compass points were collected at 

each altitude listed (See Table 12). The canopy species at each 

point was noted and the data thus recorded was converted to 

percentage point cover for each species encountered. The data 

provides an interesting comparison to that a'lr·eady descr-i bed not 

only in terms of the species distributions described but also 

with regard to the sample size employed, the a1titudina1 interval 



Table 12. 

In ti tude 
in 

Metres 

565.16 

598.67 

640.10 

679.41 

740.04 

802.80 

860.99 

. 931. 37 

1067. 86 

1139 .15 

1279.60 

1431.93 

990.17 
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Location ,md descri2tion of Stratford guadrat data.

Group Number 

Day l Day 2 
-

1 12 1. 

2 11 2. 

3 10 3. 

4 9 4. 

5 8 5. 
. 

6 7 6. 

7 6 7. 

8 5 8. 

9 4 9e 

10 3 10. 

11 2 11. 

� 

12 1 12. 

13 

1 - 12 Average 

Maximum 

Studv Location (= 1 1 station 11 ) 

1,855ft 0
"'

' II road. l!Jork both sides of road. 

1,965ft on road ( 1·,o++ ~' 1.,il sides) 

2 :- lOlft on road u,a-t-r , • .J �• I sides).

2,230ft on road (Cross Tepo(X) Stream 

North side of road, track to swamp 

s ·f de. 

2,429ft-both s ·ides of road. 

Q
V' 
!! 

on 

ff--?��;;,;z,, 

� 

__ ,..,,, 

, .  =n;,,.��' 

2,635ft ('""ad\ IV !/ to 2, 775ft (Mountain House) 

Sampling area between road & Patea R·lver

be·loh1 • Enchanted walk track.
,, -�--�,;,

2,826ft Track from road to Pat.ea River

Cross second stream before starting sampiing. 

3,057ft Bet\\ieen road and Moss's walk. 

3,505ft Sample on South side of road. 

3, 739ft Pl ate au. Samp·1 e on track to Dawson 

Fa 11 s. 
=¥.a 

Curtis ridge track. Near upper 1 imi t of

sub-alpine scrub. 
·---,�

Curtis ridge track - tussock grassland.

3,250ft Near V.t·LF. Station Tree-Shrub

Interface 

/.U ti tudi na ·1 Interval 78.79m 

II ll 152.33m 

Detete 12 Inc'iude 13 . 64-. 95m 

140.45m 
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employed, and their possible effects on data interpretation. The 

altitudir;a·1 interval employed proved hw.clcquate in tvw locations: 

the first in the critical area of the tree-shrub interface at 

approximately 990m (3,250ft) where the major species distributions 

particularly P. halli·i, G. litt:ora.lis, S,e·ia.eaonifolius, and P. colen­

�oi v✓ere unclear� and the second betv:een 1 �279m (4,200ft) and 

1,431m (4,700ft) where the maximum altitudinal interval caused 

inadequate descriptio� of the species distributions at these 

altitudes. As a result of these inadequacies it was decided 

to omit the 1,431m (4,700ft) altitude sample and provide an additional 

sample in the cr'itical area of the tree shrub interface at 990m 

(3,250ft). This data was collected on August 17th 1976 using the 

same sampling techniques as that employed in the 1972 data collection. 

These changes reduced the average altitudinal interval between 

samples to 64rn and the maximum a1titudina·1 ·interval to 140m. The 

species distributions at the tree-shrub interface were clarified 

greatly and a further important canopy species recognised namely 

L. bidwillii which had previously been missed because of the wide

altitudinal interval between samples. Overall, the larger sample 

area, greater sample heterogeneity, and the much wider spaced 

altitudinal interval resulted in a smoothing of the major species 

distributions. Species less common on the other hand tend to have 

tails or limits of their distributions missed by the much wider 

altitudinal interval. In spite of these overall differences in 

sampling method the species distributions depicted on Fig. 27 

coincide well with those of the tree shrub interface data from the 

other ridges and also serve to illustrate the distribution of the 

major species below 760m which is not included in the other 

examples because of the minimal sample 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. W. racemosa continues to dominate up to 802m with 

its maximum representation 66 percent point cover occurring at 

this a 1 t·i tuc:e. M. rami fl o rus fo nns a nri nor component ·in the 

canopy at 598rn and 640m with percentage point covers of 8 and 9 

respectively. · P. hall ii first represented at 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 

first represented at 565m remains subordinate to W. racemosa and 

P. hall ii unU1 931m i·1here it becomes dominant. Its representation

continues to increase to a maximum percentage point cover of 

35 at 990m and then declines being recorded last in the canopy at 

1,067m. P. colensoi and L. bidwillii form minor components of the 

canopy at 990m with percentage point covers of 20 and 10 respectively. 

P. colensoi reaches its maximum representation of 21 percent point

cover at 1,067m where it is dominant. G. littoralis has declined 

to 18 percent point cover wh'ile S. elaea.gnifolius continues to 

increase in importance at 14 percent point cover. By 1,139m 

S.ela.ea.gnifolius is clearly dominant v- rith a percentage point cover 

of 41. Its representation increases a little to 43 percent point 

cover at the final sample location included 1,431m. The distribution 

of H. stricta a relatively minor canopy component parallels that of 

S.elaeagnifolius being first recorded at 931m and reaching its

maximum representation of 13 percent point cover at 1,297m. 

C. pseudocunea�!:� is only represented in the two upper alt�tude

samples with percentage point covers of 12 and 9 respectively. 

The species distributions outlined for Stratford are sirrdlar ·in 

many respects to those described for the tree shrub interface at 



the four other locations. The distribution pattern of P. hallii 

in relation to that of G. littoralis resembles closely that of the 

Lake Dive Ridge Track with G. littoral·is beconring donrinant to 

P. hallii near the actual tree shrub interface and providing a

degree of floristic continuit y frito the shrub donrinated upper 

altitudinal samµ1es. The distr-ibutfon of P,. colensoi ·is simi1ar to 

that at both York Road and Dcl�'fson Fans "iri that it addeves 

maximum representation between the samples dominated by P. hallii 

at lower altitudes and S.elaeaqnifolius at upper altitudes. Field 

observations point to the fact that the distribution pattern of 

L. bidwillii is not adequately described because of the discrete

nature of its distribution pattern and the wide altitudinal interval 

emp 1 oyed in sampling. However� 1 i ke both the Lake D·i ve and North 

Egmont locations L. b·idwi1lii forms a mrnor component in the 

middle altitudes between the tree and shrub dominated samples. 
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The di stri buti on pattern for t�. racemosa in part"icui ar its inter­

action with P. hallii and G. littoralis is complex in the 860m and 

931m samples. A closer altitudinal sampling interval would probably 

clarify the fluctuations apparent in representation at these 

altitudes. The distribution depicted -ls probably the most sfrnilar 

to that of North Egmont where vJ. racernosa rernai ns as an important 

component up to 1,038m as compared with 931m 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 emoloyed probably exaggerates this 

coincidence of species. A degree of floristic continuity is provided 

by the presence of P. hallii and G,. littora.lis in the shrub dominated 

samples and converSe1y b.Y the beginnings of the shrub distributions 



in the G. littoralis dominated sample. Like all the other locations 

physiognomic discontinuity is apparent (although not formally 

recorded) p2irticular1y with regard to the change in growth form 

exh·ibHed by G. littora.lis already described for the four other 

locations. 

The data recorded for the lower altitudes (565m -679m) clearly 

illustrates the relative importance of W. racemosa when compared 
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to D. cupressinum on� cover basis. D. cuoressinum is physiognomic­

ally dominant at these altitudes towering above the other trees at 

heights of up to 30m. A measure such as basal area or volume 

would probably show D. cupressinum as being more important than 

the maximum percent point cover of 10 apparent at 565m however 

in terms of percentage point cover this value is in close 

agreement with Druce 1 s (1964) value for D. cupressinum of one 

eighth of the cover ·in a 1 ti tudes between 550m - 750m on the 

Stratford side of Mt Egmont. 
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Shrub-Tussock Interface 

The shrub-tussock interface is another example of the presence of 

a discontinuity in canopy (top stratum) species ccw,position, 

physiognomy, and structure. Data from 

(North Egmont), and York Road Track Ri 

and 29. Q d ' I ' ,,.. •• 
., 

ua rat aata ror slope angle, 

locations� the Razorback 

is presented in Figs. 28 

gradient 5 aspect, and altitudinal 

range ·is summadzed on Table 13. Cornpar·is_;on of canopy species 

distributions in Figs. 28 and 29 reveals differences in species 

complement, rate of change in dominance from shrub species to 

tussock species with incr�ase in altitude� the relative cover of 

species at comparable altitudes, and the interaction between species. 

Cano stratum) S ecies Distributio�: Razorback. 

The major canopy ( top s tra.tum) sped es represented at the 

Razorback location are S. elaeagnifoliu�, C. pseudocuneata, f. odor�, 

D. f-ilHolfom s H. stricta, and C vauvi'lliQ.r.�_i_. At the two lm·ter

altitude quadrats J)l3m and 1;360m S. elcH:.:o.qnHolius dominates with 

relative cover values of 66 and 55 percent respectively. By 1�9Qm 

Senecio is recorded as present only in the canopy that is less than 

1 percent relative cover. The ct·istributfon of S. elci.eaqnifoliu s ·is 

paralleled by that of C. pseudocuneata and H. stricta both of which 

dee'! h1e fo importance from 1,313m to 1,340m. Field observations points 

to the fact that although last recorded at the t390m quadrat the actual 

upper altitudinal limit of C. pseudocuneat�. ·is some 20 metres above 

this between the upper quadrats. D. filifolium is distributed 

throughout the quadrats reaching its maximum representation 40 percent 

relative cover at lfo2lm amongst the tussock. C. vauvilliersii is also 

distributed throughout the quadrats first as a minor component of 

the shrub canopy but reaching its peak representation of 29 percent 

relative cover at 11390m and then declirl'in�J rapid'ly. C. rubrc1 is 

first recorded at 1,360m, becomes dominant by 1;390m, and aclrieves ' its

maximum representation with a relative cover value of 45 percent at 
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1,421.m. _t:l_:__9_dora_ parallels the Chionochloa distribution at first but 

reaches its maximum relative cover 25m lov1er at 1
1
390m a.nd then 

declines in importance. 

Canopy (top_str2.tyrn)_ S,ecies D·istr·ibution: York Road Track Rid e. 

The major canopy species recorded at the York Road location 

were s. ___ e1aea.gni litJS, C. vauvilliersii, H.odora, 

C. rubra� a.nd P. ·1cH.�vis (see F·ig. 29). S. elaeagnifo'iius dominates

in the lov,1er alti quadrats vJith a maximum relative cover of 55 

percent at JJ6lm. From this altitude it declines in representation 

sharply at first but contii�ues as a very mfriOr component up to 11U6m. 

The distribution of C. pseudocuneata parallels that of S. elaeaqnifolius 

however its maxhnum representa.tion occurs trigher at J/94m and field 

observation showed the upper altitudinal limit to be some 20 metres 

above the last quadrat in which it was recorded. D. filifolium and 

C. vauvilliersii have similar distributions in that they both achieve

maximum representation at J.,.305m of 37 a.nd 26 percent relative cover 

respectively. However, Cassinia is not recorded in the lowest 

altitude quadrat and is still an important canopy component (16 percent 

relative cover) in the upper altitude quadrat whereas Dracor hyllum 

declines to only 3 percent relative cover. C. rubra represented 

throughout the quadrats rapidly increases in representation from 

1_)25m onv,;ards a.nd reaches its ma.xirnum re1at·ive cover of 50 percent

at 1� 16m. P. 1 aevi s is first represented at J.J94m achieving its 

maximum representation of 19 percent at 1f.l6m. H. odora is represented 

throughout the quadrats but achieves its highest relative cover 

values 7 a.nd 9 percent in the tussock dominates quadrats at ½355 and 

1� 16m. 

The rate of change in dominance from shrub species to tussock 

can be measured as the rate of decrease of Senecio in relative cover 

per 30 metres altitude and the rate of increase of Chionoch'loa in 

relative cover per 30 metres altitude. At the Razorback location 
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(1,313-1,390m) S. elaea.anHolius declines in representation at the 

rate of 32 percent relative cover per 30m. Chionochlo�increases in 

representation (1,360-1�21m) at the rate of 22 percent per 30m. In 

contrast the rate of dee 1 i ne in representa tfon for s. e 1 aeB.gni f91 i us_ 

(1,218-lf16rn) at York Road is only 12 percent per 30i,1 c:.nd the rate of 

increase in representation for C:. rubra (1J18-1�16m) is only 11 percent 

per 30m. The rate of change at the Razorback location is much faster 

with an abrupt change from shrub dorni nance to tussock dominance �'iflri le 

at the York Road location there is a more gradual replacement of 

shrub species by tussock. 

In the tree-shrub interface comparisons the explanation of 

Bea.ls (1969) v1as used "in part to explafo dif ferences in rate of changr. 

or degree of discontinuity between "locatfons. The notion of di sjuncti nns 

occurring along the limited horizontal distance afforded by steep 

slopes along altitudinal gradients originally described by Beals (1969) 

in reference to comparative fieldwork carried out in Ethiopia seems 

highly applicable in this case as well. A comparison of the gradients 

and quadrat slope angles for the Razorback and York Road locat'ions 

(see Table 13) clearly shows the major difference 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 

qua.drat 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 in 

al tHude from one quadrat to the next ·is alP 1ost constant. The 

tree-shrub interface comparison also pointed to the fact that aspect 

may influsnce the abruptness of change or degree of discont'Inuity at 

the interface. However, the ridge alignment for the Razorback is 

North East and that of York Road due East and the difference does 



not appear to be great enough to have influenced the pattern 

apparent. 
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A comparison of species interactions on the two ridges reveals 

that in many cases they are similar at the two locations. For 

example: _G_pseudocunt"::ata's d·istribution pcranels that of 

S. elaeagnifolius at both locations and its upper altitudinal limit

is higher than that of�. ela�}-m:,ifolius; and H. odora reaches Hs 

maximum representation amongst the tussock at both locations. There 

are exceptions however and they appear to relate to the differences 

in gradient and slope angle apparent between the two locations. At 

York Road D. filifolium and C. vauvilliersii achieve their peak 

representations betlt1een the Senec_i_g_ domfoated and Ch ionoch 'loa 

dominated quadrats while at the Razorback both achieve their peak 

representation in the tussock dominated quadrats. The limited 

horizontal distance available on the steeper slopes of the Razorback 

seems to bring D. filifolium, C. vauvilliersii, and C. rubra into 

more direct competition. 

As well there are differences in species complement between 

thf� two loca.tions. Hebe stricta forms a minor component in the three 

lower Razorback quadrats but is represented only once in the lowest 

altitude quadrat at York Road. P. laevis is an important component 

in the tussock quadrats at York Road but was recorded in one of the 

Razorback quadrats only. In both instances these differences are 

not major ones as in the case of the tree-shrub interface comparison 

where some canopy species were entirely absent. These differences 

appear to relate more to the altHudinal range of the quadrats 

recorded and the fact that a given altitude at one location is not 

necessarily the environmental eqLrivalent at a.nother locatfon. Thus 

probably on1y the lower limit of the P. laevis distribution at the 

Razorback was sampled. 

The s fo1ilarity index for adjacent quadrats v,;as calculated 
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according to the method of Beals (1969) and also serves to 

illustrate the degree of discontinuity apparent at the shrub tussock 

interface for both locations (see Table 13). The abruptness of 

change from shrub species don."inance to tussock dominance at the 

Razorback location is emphasised by the low similarity index 0.20 

between quadrats 8 and 9 located on the shrub-tussock interface. 

Canopy (top stratum) Physfoqnomy and Structure. 

The discontinuity apparent floristicclly at the shrub-tussock 

interface is further emphasised by an exam·ination of species physioqnuny 

and vegetation structure. /\t the Razorback location ra�id floristic 

change from shrub to tussock quadrats is accompanied by a rapid 

change in maximum canopy height and total cover. The two shrub 

dominated quadrats exhibit the highest maximum canopy 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 lowest total cover values with values 

as low as 75cm and 42 percent. The discontinuity is not clear cut 

in tenTis of maximum canopy height and total cover in that the values 

for each quadrat are successively lower and no real clustering 

of shrub or tussock quadrat values is appa0ent. Further to this 

the use of maximum canopy height tends to give similar values for 

the interface quadrats in that inevitably the maximum 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 dominated by shrub species 

tend to be composed of two major strata, the canopy (top stratum) 

up to 2.75m and the ground cover ·includfog seedl"ings of the canopy 

species. The canopy in fuct occurd es much of the 1. 50 to 2. 75m 

he·ight cl uss and is densely irrten•,;oven and compact. In contrast the 

quadrats above i37Om are composed of less distinct strata in the sense 

that height classes or categorization into strata becomes more 



Table 13. Shrub·-Tussock Interface Quadrat Data 

,.,_ 
- __ .... , ___ « ______ 

Altitude 

Feet I t1ietres 

York Road 

1 4,000 L218 ♦ -66

2 4,410 1,261.32 

3 4 9 250 L294. 83 

4 4 :; 350 l :; 325.30 

5 4. ,450 1,355.76 

6 4,650 1 !) 416.70 

Razorback 

7 4,310 1,313.11 

8 4,465 1,360.33 

9 4,565 1,390.80 

10 4,665 1,421.27 

I I 

(Ridge Alignment) 
Slope Angle 

Aspect 

70 East 

15
° 

7 - 100

7 - 10
0

7 - 12
° 

10 - 12
° 

X 12.00 

25 - 30°
North East 

25 - 30
° 

25 - 27°

22 - 27°

X 26.66°
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Adjacent Quadrat 

Similarity Index 

1/2 0.88 

2/3 0.83 

3/4 0,65 

4/5 0.66 

5/6 0.72 

7/8 0.80 

8/9 0.20 

9/10 0.49 
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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 locations whereas in the quadrats 

exhibiting the tightly interwoven shrub canopy it rarely exceeds 

25 percent 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 canopy cover 

declines gradually. 



140 

York Road Track Ridge Quadrat Classification 

Classification versus Ordination. 

Opinions differ on the use of classification techniques as 

compared to ordination techniques. The differences relate directly 

back to the two traditional viewpoints concerning vegetation 

description and analys·is described already in Chapter 2. Advocates 

of the associat fon unity theory (dis community types) have 

traditiona1·1y ·used classificatory techniques to describe and analyse 

11 natural 11 vegetation groupfrigs whi"le supporters of the continuum 

concept (individualistic hypothesis) invariably used ordination 

techniques.Or
r
!oC'l (1975) 5 fo11m�dng Goodall (1963), McIntosh (1967),

B 1 (] 06°'' ! I' i"I (1 9-·-) I t rl •I t h t ea. S ·-' . .1) ana (,e I t mar. , .L /':J , ;·1a.S S ,reSSE:v. Ina� t .e S ra.tegy

adopted in analysing vegetation data should not be a function of 

rigid assumptions held regarding the characteristics of vegetation 

distributions. 11 0rdinatfon of vegetation data has often been 

mistakenly regarded as the antithesis of its classification. However s

if the vegetation data matrix is visualized as an array with each 

species providing a separate dimension and sites represented by 

points fused according 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-Dombo·is and Ellenberg (1974) that 11 the ordering or 

ordination of species and stands is a. necessary step prior to a.ny 

good floristic classification'' (Mueller-Dombois & Ellenh8rg, 1974, 

212) and by Beals (1963) 11 that cont·lnuum or grad·ient analysis ca.n 

detect di scon tin uiti es in the vegetation :1 whereas a cl ass ifi catory 

system cannot detect discontinuHies". (Beals, 1963� 985). Thus in 
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contradiction to many of the earlier vegetation analyses employing 

either classif-ica.tory or ord'ina.tion 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 nature the vegetation data. 

The approach of this s is that advocated 0r1oci ( 1975) 

in that analysis has been approached without a prior commitment 

to one or another o� the broad vegetation hypotheses. Following on 

from this inspection of the raw data, the similarity matrices 

(Appendices 5, 6 and 7), a,-id graphfog of simi arit y  indices between 

adj a.cent quadra. by the method emp oyed by Beals (1963) revea 1 ed 

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 between quadrats 15 and 

16, quadrats 7 and 8, quadrats 5 and 6 and quadra 2 and 3. These 

discontinuities have already been descr·ibed in part in the tree-shrub 

and shrub-tussock interface results b�t essentially they coincide 

with the change from forest to shrub species in the first case, 

a marked drop in Chionochloa dominance in the second case� a change 

from moss and herbfield species to Chionochloa 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

s inri l arity index) occur between quad rats 9 and 10 and qua drats 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, quadrats 2 and 3 9 the substrate 

change already noted. The qualitative subcanopy, shrub and epiphyte 

data shows a marked discont·lnuity betv,1een quadrats 16 a.nd 17 v1hich ·is 

related to species diversity and a change from P. hallii to P. colora.ta. 

in the shrub and subcanopy strata. It must be emphasised that the 
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discontinuity exhibited by this graphing of similarHy indices does 

not shmv the complete extent of discontinuity or clustering of the 

data. The s·fnrilarit y  matrix for quantitative canopy data (Appendix 4) 

is probably the most extreme example in which clusters of similar 

qua ts bounded by indices of zero (no species in common) are 

apparent by s'imp1e observation. 

The spec_Hic sim'ilarity indices used in this study are: 

L Sorensen 1 s ( 1948) s ·imil arity 'index for qua.l itati ve compar·i son 

(presence of species) 

IS
S 

·- 2c X 100 
- a+b 

where c = the number of species common

to two quadrats; a = the total number of species in quadrat a, 

and b = the total number of species in quadrat b. 

2. The Bray-Curtis (1957) quantHati ve modifi catfon of Sorensen I s

(1948) similarity index based on relative values (importance value)

where �MvJ is the sum of the smaller 

quantitative values of species comnon to both stands. 

Mueller-Dombois and Ellenberg (1974) and Whittaker (1973) both 

discuss the advantages and disadvantages of the various similarity 

indices. "However, one cannot conclude automatically that one simi1ar•ity 

index is superior to another. The value of an index depends on the 

properties that one intends to emphasise. It is important, however, 

that one i.s aware of the diagnostic capacity of a given index. 11 

(Mueller-Dombois & Ellenberg, 1974, 222). For the present study it 

was considered important that the canopy at least should be compared on 

a quantitative basis to give a more complete description of quadrat 

similarity ) that is not only in terms of species presence but also 

the amount of each species present. The fact that the data collected 

for ground cover, subcanopy, shrubs and epiphytes emphasised species 

presence made the qualitative similarity index more suitable. Ease 

of calculation and the widespread use of Sorensen 1 s similarity index 



thus enabling greater comparability of results were considered 

advantages in favour of this choice of similarity index. 

The Choice of a Classification Techniqu�. 

144 

The specific classification technique used in the present study 

is the average linkage clustering technique of Sokal and Michener 

(1958) descf'ibed by both Mueller-Dornbois & Ellenberg (1974) and 

Orloci (1975). It is 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 sinrilarities into broader gr0ups). The 
,\ 

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 cons"iclered 

important that the classification was rolythetic, that is groupings 

were distinguished on the basis of as many species as possible 

(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 choice of either an ordination 

or a classification technique for analysis necessarily channels the 

emphasis of the analysis towards e'ither a d·iscrete community 

interpretation or a continuum interpretation so that the natural 

d·iscontinuit y  evident in the data may bE.� further emphas·ised by the 

classification strategy adopted. 

Canopy Qu�ntitative Classification. 

A classification of the 20 canopy samples for the York Road 

Track Ridge is summarised on Figure 31 a dendrogram resulting from 

the average linkage clustering procedure of Sokal and Michener (1958) 

and described by Mueller-Dombois and Ellenberg (1974) (see Appendix 5). 

The discontinuities ir1 the data are further emphasised by the 

resulting classification and at the 50 percent level of similarity 
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Tab1e 14. York Road Track Ridge Canopy Quantitative Classification 

Shrri 1 a rity Leve 1 50 rc2nt 

Quadrat Groups� Dominant Species> !•lean Importance Value� 0.nd Mean Altitude 

Species Mean 
---------t·---·------·-·----+-------:1� 

/\l ti tude 

Groun 1 80.78 

Rha 29.96 

Fostera bidwillii var. 

densifolia 17.68 1,770.66m 
i-,----------1-----e---·-···-··-------·-··-··�--"----�--.. -·-·-··---...:-•-·-··------·�·�--

Quadrat 2 

Group lb 

Qua.drat 5 

Poa. co1ensoi 

Epi1 ob'ium sp, 

Copros1fa3. purni 1 a. 

Rhacomitrium spp. 

Poa coknso·i 

147.60 

28.56 

19.04 

64.48 

53c 68 

14.34 

1J97m 

1,584-m 
--------�,i.-�--"-·��--------·--•"<'�..i..-....---��---------------

Group 2 

Quadra. ts 6 � 7 

Group 3a 

Quadrats 8�9,10 

Groun 3b 

Quadrats 11 ) 12, 

13,14,15 

Group 4 

Quadrats 16 !i 17 � 

18,19 

Group 4a 

Quadrat 20 

Rhacornitr·i um spp. 

Celmisia glandulosa 

Ani sotorne aromat·l ca. 

Chionochloa rubra 

Cassinia vauvilliersii 

Dracophyllum filifolium 

Senecio elaeagnifolius 

Dracophyllum filifolium 

Coprosma pseudocuneata 

Podocarpus hallii 

Griselinia littoralis 

Weinmannia racemosa* 

in 18,19 only! 

Podocarpus hallii 

P. colorata

Coprosma sp. (unnamed)

21. 35

13.42

13.53

70.13 

38.69 

40.76 

83. 04-

24. 82

29.91

64.56 

51.86 

30. 72

114. 45

59.95

12.15

I�365.33m 

1,207.20m 

9B5.50m 

959m 
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Table 15. York Road Track Ridge Canopy Quantitative Classification 

Similarity Level 40 percent 

Quadrat Groups, Dominant Species, Mean Importance Value !) and Mean Altitude 

Group 1 

Q ·a drats l !13 s4 s5 

Groue la 

Qua.drat 2 

Group 2 

Qua.drc1ts 6,7 

Group 3 

Qua.drats 8 !1 9 5 10 !1 11, 

12 .13. 14.15 

Grou,2__± 

Quad.rats 16s17 $18!1

19 s 

20 Regeneration 

Samp·!e 

Species 

Poa co1ensoi 

R!v\com'itri um sp. 

SAME 

SAME 

P5 

AS 

Senecio elaeagnifolius 

Chionochloa rubra 

D. f"i 1 i fo 1 i um

SAME AS 

I 

I 

Mean 
Mean I.V. Altitude 

47.56 

41.82 

LEVEL 

LEVEL 

40.38 

31. 31

30.80 

LEVEL 

1,677.33 

50% 
t 

I 
50% 

l,286.26m 

50�1a 
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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. 

Insr-:ection of the dendrogram at 40 percent similarHy shows on·ly 

five remaining groups as opposed to seven at 50 percent similarity. 

The groups apparent are formed by the fusion of quadrats 1, 3� 4 9 5, 

quadrats 6 and 7� quadrats 8-15, quadrats 16-20 s while quadrat 2 

remains separate. At 30 percent sinri1arity only three groupings 

are apparent, quadrats 1-7, quadra.ts 8-15, and quadrats 16-20. 

By the 20 percent similarity level only tvm groups remain, quadra.ts 

1-7 and quadrats 8�20. All the quadrats are fused to form a single

group at 13 percent similarity. This class'ification is ecologically 

meaningful in the sense that in a theoretical situation where 

altitude was the prime gradient and discontinuities w�re apparent 

in the data it would �e expected that quadrats adjacent or near to 

each other wou'ld exh·ibit greater s·imilarit y in their quantitative 

vegetation composition. As the distance between quadrats 

increased similarity vJould decrease. This is certafoly the case 

for the York Road Track Ridge data with only minor exceptions at the 

50 percent level of similarity. The classification also provides a 

more object·lve busis for recognising community types 3 zones, or 

associations than intuitive categorization or observation. Once 

chosen a simi"larit y  level is used systema.tically to give the �1roupings 

recognised titles on the basis of the three quantitatively dominant 

species. Altitudinal limits and the mean altitude for the group·ings 

recognised at sinrila.rHy level 50 percent appear on Figure 32 a.nd 

Table 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 resulting from a comparison of the ground co�er 

qua.drats 1 to 19 on the basis of floristic similarity (see Appendix 6) 

is s ummM··l 7�ed on the dendrogra.m Figure 34 and Figures 35 and 36 

which indicate the altitudinal boundaries of the classification. 

The dendn)�Jra.rn wc1s constructed using the average linkage clustering 

of Soka 1 and Michener ( 1958) and the s imi 1 a.rity index used v✓as 

Sorensen 1 s qualitative similarity index which has already been 

described. 

At the 50 percent level of similarity six groups are apparent: 

the first consisting of quadrat 2 by itself; the second consisting 

of quadrats 1, 3 and 4; the third consisting of quadrats 5-9; the 

fourth of quadrats 10 and 11; the fifth of quadrats 12-14; and the 

sixth of quadrats 15-19. 

The 40 percent levei of s·inrilarity has only four 9roupings: 

quadrat 2 remains separate; quadrats 1 and 3-9 fuse to form the 

second group; quac!rats 10-14 fuse to form the third group; and 

quadrats 15-19 remain as the fourth group. 

The important species in each of the groupings ident'if·ied at 

the 50 and 4-0 percent leve·1s of simnarity a.re summarised fo Tables 

ll, and 17. Important species in this case means species common .to 

all the quadrats fused into 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 similarity reveals only two groupings, 

the first formed by the fusing of quadrats 1-9 and the second by the 

fusing of quadrats 10-19. Finany at t+ percent s'irnilarity all the 

quadrats fuse to form a single group. 

Like the classification obtained for the canopy (top stratum) 

s.pecies the pdme grad'ient reflected is that of altitude vrlth qua.drats 
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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 trl gher al tHude qua.drats in \AJhi ch the ground cover and 

canopy (top stratum) categories are one and the same but for the 

middle and lower altitude quadrats there are several explanations. 

Group lb, composed of quadrats 5-9 does not coin�ide well with the 

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 lower altitudes are ecologically 

meaningful in the sense that they parallel approximately the 

groupings obtained in the canopy (top stratum) classification and 

there appear to be good reasons for this. The Podocarpus-Griselinia­

Weinmannia canopy grouping identified between 897m and lp87m has its 

equiv�lent in the ground cover stratum between 897m and \145m in 

which important species include A. nervosa, P. colorata, B. fluviatil�, 

Cardam"ine sp., Uncfoia spp., a.nd P. vestitum. Although not common 

to all quadrats most quadrats exhibit a range 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 compos Hion because it imposes 

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 

di fferent'ly to the Seneci o-Dracoohyl l um-Coprosma canopy and the ground 

cover composition would to some extent parallel that of the canopy. 

The Seneci o-Dra.cop_hyl l um-Coprosma canopy grouping i den ti fi ed betv.Jeen 

1,100111 and 1.J25m has its equivalent in the ground cover stratum betv✓een 

1,100m a.nd 1,250m -In which important ground cover species include 
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D. filifolium, G. littoralis, Coprosma sp.{unnamed), A. nervos�,

B. uq2_en�.§_ !t and Uncinia sp. The presence of seedlings of the

canopy species in the ground cover stratum particularly D. filifolium 

and _Ceprosma spp. appears in part to account for the co-incidence of 

the groupings identified in each of the classifications. The 

different conditions imposed on the ground cover stratum by the 

Senecfo-Dracophyll um-Coprosma. canopy may al so contr·ibute to this 

coincidence of groupings. 

In summary the groupings identified at the level 50 percent 

similarity for the ground cover stratum are: 

L Group 1 consisting of quadrats 1,3, and 4 an upper altitude 

groupin9 of P. colensoi, Rhacomitrium spp. and a range of 

smaller herb species. Dominant species are Poa colensoi and 

Rhacom·i tri um spp. 

2. Group la consisting 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 to a different species

composition. The dominant species ·is Helichrysum sp.(unnamed).

30 _9roup lb consist:ing of quadrats 5 to 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

_f�ylni l_�_.

4. 

5. 

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 ma.croph,Y11q_, Coprosma depressa,

Astelia nervosa and Blechnum capense. Blechnum capense is the

dominant species.

Group 2b consisting of quadrats 12 to 14 a middle 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 sp9cies. 

Group 3 consi ting of qu2.dr2ts 15 to 19 a lov1er altitude group 

with a grea. ter r,rn ge of fo rns in the ground cover and the 

dominant species being P._coforata. 

Sub canopy, Sh rubs a.n d E pi phyi 1<, __ r:ua l i _!t.-i:. ·r \'C_ Cl ass i fi cation. 

A classification resulting from a similarity matrix (see 

Appendix 7) comparing quadrats lG-20 on the basis of species present 

(floristic simila.rHy) in the catc�gories suhca.nopy,. sln·ubs and 

ep i phytes is s umma r-i sed on the dcndrogram ( Figure 37). The dendrogram 

was constr'ucted using the aver?.gc 1 inkag2 c·i usterit g method of Sokal 

and Michener (1958) and the similarity index used was Sorensen's 

qualitative similarity index �hich has already been described. 

At the 50 percent level of similarHy four groups are apparent; 

the first consisting of quadrats 15 and 16, the second consisting of 

quadrats 17 and 18, the third the single quadrat 19, and the fourth 

the single quadrat 20. Inspect·on at the 40 percent level of 

similarity revc:als on·ly two groupings; the first of quadrats 15 a.nd 

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 iri the groups is summarised 

in Tables 18 and 19 and enables clarification and explanation of the 

resulting classification. 

Important species in this case means those species present in 

all the quadrats fused to form a single group. Thus in Group 1, formed 

by the fus·ing of quadrats 15 and 16 at 50 percent s"irnilarity, three 

subcanopy species P. hallii, P. colorata� and C. australis are found 

in both quadrats. It is the number of species common to both quadrats 

v,Jh'ich deterrrrines the degree of c:-im"ll arity betv1een them. Inspection of 

the rav.; dat.J.� the summarised data, a.nd the resulting classHication 

at 1 eve l 50 percent s ·i mil a rity and l eve 1 40 percent similarity 

reveals a discontinuity in the distribution of the subcanopy, shrub_ 
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Table 16. York Road Track Ridge Ground Cover Qualitative Classification 

.similarHy Level 50 percent
t============::::=: 

Quadrat Groups, Species Present, Dominant Species and Mean Altitude 

Species in 
Common 

·1 

Dominant Species 
( 25% Relative Cover) 

Mean 
Altitude 

i--------4-----------+----------r--------t 

Group 1 

Quadrats 1�3,4 

Group 1.a 

Quadrat 2 

Group lb 

Quadrats 5 6, 
7,8 ,. 9 

Group 2a 

Quadrats 10�11 

Group 2b 

Group 3 

Quadrats 15 � 16 
l7 s l8 

p 1 us 19 regen­
eration. 

Poa cofonsoi 
Rhacondtrium spp. 
Anisotome aromatic 
Fors te ta bi d\'✓ i n i ·i 
Gaul theri asp.unnamed 
Drapetes dieffenbachii 
Co1obanthus sp. 
Celrnisia grad1enta var. 

Poa co1ensoi 
Rhacomitrium spp. 

l,770.66m 

He 1 i chrys um sp. unnamed He 1 i chrys um sp • unna��d j 
Poa colensoi 
Ep"il obi urn sp. 
Monti a sp. 1, 797m 

Poa colensoi Coprosma pumila 
Luzula sp. 
Anistorne arornatica 
Forstera bidwilli 
Gaultheriasp.unnamed 
Celmisia grac)lenta var. 
Coprosma pumil a 
Celmisia glandulosa 

Anisotome aromatica Blechnum capense I 
Gaultheri a depressa As tel ia sp.unnamed 
Ce 1 mis i a gracilenta var. 
Ouri s i a macroph,y'! 1 a 
Uncinia sp. 
Coprosma depressa 
Dracophyl 1 um fi ·1 ·1 fa 1 i urn 
Myrs ine di vari cata 
Aste 1 i a sp • unname 
Blechnum capense 
Muehlenbeckia australis 

! 
I 

Dracophyllum fil·ifolium Astelia sp.unnamed 
Griselinia littoralis Blechnum capense 

I
Cop rosrna � • unna 
Astelia p.unn mea 
Blechnum capense 

Uncinia sp. _ Pseudowintera colorata 
Astelia sp.unnamed 
Polystichum vestitum 
Blechnum fluviatile 
Cardamine sp. 
Pseuctowintera colorata 
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-------�----�----�--------------------

Table 17. York Road Track Ridge Ground Caver Quantitative Classi.ckation

Qua.drat Groups Species ·in Corn:,10:1 

Grouo 1 Paa colrnsoi 

Quadrats l,3i4 Forstera sp. 

S�(j.J,8� 9 !i An·lsotuw� arom2,tica 

Ga.u·lther·iu sp.unna�

Group la 

Quadrat 2 

Celmisia gracile�ta va�j 

As above 

Group 2 Drachophyllum filifolium 

Quad.rats 10 � 11 '.• Aste 1 i a sp. unnamed 

Blechnum c<1pense 

Uni c i 1ri a s p . 

l--�-----4----------------------------� 

As above 

"---------------------------------�---· 
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Figure 3'7 
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and epiphyte species. The sepJration of quu rats 15 and 16 from 

quadrats 17-20 at level 40 percent sinrih�.r·ity appears to be related 

to species diversity and the ausence of . shru:J layer fo the former 

quadrats. The h1�her altitude quadrats 1G 2nd 16 at 1143m and 1176m 

respectively exhibit many fewer species in the categcries defined 

and in fact no shrub stratum could be distinguished in either. 
nu:nber of 

The discontfouity then ·Is pri1:1a.r-ily one of speci�s rresent vJith 

the lower altitudC:> quadrats exh' ibit ing 3. inu.ch s1rea.ter ra.nge of 

species particularly 'in the ep·1pf1yte cat.cqaty. This discontinuHy 

is further ernµhasised by the foe'" that l�_::_.Jlc'i"l"lii is an i111portant 

component in the subcanopy of quadrats 15 and �6 but in quadrats 

17-20 P. colorata is dominant. The altHudfoal distributions of the

quadrat groups recognised at 50 p�rcent and 40 percent similarity 

levels are depicted on Figures 38 and 39. 

The comparison of the canopy and ground cover classifications 

already described revealed similarities in the quadrat groupings 

ident{fied and their altitudinal limits. This does not appear to be 

the case for this c·la.ssificatfon in that the groupings revealed at th(� 

50 percent level of similarity betv-1een qua.drats 16 and 17 and between 

quadrats 18 and 19 do not coincide with the groupings obtained in the 

other two cla.ssificatfons. Inspection of Figure 30 dep"icting the 

simi'larity 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 Ybrk Road Trnck Ridge are compared 

the groupings obtained in any given vegetation stratum do not 

necessarily apply to the other vegetation strata. 
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Table 18. York Road Track Ridge Subcanopy J Shrubs and Epiphytes 

Similarity Level 50 percent 

Quadrat Groups, Toti:\. l Nun;hPv- of Species, Important Species 

Grcup 1. 

Quadrats 15,16 

Group 2. 

Quadrats 17,18 

Group 3. 

Qua.drat 19 

Group 4. 

26 

27 

7 

P. ha 11 ii

P colorata

C. 0.ustralis

p 

C. 

M. 
D 
. 

P. 

C. 

C. 

P. 

co"!orata 

tenLri fo 1 i a 

d·i var-i cata 
. .. 

s1rnpIex 

colorata 

tenuifolia 

serra.tus 

col orctta 

D colorata j . 

C. tenuH0·1 ia

Coprosma. sp.
(unnamed) 

p. colorata

C. tenuifol ia

P. colorata

C. tenu·ffol·ia

Hymenophyllum sp. 

Gramnri ti ssp-

H_ymenophyl 1 urn sp. 

/11. fl acci dum 

Rubus sp. 

Hymenoph_yl 1 um sp. 

A. fl acci dum

Rubus SPo

Clematis sp.

M. diversifol·lum

Hymenophyllum sp. 

A.. fl acci dum 

Rubus sp. 



Table 19. York Road Track Ridge Subcanopy, Shrubs and Epiphytes 

Quadra.t Gro � Tcta.1 NL::-riber of Species :- Important Species 

----------T-Tr-yt-:a-·. -Nt-') .-�---·--·-· 

Important Species 

Shrubs I <::p9 c es Subc,�nopy 
Grmlll 1. -�

�---� Epiphytes 
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Quadrats 15 EJ 16J Sarne as Sim'ilar' ity Level 50 percent ·r-"-
-----�-·+

1. 
___ -------+--------� 

Quad rats 40 P. colorata P. co 1 orata Hyrnenoph/11 um sp.
C. tenuifolia A. flaccidum 

Rubus sp. 



Chapter 7 

DISCUSS ION 

Just 2s the purpose of this study VJas t\vofold, so it logically 

follows that the conclusions fall into two main categories. Firstly 

the descr·lptfon and analys·is of the vegetation of Mt E9mont must be 

compared dir ectly vJith the research already described in Chapter 1 in 

otder to confirm or refute the accepted notfons of vegetation 

distributi0n and zonation on Mt. Egmont Secondly, and perhaps more 

importantly, the results and analysis of this study must be compared 

with those of other direct gradient analyses both within New Zealand 

mid O'Jerseas. T!ris vvi"ll be attempted on two levels. At one level a 

comparison with regard to the more descriptive aspects, for example 

species composition� vegetation pattern and distribution !> the 11 tree-

l ine"a.nd species al titudina.1 limits, the conclusions reached in each 

case with regard to the continuum and discrete communit y (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 

manipulation in order to determine whether or not the conclusions 

obt2in ed in ca.ch study are comparable and wheth0r or not they rela.t2 

in any Wcty to these theoretica·1 cons·idera.tions. 

Finally an attempt will be made to amalgamate the contributions 

of this study \·rlth re�1ard to the descr·lption of the-vegetation of 

Mt Egrnont, tfw clescdption of other direct grad·ient analyses nnd 

their theoretical considerations� and to propose a tentative 

resolution of the continuum-discrete community controversy in terms 
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of v1hich of \-/hittakers (1970) hy1 1oth:::SPS (listed in the introduction) 

appear tenclble for the Mt Egrno1�-� vcgetution data. 

All of the research lit er2,turc on Mt. Egmont 1 s vegetation 

supports the view that the vegetation occurs in distinct zones or 

community ty1,es a lthou�1h in some ·1 ns tan ces ( SdMei n furth ( 1962) , 

Coe kayne (J.92 7) , and Dr uce (1 % 11)) tf, is b(_J ·i 2f is qua 1 ifi ed by 

reference t) transitio� �ones or continuous variation from one 

vegetation type to c1notl"1er. Dn 1 u.:: ( 196l�-) ernp!nsises the con_tinuity 

of the ve�1etat:ion more l':'a.n any o·F the other v1ork l":!rs. The results 

and analys·ls of the pr:::-)ent stL(cly suppur-t the viev✓ that distinct 

vegetation zones do occur, tha. ·is natural �1roupings of species 

s 11 ctr i n g s i m n a. r a ·1 ti tu d. fo a ·1 di s tr ·i bud on: and d ·i st "inc t fr om other 

such groups. The bound3ries of these vegeL:ttion zones are defined 

florist'ica·11y !/ physiognorrdca11y s and structura'!ly by discontinuit ·ies 

in the veget2.tfon, in p2.rticular those occurrhig at the tree-shrub 

interface. However other discontinuities 9 for example the upper­

lower altitude forest interface, are just as great, floristically at 

least. This study differs from others described in that the 

vegetation zones recognised and their altitudinal limits have a 

quantit at ·; ve und objective basis. The vegetation zones recognised 

in this study are of equal relative stc.tus (they conta.in sites vdth 

at least 50 percent quantitative s·imilarity) a.nd they have been 

delimited according to an objective procedure in the sense that 

although a s"lr nilarity level is chosen arbitrarily� once chosen it 

has been used throughout enabling direct comparisons to be made of 

data from different sites and with any future data collected. In 

The research work reviewed the zonation pattern delimited is based 

more on observa t fon arid n ·intuitive ca· ,egori s2:··, ion of the vegetation 

(except Drucc (19G4) who gives severalquantitativevalues). 

The quantitative classification provided by the present study 

for the York Road Track Ridge and the ·\ nterface analyses genera 11 y 
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support the zonation patterns descr1bed by previous workers in 

terms of species dominance but with minor differences in the 

altitudinal limits. There are however several important conflicting 

poin�s of comparison. One major difference is the number of zones 

delimited for compnrable areas and this probably results from the 

use of qu�ntitative methods in thut the zones identified in this 

study c-atisfy the criteria of equal status (equal internal 

homogeneity). Thus �here Cockayne (1928), Mason (1951), Wilson (1961) 

and Druce (1964) simply list zones such as Herbfield or Fellfield, 

the quant'ltative classific;}tion recognises several categor-ies which 

belong \•1/it hin the general title Herbf·ield or Fellfield and yet 

which hQVE equal status with zones at lower altitudes. The inclusion 

of L. bidw-Hli'i by Mason (1951) and t;Jilson (1961) in the sub­

antarctic and cold temperate zones respectively �ppears to be an 

overgeneralisation, particularly with reference to the tree-shrub 

interface data which clearly shows that the Libocedrus distribution 

is too scattered and complex to be grouped into such a zonation 

pattern. Libocedrus appears to distrtbute both as part of the upper 

altitude forest canopy in locatfons such as Lake 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 reptesented 'in the Dawson Fal 1 s canopy. Thus Cockayne I s 

(1928) approach of describing actual associations from within a 

generalized zone, for example Stratford .Mountain House in which 

Ubocedrus forms a part, appears to be more realistic than includ'ing 

Libocedrus in a generalized zone. Unless this approach is adopted 

Libocedrus ·is grouped v- rith species such as W. racemosa with \�hich it 

very rarely associates. Schv✓einfurth's (1962� 7) note, confirmed 

by J. Hennessr�y, that L"ibocedrus is absent .fro1r the mountain forest 

above Dav.1son Falls is incorrect. A comparison of the quantitati 1e 

values report�d by Druce (1964) for the Stratford side of Mt. Egmont 



shows a good deal of agreement with ·a Wcinmannia maximum value of 

67 percentage point cover at 2,6�5 ft (802.80m) compared to Druce's 

66 percent cover at 2,750 ft (837.83m). The Senec·o maximum value 

f 45 
· · t · Ll 200 f · ( 1°-;0 6r' ) · 1 d o per c en -i::a. g e po in co v e r a -c � , . � 1 

• -c ✓-- :_J • • Jrn 1 s ow com pa re . 

to Druce' s 66 percent cover at 4, (100 ft (lJ HL C6m). Druce I s point 

about \·Jc�"lnni3.nni a ,,.nd th� other sr.iH.l ·1 C:!I' trees nvs_king up the rnajori ty 

of cover in t'·ie lov1er o.lt ·itude for-2:,t i-rith Dcrryd-Jur.1 fornring only 
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a small proportion of the cover (one e::ighth alon9 vJit h  !\-�etrosideros) 

is also we'll supported wit h  \·!ehrn1o11rdo._ alone achieving 50 percentage 

point cover at 2,100 ft (G39.80rn) in comparison to the 5 percentage 

point cover of Dacrydium. The obvious interrelatio�ship between 

P. hallii and G. littora'l'ls in the upper altit ude forest is not

mentioned in &ny of the literature reviewed and deserves more 

deta'ii(-ld investigat'ion. In the majority of locations described 

G. littorali� appears to begin life as an epiphyte on P. hall ii�

eventually growing up into the canopy. 

A most important difftrence in interpretation between this 

study and others,is the recognition that while there is obvious 

vegetation discontinuity
j
it is clear cu� 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 

discontinuHy 'in v:h;ch the vegetation zones are \vell defined vJit h 

change from one zone to another occurring within an increase of 30M 

altitude. The York Road shrub-tussock interface represents the 

extreme of cont"lnuity, so that if the 40 percent level of similarHy 

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 spGcies dominance through altitude gives the vegetation 

a large measure of continuity without any sudden changes. This is not 

supported at locations like Lake Dive and Razorback where change of 
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dominants and subdominants is rapid. It is this interaction of 

dominant and subdominant species, and the rate of change in vegetation 

cornpos"ition, \.vhich is critical in such an interpretation. If the 

dominan_t and subciominant species shov-1 a deal of coincidence in altitudina1 

1 imits (at the disjunction), and change from one dominant to another 

is rapid, there is little vegetation continuity. If, however ) as is 

the case at the York Road shrub-tussock interface, the change from 

one dominant to another is gradual s and the degree of overlap in 

species distributions of both dominant and subdominants is much greater� 

there is a large measure of vegetation cont"inuity. This cont'inuity 

or discontinuity may be physiognomic and structural as well as 

floristic and in this respect Schweinfurth (1962) is perhaps the only 

previous worker to stress the point sufficiently. In addition, 

depending on whether the zonation pattern employed is floristically 

based only or physiognornically, floristically, and structurally based, 

the zones recognised may be different, for as noted previously, in 

the tree-shrub interface G. littoralis gives a degree of floristic 

continuity but changes in growth form. 

All the previous literature discusses zonation on Egmont 

mainly in terms of the canopy stratum, although·Cockayne (1928) and 

Druce (1964-) do provide some species lists of the other vegetation 

strata. The implication is that a zonation pattern based 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 location, if a given similarity level 

is accepted for all vegetation categories, the zones identified are 

not identic&l in terms of altitudinal limits or extent. They are 

simil ar for ground cover and canopy but very dHferent for the other 

vegetat-Jon categories. Thus 'it does not necessarily follow tha.t 

discontinuities in other vegetation strata will coincide with the 
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canopy enabling a zonation scheme to emcompass the total vegetation 

p ttern. 

To summarise� the description and analysis of this vegetation 

data collecteG at various locations on Mt. Egmont permits a 

r-=:fine1i:0nt of the accepted notions of vegetation zonation. This is 

b;:=:sccl on qtw.ntitat"ive data, flor·istic, phys"iognomic and structur·al, 

2nd this is not subject to the errors of judgment that may arise 

thr0t:gh oL3t�rvation of the vegetation pattern a1one. The vegetation 

of Mt. Eg�ont for the most part exhibits discontinuities. These are 

critical points along the altitudinal gradient at which major changes, 

floristic, physiognomic� and structural ;; take place. This tendency 

towards discontinuity enables a classifkatory strategy to be 

fo 11 ov✓t.:d and vegetation zones or coinrnun ity types de 1 i rnited at specific 

similarity levels giving dominant species and altitudinal limits. 

The zonat�on pa�tern thus obtained supports the accepted notions of 

zona.tion al though altitudinal l ·imits � dominant"\pecies, and the number 

of zones delimited varies to some extent. The data suggests that it 

is more r�alistic to recognise that the degree of d·iscontinuity varies 

from ridge to ridge, as does species complement, and that the 

tendency towards zonation is therefore more clear cut at some 

locations than others. In view of this and the variation in species 

complement, Extending a zonation pattern further than two or so very 

similar ridges causes such overgeneralization 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 comolement and relative 

species composit ion amongst the five locations on Mt. Egmont examined 

appears to result from the pa.st history of disturbance (including 

volcanic act·ivity and animal _effects), differences in slope and a.spect, 



general climatic and substrate differences, and the probabilistic 

element of species distribution. The fact that quantitative species 

composition has been determined for sites which can be accurately 

located presents possibilities of future application of the data to 

remote sensfog techniques and cubser:u.ent 1arge scale vegetation 

mapping. 

Sch1.r,1einfurth's (1962) comment that E'1mon·t shou·ld be considered 

in terms of the nw.jor variatfons in vegetatio n pattern latitudinally 

has al ready been noted h1 Chapter 2. The re.;)ul ts of tr1e present 

study may be compared with those of the other direct gradient 

analyses froni NevJ Zealand and overseas cited in Chapter- 3. Fig.3, 

a location ma.p of the NevJ Zea.land gradient analyses, gives the 

approximate latitude of each of the study locations ranging from 

Mt. Anglern 4G
0
43 1 S to Mt. Egmont 39° 17 1 S, a difference of some 7°

latHude. The 11 tree�·line 11 has ahtays been considered as a prime 

indicator of the different environmental conditions prevailing at 

any given location although its definition is often not clear cut. 

Us"ing the definition already employed 'in this study, that is the 

al t "itude a.t v1h·ich a change in grovJth form from the predominantly 

tree-like grov1th habit to the shrub growth habit occurs, tne 

dHferences in tree-line for the relevant studies are sun:marised 

in Table 20 and Figure 40. 

This data illustrates the generally accepted trend of the 

tree-line occurring at lower altitudes the higher the latitude. 

Thus at Mt. Anglem the tree-line occurs at only 640m while on 

Mt. Egmont at approximately 1, 100m .. The quantitative data on 

species composition collected in this study enables not only a 

simple comparison of tree-line,but rather an overall comparison of 

the performanc0 of major canopy species common to the locations 

revievJed. (See F·igure t.i-1). The fact that Egmont lacks 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 Ana 12'.'ses: CoirnB. ri son of Tree Une. 
__ _j_ · ----

Location Latitude f\ 1 t. ·i tudr. 
Metres F e:et 

----�-·

Mt. Egrnont 39° 17 1 S 1�100 3,GOO 

Mt. Colenso 39°4/' IS L,279 4 ) 200 

Hol lyford V0."!ley 44
°

30 1 S 990 1�250 

Lake Hankinson 45
° 2 1 s 914 3,000 

Secretary Is"!cmd 45°1Grs 898 2,%0 

Mt. Anglem 46°43 1 S 6L!.Q 2 .100 
--

are an important component of the veget�tion. This enables close 

exarninatfon of the perfc,rmance and ' interact-ion of impcrtant canopy 

species su ... h as G. littora.·lis :. i�. _racernosa � L. bidvri11ii, and P._hall i·i_ 

in the absence of _No tho fa ]JJS. It al so enables a. quc. nt itat ·1 VP. 

comparison of the tussock, herbfield, and fellfield communit-ies which 

on Egmont are also lacking ' in a. range of the so called 11 n1ounta.'in 11

species. The absence of Nothofagus on f•;t. 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-line. In the studies reviewed, where Nothofagus is present it 

tends to dominate and reduces other specfos such as G. littoralis and 

P. hallii to minor components of the canopy only.

On Mt. Colenso for example (Ogden, 1971), G. littoralis 

consistently rerna'ins subordinate to N. fusca reaching a maximum 

importance value (Relative Frequency p'lus Relative Basal Area) of 

53 at 3,650 ft (1,112m) the hiqhest altitude at which it was 

quantitat·lve·ly recorded. Its altitudin ;:�l distributfon is the"efore 

s·im'ilar to tha.t on Mt. Egniont a.nd it prnvides a degree of floristic 

cont·inuit y  from the NothofcJ9us dominated Stand 3 (3,250 ft 990rp) to 

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. littoral is is not closely associated with P. hallii which 

is recorded once only with an importance value of 4 at 2,750 ft (837 s ). 

P. colorat�, an important understorey tree on Mt. Colenso, has a 

similar role on the York Road Track R·idge of Mt Egmont but its upper­

altitudinal limH is some 400 ft (121m) higher on Mt Egi:·,cmt. 

The Hol"Iyford Valley and Secrett1ry Island gradient analyses beth 

provide data enabling comparison of the disttibutfon of H. ract:nnsa. 

In both locations Weinmannia is the major component of a lower 

altitude forest in which it progressively gives way to N. menziesii 

vJith increasing altitude. /J,s \\lould be expected �Je"inrrarn ia 1 s upper 

altitudinal limit is much lower in these South Island locations 

than on Mt Egmont
,.
where instead of giving v.:ay to Nothofa.�rns )it ·is 

P. hallii and G. littoralis which assume dominance. The distribution

of P. ha 11 n at the Sec re ta ry Is ·1 and 1 ocati on is a 1 so different to 

that on Mt E g rno n t , not on l y i n alt Hu di n a. l l ·i m H s
.,. 
but a 1 so i n the 

way in which it tends to overshadow the Weinmannia distribution at 

its upper alt"itude > but never acli-i0vh1g dominance 'in its ovm right as 

it does on Mt Egmont. The greater competitive ability of Nothofaqus 

may prevent this a.t Secretary Island whereas on Mt Egrnont such 

competition does not exist. The Mt Anglem study also provides 

comparable data on the distribution of W. racemosa, D. cupressinum. 

G. littoral·is_, a.nd P. ha"llii and further to this, Nothofagus is

absent as is the case on Mt Egrnont. 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. cupress"inurn inte\"act in a similar ma.nner to that recorded in the

Stratford side of Mt Egmont, but again, P. hall'ii never achieves the� 

donrinance so characteristic of the upper-altitude forest on Mt Egmont. 

G. littot·a.lts is also less important than on Mt Egmont and as well

does not appear to be closely associated with P. hallii. L. scoparium 
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appears to fil 1 the role performed by say P. colora.ta on the York 

Road Tra.cl� P·idge or P. colensoi at Davison Falls on Mt Egmont, that 

is, an intermediate between the tree dominated and the shrub 

dominate cor,:;11u11 ' it ks. 0. co 1 enso i , dominant in the s uba l pine 

scrub of Mt Anglem, is the physiognornic equivalent of 

S. elac�0._q1 i_f91-ius_ on Mt Egmont. \,Jells and Mark (1966) note that

he�b densities are quite low in the subalpine scrub, perhaps because 

of the clense canop_y
s and thctt they ·increase in the shorter more open 

scrub. This is also the case on Mt Egmont. 

The m�in tussock, herbficld, and fellfield species distributions 

which are comparable with this study a.re those of H. bellidioides j,

C. rubra, and D. filifolium as described by Gibbs (1966) on

Mt Ruapehu (see Figure �2). These species interact in a similar \vay 

to their counterparts on Mt Egmont, and as well, their altitudinal 

1imHs are very similar as \•Jou'lcl be expected because of the sinrilar 

latitude. The difficulties of fluctuating species distributions 

through altitude as the result of differences in substrate and drainage 

factors noted by Gibbs (1966) have also been described earlier in 

this study. Near the Bruce Road on Mt Ruapehu C. rubra reaches its 

max·irnum impoi-tance va·lue 30 at 4,550 ft (1386m), D. filifolium 

fluctuates markedly reaching a maximum importance value 29 at 4,600 ft 

(1401mL and_ H. bellidfoi_1s:i.. reaches its max·imum ·importance va"lue 

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 1797rn for H. bellidioides. The large discrepancies in 

importance value may in part be due to the fact that the method of 

calculation is no� exactly comparable� although a much greater range 

of species is recorded in the upper altitude Mt Ruapehu data. Few 

of the other tus:;ock� herbfield and fell field species distributions 

from the Sou ti 1 I�. 1 a.n d gro.di ent ana ·1 yses a re comparable with this study. 

The South Island examples exhibit a much greater range of species 
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from �ny given genus so that instead of the single Chionochloa 

species on Egmont� three species, each witn different distributions, 

are record2d in the Humboldt Mt study of r\·:ark and Burrel 1 ( 19G6) � 

and again where t\'✓0 Celmisia SJecies \:.;1:..r-:: recorded in the Egmont data, 

nine species are listed fo lhe Hurnbo"ldt 1'1t data. Overall then the 

impressions gained in comparing species altitudinal limits, rel;tive 

importc.tnce or- performance, and species 'lrite::ractfon a.re firstly that 

the Mt [gmcmt. data elucidates sc-:;vera·! major species distribut'lons 

because of a unique species cornplernem.: vnd the absence of ffotfiofc:.gus 

and second"!y a real ·isatfon that the range of species on Mt Egmont 

is considerably less. 

Fi na.l ·1 y � the "loi11er tree- 1 foe on Mt Eginon t at 1100m when cornpa red 

with tha.t at s·imilar latitude on Mt co·!enso (1279m) may in part be 

exp la i nee! by the lack of J�othc�_fQ_qus on Egmont. Add'itfona 11 y thF: 

major clfoiatic d·ifferences imposed by Eg;;1ont 1 s exposed coasta·i 

location must also be partly responsible� 

The direct gradient analyses reviewed draw conclusions as to 

which type of interpretation of vegetation pa.ttern is more 

appropriate. In fact- several of those reviewed set out specifically 

to formulate conclusions regarding the continuum and discrete 

community l;ypotheses, for exarnp·le Beals (1969) a.nd Mark and Burrell 

(1966). In the majority of examples reviewc�d the continuum concept 

of Whittaker (1956) is favoured although most a.uthors qualify the"ir 

support for one or other of the hypotheses noting exceptions to 

otherwise continuous variation, transition zones, or even using a 

classification or comnunity grouping as a convenience for vegetation 

description. The various conclusions drawn in the gradient analyses 

reviewed a.re summarized on Tab.le 21. It must be borne in mind hov1ev2r, 

that such a summury ner:essarny categor·izes and summarizes the 

conc·lusions and may fo part be unfair to some� for example even 

\.,Jhittaker (1956) noted minor trends contrary to the cont'inuum hypothesis. 
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Dir ect Gradient Ana 1 ys es Sunnna r_y_Qf Con c 1 us ions. 

Author Location 

:3-o OJ:�.J 
:.:> (1) _, __ ) ., • �) 

C: $. (,1 �:: ' 

.,.... ::) $..., :.::; 

+-> 0 U ,. :..:, 

t:: :-.> V) f._ ��

Crnr:rnen ts 
o cu ,,_ �·

i-----•--�:--�-�-�-•--�,»=- Q (_� L::• '--� --�-•-n-••�--•----'

t,Jhit ta!·:er,R..H. Great Smoky 11;-cs. 
1 ennr.ssee �U.S./\. 

A continuum of veg�iation. 

Beals , E • \JJ. 
Eth·Jopi a 
Ba�:i' Combolilii�l-·x- X l'' Capable of form·ing both.

,-�------+-------
,-------------·-· Reeder,\,LG. & Santa Cruz, X X Continui-t:y hm·Jever sorne 

Reichert,S.E. Galapagos discontinuity present in the 
form of zone separation by 
equally dominant species. 

Mark�A.F. & 
Sanderson�r.R. 

Mark,A.F. 

Scott,G.A.M. 
et. a 1 • 

We 11 s 5 J . A.. & 
Mark 5 A.F. 

Mark,A.F. & 
Burrell,J. 

Daly,G.T. 

Gibbs,J.G. 

Clarkson ) B.D.

Ogden, J. 

Cl a.rkson ,n. D. 

Hollyford vane,v 
F·iordland,N.Z. 

}' .\ 

Secretary Isl r1nd X 
Fi ordl and,N. Z. 

Still recognised an abrupt 
change at 475m enabli�g 
distinction of two forest 
types. 

Lake Hankinson 
Fiordland 5 N.Z. 

Mt Ang·! em 
Stewart Is.N.Z. 

Humboldt Mts. 
Fiord.'land,N.Z. 

Otago, N.Z. 

Bruce Road, 
Mt Ruapehu N.Z. 

Ta.ranaki Falls 
Mt Ruapehu N.Z. 

Mt co·1 enso 
Ruahine Range 
N.Z. 

Mt Egrnont N.Z. 

X Impractica·1 to recoriniso 
d·iscrete communities 
although two facies were 
apparent. 

X Four communities separated 
by discontinuities in 
physiognonw and floristics. 

X Abrupt changes in structure 
enabled recognition of 
separate communities. 

X A continuum of vegetation. 

X Floristic discontinuities. 

X F"loristic d·iscontinuities. 

X A continuum of species. 

X X Capable of forming both but 
generally discrete 
communities. 
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t,.Jhen the range of conclusions reached is considered it becomes 

apparent that there are several possible reasons for the conflict, and 

follO\,Jing on from this the controversy, between the continuum and 

discre·tc communit y  hypotheses. The possibilities are: 

1. that for each site the correct conc·1 us ion has been drawn; that

is both hypotheses are tenable,

2. th2t the conc·lusions reached are influenced by the methods of

data collection and daha rnilnipulation 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 othtr have drawn invalid conclusions.

Before the first or third possibilities listed can be examined the 

grad·cnt e1.ne1lyses rev·fevJed must be compared in terms of the second 

possibility in order to decide whether or not the conclusions 

obtained 1ave in any way been in:luenced 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. 

Und2r the heading data collection, alt"itudina·1 interval employed 

and altitudinal range encountered will be considered. Under the 

heading data analysis, amalgamation of data and classificato1� 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 

employed may affect the conclusions reached H, for example, the 

·inter'val is so great as to fail adequately to detect and thus describe

a species distribution through altitude. Possible effects of an 

altitudinal interval that was too great could be a loss of the 

''tan s 11 of sriecies distributions, so t.lrt species v-1hich ·in fact 

associate over part of their respective ranges appear to rlistribute 

more separately than is actually the case. What hypotheses might 
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be favoured by such an interval selection is questionable and woulc 

depend on whether the species concerned v✓ere clonrinants or 1'clati 101y 

minor components of the vegetation. Large altitudinal int�rvals, as 

in the case of 243m (Daly, 1967) or 198m ( Ogden s 1971) � nrl �li�t 

possibly smooth out major species distributions and make associated 

species appear to be more individualistically distributed. The 

effect of the larger altitudinal interval employed fer the Stratfo;··c 

data (140m) already described in Chapter 6 of this study was a 

smoothing of distr·ibutions� although ·ln spite of tl1·is the vegetation 

pattern coincided well \tit h sites where a. smailer- a.lt·itud·na.1 

interval was employed. It is possible that increasing tho a1titud·fna1 

interval could favour a discrete communHy intet·pretation if 11 tails 11

of species distributions a re ·i ost. Hm"1ever � v✓ha tever the effect, it 

is obvious that much greater consideration of the magnitude of the 

altitudinal interval should be made. A comparison of data collected 

from the same locJtion 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 reviev.1ed. Some of the o.l tHud"inal gradients 

considered encounter a much greater range t
i

f vegetation (forest 

through to herbfield) and environmental conditions than others. As 

we 11 , the rate of change ( deteri ora. ti on) in envi ronmenta ·1 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 350 and 898 metres respectively, should conclude in favour 

of a continuum of vegetation, while the present study should lean 

more towards d·iscrete community types "in that the altitudinal range 

·j s nea rl .v J,000rn and thcrefo ·1 P ,:;_ grc:a ter ran 9e of ve�_:;r:.:ta t ion types an c.:

envi ronmentc:.l change is to be described __ ...___ /.\ compar� son 

of all the direct gradient analyses rev·ev1ed does not support this 



notion however, for example G·ibbs (1966) and Mar-k and Burrell (1966), 

employing altitudinal ranges of 487 and 560m respectively, still 

favoured the discrete community approach, while Daly (1966), dealing 

with an alt·itudina1 range of 1553m ? concluded in favour of the 

contin uum hy 1�:othes is. 

A1mlgctniation of da.ta, that is the grouping and a.veraging of data from 

spa.t·io.lly sepa.r-ated sites� is carried out by lt!hittaker (1956), 

Beals (196�)� reeder and Reichert (1975), and Gibbs (1966), although 

the actual procedure and effect is different in each of the studies. 

Beals, Reeder and Reichert� and Gibbs grouped and averaged data which 

was only sli£htly spatially separated since samples grouped and 

averaaed 
,,J 

came from single transects. Reeder and Reichert thus 

grouped and averaged the results of five linearly arranged contiguous 

10 x 10m quadrats located altitudinally and along the contour. 

Beals grouped and averaged the results of five samples (each sample 

consisting of ten plots 20 x 10m) into segments representing fHty 

metres of altitude. Gibbs grouped and averaged the results of up to 

tv1enty-three quadr&ts 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 along the altitudinal 

gradient. Whitta�er (1956) on the other hand grouped and averaged 

data from spatially separated transects and into segments representing 

200 or 300 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 poss·ible 

effects of this type of data. amalgamation have already been noted 

in Chapter 6, that is 9 amalgamation tends to 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 distrjbution which 

cannot be located on the ground. The example given in Chapter 6 

of this study supports th� view that this data amalgamation may 



increase the apparent continuity in a given vegetation data set 

thus prejudicill9 the conclusions in favour of the continuum 

hypo th es ·is. There may be cases \11!he "e such data a1'.1a l gamation could 

strengthen the: \'iov1 that there are discontinuities in the data, 

but whatever the effect of �2ta amalgamation it is obvious that 

careful conc·i(�crc1tion should be given to such a practice. If a 

generalisation of species distributions from a range of spatially 

separated locat::�ns is rcqu'ired !, amalgamatfon will do the job, but 

the r-esultfog c 1)ocic:s distr'ibutfons described are unreal since they 

ca. n no t be 1 o ca t c d on the g ro t.i n d • I t ·i s a 1 so po s s ' lb 1 e that quad rat 

size could have a similar influence on data interpretation. For 

example, if the quadra t hon1ogenei ty cons� ra i nts of qL-.adra t size 

noted in Chapter 4 are not met the resu·1 ts obtained are in effect 

an average of species representation over a greater or lesser 

environmental range at any given altitude. 

The fact that the strategy adopted in analys"ing vegetation data 

may influence the conclusions drawn, that is, whether or not a 

classificatory or ordinatory approach is employed, has also "lready 

been noted in Chapter 6. In general it appears that the approach 

employed in part determines the con cl us ions reach(�d with regard to 

the contfr,uum and discrete community hypotheses. /\n attempt \\la.s made 

in this study to avoid this problem although it seems likely that 

particularly in some of the earlier gradient analyses descr-ibed 

this may not have been the case. Overall it appears likely that the 

processes of data selection and data analysis influence the 

conclusions 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 fundan�ntal differences in the vegetation patterns described 

by various researchers. Thus species distributions may be considered 

to form a spectrum ranging from species d·istributions which are 
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182 

essentially individualistic (forming continua) through to species 

distributions which exhibit association and marked discontinuity. 

Therefore in refc:rence to the h"µothu;es 1 isted by l1hittaker ( 1970), 

hypotheses two, three,and four appear tenable on Mt Egmont at least. 

Hypothesis one, ti1e extrcr11e: of discontinuity, appeo.rs to be too 

preci �e to be n:et by Hie l�3rror:t d0ta. f1 though 1mjor di scont"inuit i es 

(floristic a.ncl physio9noinic) were reco;;nised fo the vegetation 

strata on Mt Egn1ont i, tie d·iscontinuHies in each stratum do not 

coincide to the exten-'·: ruiuir ed to sa.-dsfy the fir st hypothesis. 

Hypotheses two, thrce,a�d four all appear tenable for th� Egmont 

data al though the support provided by the data can on·ly be general 

because the so.lilpl'ing \'Jas not designed specifically to test each 

ind·fv·idual hypothes·is. If hypotheses tvm, three,and four are viewed 

as a spectrum of possibi'l ·it'ies for species distdbutions ran9ing 

from a continuu;nthrough to d·iscontinui cy tf.en sevetal examples have 

been determined in the Egrnont data. The Lake Dive and Razorback 

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 Dawson Falls tree-shrub interface, and the York Road Track 

Ridge tree-shrub interface represent locations at which there is 

greater continuit y in vegetation pattern with centres and boundar-ies 

of species populations scattered along the altitudinal gradient.· 

In the perspective of the various altitudinal gradient analyses 

examined hmvever it is obvious that overc11·1 the species distributions 

on Mt Egmont shO\AJ a greater tendency tov1ards discontinuity than is 

apparent at 1:iany other locatfons. 
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