
THE NATURAL VEGETATION OF TEE 
KAINGAROA PLAINS AS AN INDICATOR OF 

SITE QUALITY FOR EXOTIC CONIFERS 
By J. URE 

Introduction 
The management of Kaingaroa Forest requires' a more rapid 

method of delimiting site quality than sample plots or height measure- 
ments, as both these methods are cumbersome and inefficient when 
applied to a large area ; furthermore, these measurements cannot 
define the quality of unplanted land nor indicate the most suitable 
tree species for any given site. As ecological site descriptions can 
fulfil all these requirements this paper describes the correlation of 
height growth in existing stands with the composition of the natural 
vegetation of the Kaingaroa Plains. 

Thanks are due to the staff of the Forest Research Institute for 
help in reading the draft of this paper and for arranging to have the 
more difficult botanical material checked by the Botany Division of 
the Department of Scientific and 'Industrial Research. 

Method 
The site qualities of many compartments of Pinus radiata in 

Kaingaroa Forest were recently assessed by the mean %op height 
method ; the heights of 20 dominant trees were taken in each com- 
partment, the measurements being confined to that part of the 
compartment considered to be typical of the whole. During the 
course of this work notes were kept on the floristic composition of the 
natural vegetation in the nearest comparable firebreak to the area 
sampled by height measurements. 

Care was taken to avoid possibIe local variations both in taking 
height measurements and in recording the composition of the vegeta- 
tion ; since topography was seen to exert a well marked influence in 
this respect, gullies, ridges and hollows of local extent were always 
avoided, as were one chain breaks which are influenced by side shade 
from the trees, and also those breaks recently disturbed by ploughing, 
scrub cutting or fire. In  this manner a number of plant community 
descriptions were'obtained, each one being correlated with a mean 
top height for P. radiata. 

With experience it was found possible to select a few species 
which were characteristic of the various sites. The frequency of 
these selected members of each plant community was assessed by 
eye and classified on a scale ranging from 1 to 6 or described by 
one of the following adjectives ; dominant or very abundant (6), 
abundant ( 5 ) ,  common (4), frequent (3), occasional (2)  and rare (1 ) .  
I n  addition notes were kept on the vigour of manuka (Leptospermum 
scoparium), and to a limited extent on that of bracken (Pteridium 
esculemtum) ; as these two species tolerate a relatively wide range of 



habitat conditions their vigour is a more sensitive indicator than their 
frequency. 

Three sites are defined in the yield tables (1) for P. radiata in 
this region, each one showing a heigh"t range of 18 feet for a 20-year-old 
crop. The floristic composition correlated with a mean top height 
falling a t  the bottom of the range of any given site was distinct from 
that placed in like manner a t  the top of the range. In  order to 
examine this more closely each of Allsop's sites was divided into three 
sub-sites-Ia, Ib, Ic, and so on, each having a height range of 6 feet. 
Each floristic description was booked under the sub-site indicated by 
its corresponding mean top height. Numerical values were substi- 
tuted for the adjectives describing the frequency of the species present 
in the field ; thus a species occurring on any one sub-site had a series 
of numbers from 0 to 6 booked against it, according to its frequency 
in each plant community falling in that sub-site. Having booked all 
the floristic descriptions the mean frequency of each species was 
extracted for each sub-site to obtain the average floristic composition. 
The whole of the data so obtained are summarised in the accompanying 
table. 

MEAN FREQUENCIES OF SPECIES ACCORDING TO SITE 

Site 

Sub-site 

Species 
Leptospermum scoparium 
Pteridium esculentum 
Gaultheria antipoda 
Coriaria ruscifolia 
Pittosporum tenuifolium 
Coprosma lucida 
Olearia furfuracea 
Pomaderris phylicaefolia 
Poa caespitosa 
Dracophyllum subulatum 
Pimelea prostrata 
Leucopogon fraseri Ij 

N.B.-Frequency "0" means that the species was recorded in some 
observations but its mean frequency was less than 0.5. 
Sub-site Ia  has not been recorded in Kaingaroa Forest. 

In order to show this more clearly a diagram (Fig: 1) was prepared 
with each species represented by a line plotted by using the mean 
frequency . .. as the dependent and the sub-site as the independent 
variable. 

The same method was later applied to Pseudotsuga taz~ol ia ,  
Pinus laricio and, to a limited extent, P. ponderosa. The genetic 
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variation of the last species precludes any reliable conclusions being 
reached, especially as the bulk of the country carrying it is uniformly 
poor. 

As no yield tables are available for other species, no site descrip- 
tions have been prepared, but a tentative allocation of sites has been 
drawn on experience in Kaingaroa Forest, with a view to using the 
land to the best advantage rather than the placing of all species on 
the optimum site, which appears to be the same for all. 

Site Descriptions 
Site I, Finus radiata.-Mean top height a t  20 years 98-116 feet. 
This site is found on undulating country and is usually associated 

with moderately steep slopes (2 ) .  I t  has not been recorded above 
2,000 feet in Kaingaroa Forest. The site as a whole can be recognised 
by the dense growth of manuka (Leptospermz~m scoparium) and 
bracken (Pteridium esculentum) which severely hampers progress on 
foot. Sub-site Ia  has not been covered in detail but an increase in 
the frequency and vigour of such shrubs as Coriaria ruscifolia, 
Coprosma lucida and Pittosporum tenuifolium over that found on Ib 
has been observed. These broad-leaved shrubs are replaced by 
Gaultheria antipoda and Olearia furfuracea towards the transition 
from sites I to 11. Monoao (Dracophyllum subulatum) is absent 
throughout. 

The soil profile contains no apparent barrier to root penetration 
and shows a former top soil close to, but separated from, the present 
B horizon by a layer of pumiceous gravel. I t  has been noticed that 
the closer this buried soil lies t3 the surface the more vigorous the 
tree growth. Tree roots exploit the present A and B horizons and 
pass through the layer of pumiceous gravel to ramify extensively in 
the sandy loam of the buried soil. 

Leptospermum scoparium 

Pteridium esculentum 

Gaultheria antipoda 

Olearia furfuracea 

Coriaria ruscifolia 

Coprosma lucida 
Pittosporum tenuifolium 

Nothopanax arboreum 
Weinmannia racemosa 
Hebe salicifolia 

Shrub Layer 
Forst. Abundant or very abundant. 

Dense and over 9 feet in height. 
(Porst.) Abundant. Dominant locally, 
Diels stipes over 4 feet long. 
Forst. Common, especially towards the 

transition from site I to 11. 
Hook. f. Common, especially towards the 

transition from site I to 11. 
Linn. Common, especially on the 

better parts of the site. 
Forst. 
Banks & 
Sol. 

Linn. f. 
(Forst. f.) 
Pennel. 
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Herb Layer 

Herbs Lotus uliginosus Occur in local communities or 
La~eno~hOra  purniza as isolated individuals. Also 

Grasses Holcus lanatus Linn. 
Aarostis tenuis Sibth. found on site 11. 

Ferns ~ G e s i a  scaberula Kuhn. 
Lycopodium volubile Forst. 

Site 11, Pinus radiata.-Mean top height a t  20 years 81-98 feet. 
Site I1 is rarely found above 2,200 feet and is associated with 

rolling country. Manuka and bracken are both conspicuous in the 
vegetation, but are of reduced vigour ; Pomaderris phylicaefolia is 
usually present and attains its maximum development on sub-she 
IIb. Monoao, although rare or absent on sub-site IIa, increases in 
frequency as the site deteriorates. Tussock (Poa caespitosa) is usually 
present and is associated with the declining vigour of the manuka 
and brgcken. Progress on foot is difficult through sub-site I Ia  but 
relatively easy through IIc. The soil profile is similar to that found 
in site I. 

Shrub Layer 

Leptospermum scoparium Forst. Very abundant, 6 to 8 feet in 
height and fairly dense. 

Pteridium esculentum (Forst.) Common, becoming occasional 
Diels towards the transition from 

site I1 to 111. Stipes usually 
less than 4 feet long. 

Pomaderris phylicaefolia Lodd. Common, sometimes abund- 
ant particularly on sub-site 
IIb. 

Caultheria antipoda Forst. Common, becoming less fre- 
quent towards the transition 
from I1 to 111. 

Dracophyllum subulatum Hook. f. Found throughout, being rare 
or absent on sub-site I Ia  but 
frequent or common on IIc. 

Herb Layer 

Poa caespitosa Forst. Similar to Dracophyllum. 
The following species are also found as isolated individuals or as 

local communities : 
Herbs Lotus uliyinosus Schkuhr. 

Lagenophora pumila Cheesem. Also found on site I. 
Grasses Holcus lanatus Linn. 
and Deyeuxia avenoides Buch. 

sedges Danthonia gracilis Hook. f. 
Agrostis telzuis Sibth. 
Cladium vauthiera C. B. Clarke 



Herbs Microseris scapigera 0. Hoff. 
Gnaphalium collinum Lab. 
Vittadinia australis A. Rich. 
Dichondra repens Forst. Also found on site 111. 
Haloragis micrantha R. Br. 
Celmisia gracilenta Hook. f. 
Pimelea prostrata Willd. 

Mosses Ditrichum punctulatum Mitt. 
Campylopus clavatus (R.Br.) H.f. & W. 
Bryum crassum H.f. & W. 
Ceratodon purpureus Brid. 

Site Ill, P .  radiata. Mean top height a t  20 years 63-81 feet. 
Site I11 appears to be confined to gently undulating or flat 

country between 1,500 and 2,400 feet, the maximum elevation sampled 
in the forest. Manuka is dominant or co-dominant with monoao and 
tussock on sub-site IIIa, with small scattered fronds of bracken, less 
than one foot high, also present. Site IIIc is found on the flats where 
manuka is rare or absent and is replaced by tussock and monoao 
which provide a low broken cover for small or prostrate plants such as 
lichens, mosses, Leucopogon fraseri and Pimelea prostrata. The two 
characteristic lichens of this site, both of which occur in large sponge- 
like masses 3 to 6 inches thick, are Cladonia retepora and 
C. pycwocladia. Severe unseasonal frosts are a feature of 
these flats, limiting the choice of species to lodgepole pine 
(P. murrayana) and certain varieties of P .  ponderosa. Furthermore, 
the soil usually contains a pronounced compacted zone, 6 to 9 inches 
below the surface ; this checks free root penetration and induces a 
spreading root habit. The soil on these flats has developed on an 
accumulation of raw pumice which has been washed off higher ground 
by water, a process that probably continued after the establishment 
of a vegetative cover on the slopes. The resultant profile has been 
subject to  soil-forming processes for a relatively short time, as the 
repeated downwash of eroded material has delayed the development 
of vegetation on the flats. The low open character of the vegetation 
throughout site I11 makes progress on foot easy and visibility is 
unrestricted. 

Shrub Layer 
Leptospermum scoparium Forst. 

Dracophyllum subulatum Hook. f. 

Dominant or co-dom- 
inant with monoao and 
tussock on sub-site 
IIIa becoming local or 
absent on IIIc. 
Abundant throughout, 
except where tussock 
dominates a pure herb 
community. 



Herb Layer 

Grass Poa caespitosa Forst. - Abundant throughout, 
dominant locally. 

Lichen Cladonia retepora Labill. 
Cladonia f loerkiana (Fr.) 

Somm. f. Common or abund- 
Cladonia pycnoclada (Gaudich) ant ; a prominent 

Nil. 1 feature of site 111. 
Cladonia furcata (Huds.) 

Schrad. 
Cladonia scabriuscula 

Herbs Leucopogon fraseri A. Cunn. Common. 
Pimelea prostrata Willd. 

Mosses Polytrichum juniperinurn Willd. Common. 
Rhacomitrium languinosum 

var. pruinosupn (C.M.) W.f. & W. 

The following species are also found as isolated individuals or as 
local communities : 
Shrubs Cyathodes empetrifolia Hook. f. Usually found on site 1 I11 only. 
Herbs Raoulia australis Hook. f. 

Microseris s q i g e r a  0. Hoff. 
Gnaphalium collinum Lab. 
Vittadinia australis A. Rich. Also found on site 11. 
Dichondra repens Forst. 
Haloragis micrantha R. Br. 
Celmisia gracilenta Hook. f. 

Grasses Danthonia gracilis Hook. f. 
and Deyeuxia avenoides Buch. 
sedges Cladium vautheira C. B. Clarke 
Mosses Stereodopz cupressi- (Hedw.) Mitt. 

formis 
Ceratodon purpureus Brid. 

Local Variations 
This scheme, being a broad generalisation of natural conditions, 

fails when interpreted too narrowly. A few of the more common 
exceptions are therefore discussed below. 

Slight variations of site 111 are found above 2,200 feet in the 
southern half of the forest, between Te Awa and Waimihia Camp. 
In  some places monoao is entirely absent and small, scrubby tussock 
shares the ground with lichens and mosses. This appears to indicate 
a particularly intractable site. The undulating country in this 
region frequently carries kanuka (Leptospermum ericoides) in addition 
to manuka, monoao and tussock. The abundance of monoao, 
tussock and lichens, together with the poor growth of manuka and 



the open character of the vegetation, indicates site 111. This has 
been confirmed by height measurements in the nearby compartments 
of P.  radiata. Kanuka has been noted growing in small pockets of 
loose friable soil scattered throughout the coarse, rubbly soil which is 
more characteristic of the area as a whole. 

Local areas carrying heavy manuka over 10 feet in height, with 
scattered specimens of kanuka and a ground flora including Lycopo- 
d ium uolubile, Dicksonia squarrosa and Paesia scaberula, are found 
throughout the forest and are generally of no significance. But where 
an appreciable area is found the site quality is 11. Similarly, a dense 
growth of broadleaved shrubs, mentioned in the description of site I 
above, with little or no bracken present has been found to indicate 
site 11. This may be a function of aspect as these local communities 
are usually confined to southerly slopes. 

To the north of the Ngatamawahine Stream the country is 
covered by Tarawera ash which is of recent origin (1886). Assessment 
of site quality in this area requires caution, as the vegetation is prob- 
ably less stable than elsewhere in this region. Very little information 
has been collected from this area between Mt. Tarawera and the 
Rangitaiki River, but two privately owned forests have been visited 
and, from height measurements and sample plots, it would appear 
that the site quality improves as the density and vigour of manuka 
and bracken increases ; which conforms with the results obtained in 
Kaingaroa Forest. The misleading feature of this area lies in the 
composition of the vegetation which is dominated by manuka, bracken 
and Gaultheria with no monoao. At first sight this would indicate 
site I ,  but the density of the vegetation is low, and the vigour of the 
manuka and bracken not consistent with such a good site ; lichens, 
Leucopogon fraseri and Pimelea prostrata partially conceal the bare 
ash. Height measurements of P .  radiata in the vicinity indicated site 
11. Further north the density and vigour of the vegetation increases 
and a herbaceous ground layer becomes noticeable, indicating site I. 

Practical Application 
This scheme will probably apply to all central North Island 

districts where the soil is derived from pumice showers. AltEoiigh 
the writer has had little experience outside Kaingaroa Forest, a 
similar scheme devised by Owen Jones some years ago for an adjacent 
district, confirms very closely the trends outlined here. 

When applying this scheme in practice i t  is essential that the 
vegetation being studied be undisturbed in that it has not been 
burnt, ploughed or otherwise interfered with, and that it is not 
influenced by side shade from a tree crop. The sides of roads should 
also be avoided as the reception of drainage water together with the 
disturbance of the soil there affects the vegetation very markedly. 

There are two other precautions to be observed before this method 
of site recognition can be applied. The first is to attach approximately 



the same values to the adjectives describing the frequency of the 
individual species as the writer has given ; the second is to make the 
deductions from the composition of the vegetation as a whole, as well 
as from the vigour of manuka and bracken, and the presence or 
absence of any particular species. The vigour and frequency of any 
one of the species used are not a reliable indicator in themselves. For 
example tall manuka does not always indicate site I, nor does the 
absence of manoao, as evident in the country covered by Tarawera 
ash. Bracken is perhaps the most reliable species in this respect as 
its frequency and vigour appears to reflect the quality of the site very 
closely, but not clearly enough for fully satisfactory results. 

The following notes should clarify the descriptive terms used in 
this article. 

Dominant or very abundant simply means that the species so 
described is obviously the most common one present and that all 
others are in a subordinate role. 

Abundant implies a frequency but little below the dominant 
species but nevertheless subordinate to i t  in numbers and vigour of 
growth. Where two species are present equally as dominant members 
of the community, they have both been described as abundant. 

A species that is noted to be common is present in sufficient 
numbers to strike the eye a t  once, and thus occupy a very significant 
part of the area, whereas frequent implies that a species is present in 
quantity but not so as to catch the eye by its contribution to the main 
colouring and appearance of the vegetation. 

Occasional means that the observer has to search for the indi- 
viduals scattered throughout the area, although he will be able to find 
them quite easily. Rare means that the individuak are widely 
scattered and more difficult to find. The presence of small local 
communities should be disregarded in assessing site quality as they 
usually mean nothing to the area as a whole. 

The site descriptions have been used to determine the site quality 
of many compartments of P. radiata, height measurements being 
taken from time to time as a check on the accuracy of the deductions 
made from the vegetation. No discrepancies occurred except where 
the stocking of P. radiata was poor. In  these cases a lower height 
measurement was obtained than that indicated by the vegetation. 
Each compartment was inspected from a t  least two sides and in most 
cases from three sides, the site quality indicated by the vegetation 
being noted and the average quality deduced accordingly. Where 
a suitable vantage point is available a whole compartment can often 
be taken in a t  a glance and the site quality judged in a few seconds. 
The influence of topography is so marked in this region that i t  is 
often possible to sketch a rough boundary between two sites in one 
compartment, as the change from one to the other frequently follows 
a contour line. With the ecological approach to site recognition, as 
opposed to height measurements, i t  was found possible in three days 
to do the work normally expected from two men during the course of 
two or three weeks. 
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In the case of undeveloped land, it is possible to assess the site 
quality very closely and allocate the most suitable species in each 
case. Furthermore the yield tables can be consulted if an estimate 
of growth rate is required for management purposes. 

Site Definition-Ps. taxifolia and P. laricio 
All other species grow best on site I* and worst, if a t  all, on 

Site 111. All that is necessary, therefore, to  define the two sites 
recognised in the yield tables for Ps. taxifolia and P. laricio is the 
location of the dividing line on Fig. 1. This was found to fall about 
the middle of site 11, being slightly inclined to site I in the case of 
Ps. taxifolia and to site I11 in the case of P. laricio. 

Allocation of Sites 
Site IIc is proably marginal for P. radiata. A11 stands below 

this quality show a high degree of malformation and are sf poor 
quality. P. patula and P. ponderosa (Eldorado or western variety) 
are probably similar in their site requirements. 
h. taz$olia fails on site I I Ib  unless special silvicultural treatment 

is given, but can be established with confidence on sites I and 11. 
P. laricio, P. monticola and P. strobus grow well on site I1 and 

also on the undulating parts of site 111. 
P. ponderosa (British Columbia varieties) and P. murrayavta are 

the only species that will tolerate the whole range of site 111 and show 
promise of forming a stand. The British Columbian P. ponderosa, 
although slow in growth, is of good form and should yield better 
timber than the Eldorado variety (3). 

The numerous frost flats or hollows that occur on the Kaingaroa 
Plains, many of them being blank a t  the present time, are not suitable 
for any tree species ; not only are they subject to severe unseasonal 
frosts and poor edaphic conditions but unfavourable biotic conditions 
as well. These open spaces in the forest serve as congregating points 
for deer, rabbits and hares all of which cause damage to newly planted 
areas ; furthermore the growth of surrounding stands has probably 
placed an obstruction in the way of normal air drainage, thus raising 
the level to which cold air will rise on a still night. In view of the 
above it is doubtful whether such areas should ever be planted a t  all. 

Summary 
Ecological descriptions of three sites for P. radiata have been 

prepared by correlating mean top height measurements with the 
floristic composition of the natural vegetation of the Kaingaroa 
Plains. Two sites for Ps. taxifolia and P. laricio are also defined 
and the most suitable sites for seven other exotic conifers indicated. 

* All reference to site quality is in terms of P. radiata sites. 
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DEER AND THE FORESTS OF 
WESTERN SOUTHLAND 

By JOHN T. HOLLOWAY 

As an integral part of the programme of work undertaken by the 
National Forest Survey, observations relative to the effects of deer 
upon the "well-being" of the indigenous forests are being recorded. 
A very considerable amount of information is now on file although it 
is not yet possible to make any detailed analysis of it. Nevertheless, 
after paying special attention to this problem during several seasons' 
field work, a r h m 6  of progress to date becomes advisable. The 
present communication deals only with the forests of Western South- 
land and, without going into detail, attempts to sketch out the salient 
features of the problems involved and to forecast the outcome of 
certain trends. 

It should be emphasised a t  the outset that the problem is no 
simple one capable of resolution by a single research worker, for we 
are dealing, not with uniform forests inhabited by uniform populations 
of deer but with excessively variable forests in which varying numbers 
of deer have been acclimatised for varying lengths of time. In 
Western Southland upwards of fifty distinct types of forest have been 
recognised ; and this for the purposes of forest mensuration alone. 
A detailed ecological survey would further resolve many of these 
types into floristically distinct units ; and for each unit the reaction 
of the vegetation to the browsing of deer is peculiar to that unit. 
At the same time, within any one type of forest, the degree of change 
in evidence is dependent also upon the level of the deer population 
and upon the length of time for which the animals have been present. 

I. Natural Trends in Deer Population 
In any area of virgin forest follcwing the immigration or liber- 

ation of deer, there is a well marked series of changes in population 
density. Initially the forest offers a maximum amount of browse 


