
INTRODUCED ANIMAL EFFECTS AND EROSION 
PHENOMENA I N  THE NORTHERN UREWERA 

FORESTS 

I SYNOPSIS  

The northern Urewera forests provide major indirect bene- 
fits to most of the eastern Bay of Plenty farmlands and towns 
through control of erosion and water runoff on  the steep un- 
stable mountain land [hat occupies 75% of the Whakatane 
and Waioeka River catchments. Recent assessments in this 
forest region show that there has been a depletion of deer pre- 
ferred species and a depression of advance growlh stockings 

I t l~roughout the main forest types. A decline in deer numbers, 
attvibuted mainly to recent animal control operations, appears 
to be effecting an improvement in beech and podocarphard- 
wood forest stockings. Where opossum numbers are high, 
their damage to shrub hardwood forest occupying unstable 
sites is considered to  have increased shallow depth earth move- 
ments and stream channel erosion. Major slipping in  the 
region is associated with the high intensity rainstorms, steep 
slopes and soil physical properties. 

INTRODUCTION 

The northern Urewera forests form a primary area of con- 
cern for management of the protection forest estate within 
Rotorua Conservancy. These forests are situated on the very 
steep, erosion-prone mountain land that occupies 77% (214,- 
000 ha) of the catchment areas of the Whakatane and Waioeka 
Rivers combined. Thus watershed protection is without ques- 
tion their most important function. The two rivers have 
flooded the eastern Bay of Plenty lowlands on more than 
thirty occasions since 1920. Flood control schemes are well 
advanced on the lower Whakatane and Waioeka Rivers, esti- 
mated to cost $3.5 million. These control schemes on com- 
pletion will increase confidence in local development, and 
consequently raise the capital value of lowlying lands, cur- 
rently $40 million. 

To obtain and maintain in the forests satisfactory condi- 
tions for control of erosion and water runoff, operations 
against introduced animals have been carried out. Browsing 
animals were initially freed in the forests more than seventy 
years ago, but their effects did not attract official attention 
until the late 1930s and the Internal Affairs Department com- 
menced operations against red deer in the central and south- 
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ern Urewera forests in 1938. During the conduct of the 
National Forest and Forest Ecology Surveys, data were col- 
lected on animal damage in the forests of the area. In sum- 
mary, these data showed forest conditions were unsalisfac- 
tory (McKelvey, 1959). Intensive control commenced in 1960 
against deer and pigs in the Horonlanga Stream (in the 
western Ureweras) on an experimental basis, and against 
goats in the Waioeka River headwaters. These operations have 
subsequently been expanded to cover the whole of the forest- 
ed area in the Whakatane and Waioeka catchments. 

The primary intention of this paper is to outline briefly 
the results of assessments made in the forests of conditions 
and animal damage between 1967 and 1970. Most of the work 
was carried out by the Forest and Range Experiment Station, 
Napier, during the course of a forest and catchment condi- 
tion survey (Wallis and James, 1969). Some supplementary 
studies have subsequently been carried out by Rotorua Con- 
servancy management staff (Wallis, 1969). Prior to 1967, most 
evaluations of animal damage and subsequent control 
measures were based on techiques containhg subjective 
observation. Assessments of animal control effectiveness were 
supplemented by rephotography of fixed photo points and 
animal exclusion plots, the latter to provide a general guide 
to vegetation response in the absence of ground browsing 
animals. As McKelvey (1960) points out, these methods were 
introduced as an interim measure until mcre objective tech- 
niques and criteria were evolved at a formal research level. 

The results given here represent a first attempt to objec- 
tively measure forest condition and animal effects on a large 
scale in physically difficult terrain. A number of problems 
arose, particularly in relation to sampling design and analysis 
methods, but sufficient information was obtained to: 

( a )  Establish the main factors currently affecting forest con- 
dition in the northern Urewera catchment areas. 

(b)  Provide an objective basis for the future determination 
of changes in the animal and plant populations, evalua- 
tion of control methods, and short-term operational plan- 
ning. 

The area described in this paper is shown in Fig. 1. In 
addition to the 214,000 ha in the Whakatane, Waioeka and 
Wajotahi catchments, 12,000 ha of forest in the Horomanga 
Stream ( a  tributary of the Rangitaiki River) is included be- 
cause it has been experimentally hunted. Almost 50% of the 
forest area is contained within the Urewera National Park 
and 25% in Waioeka State Forest. Most of the remaining 
land is Maori-owned, with large areas of native foresi logged 
in the vicinity of Ruatahuna and Maungapohatu. With the 
exception of minor areas of State Forest, accessible timber re- 
sources in the region are approaching exhaustion. 

PHYSICAL FACTORS 

The main rock types of the region are Mesozoic greywackes 
and argjllites that over wjde areas are heavily fractured and 
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contorted. They are formed up into sharply dissected, steep 
sloped (30 to 50 degrees) mountain ranges between 760 n~ 
and 1,370 m high. Plateau formations of younger siltstones 
and sandstones are present overlapping the older rocks on 
the Kahikatea Range in the east. At least twenty volcanic 
ash showers deposited in the past 15,000 years (Healy et al., 
1964) overlie the basement rocks. The more recent deposits 

F I G .  1: The northern Urewera country. 
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form unconsolidated beds of light sandy particles Ihat are 
easily moved by water. In contrast, the older showers have 
weathered to a silty texture and form well-consolidated and 
relatively impervious beds. 

The climate is mild and humid. Mean annual rainfall ranges 
from 1,524 mm in the north-west to 3,175 mm in the south-east, 
the gradient being modified by topography. Torrential rain- 
storms can occur in any season when frontal depressions or 
tropical cylones pass over the Bay of Plenty region. The high- 
est intensity rainfall recorded was in the Central Waioeka 
catchment in March 1964 when 508 mm fell in 46 hours. Maps 
of rainfall intensity produced by the Bay of Plenty Catch- 
ment Commission for storms since 1958 show that middle and 
upper catchment intensity values are up to five times greater 
t h m  those received at the coast. Gale force winds are ex- 
perienced during storms, although at other times the area 
is less windy than other North Island mountain areas. 

The forest pattern and composition are described by 
Nicholls (1966) on NZFS Type Map Series No. 2. Briefly, there 
are four broad forest types whose distribution is controlled 
mainly by altitude and site: podocarp-hardwood forest (149,- 
000 ha) is the dominant cover up to 730 m. The common 
canopy species are tawa, kamahi, rewarewa and hinau, with 
scattered emergent rimu, matai, miro and northern rata trees. 
Kahikatea and totara occur infrequently. Between 730m and 
880 m podocarp-beech forest predominates (16,000 ha). The 
common canopy trees are rimu, red, hard and silver beech, 
kamahi, tawari and occasional tawa. Above 880 m red, silver 
and occasionally hard beech species dominate the canopies 
over 25,000 ha except on the Kawhenua Range where red 
beech alone predominates. From approximately 1,160 m there 
is pure silver beech forest up to the summits. Isolated pockets 
of mountain beech ar2 present in eastern areas near the 
summits. 

Distributed within these three broad types are shrub hard- 
wood species (mainly rangiora, mahoe, pate, fuchsia, five 
finger, lacebark, manuka and kanuka). Many form a 
secondary canopy tier under podocarp-hardwood and podo- 
carp-beech forest Over an estimated area of 36,000 ha they 
form a canopy cover on sites disturbed in recent times by 
fire, erosion or logging. 

INTRODUCED ANIMAL DISTRIBUTIONS 

The introduced animals examined in the assessments are 
those capable of having a major influence on the forests. 
red, sambur and Javan rusa deer, opossums, goats, pigs and 
wild cattle. Only red deer, opossums and pigs occur through- 
out the area. Animal distributions were determined from the 
density or frequency of their droppings. Information for this 
purpose was obtained from 3,080 forest sample plots. From 
each Forest plot centre a single distance measurement was 
made to the nearest group of deer pellets to obtain the density 
of deer pellet groups (groups per hectare). The presence or 
absence of other animal faecal pellets was recorded in a 
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0.004 ha circular plot around each plot centre to determine 
their frequency. These pellet data were used to define areas 
of different densities but not the actual number of animals 
per hectare or catchment. To obtain the latter, additional esti- 
mates of the decay rate of droppings and the number of drop- 
pings per animal per day are required. By treating the data 
as relative measures, these two factors were assumed to be 
constant for each animal throughout the region. 

FIG. 2: Distribution of deer. 
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Deer 
Red deer were originally liberated at Mt Edgecumbe, Wai- 

mana Gorge, Galatea, Te Whaiti and Lake Waikaremoana, be- 
tween 1885 and 1923 (Logan and Harris, 1967). Sarnbur arid 
Javan rusa deer are present in the Horomanga and Whaka- 
tane Valleys, following liberations in those areas (McKinnon 
and Coughlan, 1962). The current distribution of deer (see 
Fig. 2 )  includes all three species mentioned, as segregation 
of their pellets was not possible. Deer numbers are showil 
to be low in the Waiotahi, lower Waioeka and Waimana catch- 
ments in the north-eastern forest a,rea, and in the Horomanga 
in the west. Over the remainder of the northern Urewera 
forests, deer densities are similar, except in the Waiawa catch- 
ment and the Kah~katea Range, where numbers appear to be 
higher than elsewhere. 

The present distribution of deer appears to be the result 
of their rate of spread from liberations combined with the 
effect of recent control cperations. Early observation and the 
present forest composition indicate deer have spread from 
the southern and western liberations in a north-eastern direc- 
tion through the forests. Hunting by the N.Z. Forest Service 
has considerably reduced deer numbers in the Horomanga 
catchment. Since 1961 the hunting effort has been expanded 
to encompass the remaining forest area, but deer numbers 
have not been reduced to the same extent. 

Opossums 

There have been many liberations of cjpossums in the region 
between 1898 and 1946, 15 documented (Pracy, 1962) and at 
least six others suspected, being of an "unofficial" nature. 
The mesent distribution of oDossums. based on their   el let 
freq6encies, is shown in Fig. 5 together with the documented 
liberation points. The determination of their distribution by 
pellets was supported by systematic observation of opossum 
browsing intensity on their preferred shrub hardwood species 
growing along the banks of the main streams. Highest opos- 
sum numbers occur in the northern and eastern parts of the 
Waioeka, and the upper Waimana, Whakatane and Horo- 
manga catchments. Little sign was recorded in the lower Wai- 
mana catchment. The present pattern of opossum numbers 
indicates four broad directions of spread from the liberation 
points. The Horomanga and western Whakatane catchments 
have been occupied by the Galatea and Te Whaiti liberations, 
the eastern Whakatane and upper Waimana from Te Wai-iti 
and possibly Lake Waikaremoana, the Waioeka headwaters 
from Koranga and the lcwer Waioeka from Omakura. The 
large area of high opossum numbers in the Whakatane catch- 
ment suggests that the western populations are more success- 
ful than those in the Waioeka catchment, even though they 
were liberated at the same time. The only obvious difference 
between the Whakatane and Waioeka populations that may 
account for the poor perform-nce of the latter is that it 
comprises mainly grey opossums, with blacks occupying other 
areas. 
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F I G .  3: Distribution of oposslums. 

Other Animals 
Wild pigs are present in low numbers, except for slightly 

higher levels in northern areas and along forest-scrubland 
margins. Goats were once common in the eastern Waioeka 

1 catchment but have now been almost eliminated by shooting. 
Sign of wild cattle was seen only on top of the Kahikatea 
Range. 
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ANIMAL EFFECTS ON THE FORESTS 

The first published reference to animal damage in the 
Urewera forests (McKelvey, 1959) drew attention to the 
severe depletion of the forests by red deer. At the time the 
observations were made, the effects of deer were obvious; 
they were numerous and the forest understorey was open. 
With a decline of deer numbers over the past decade, condi- 
tions have changed. A new understorey is developing, with 
the common plants being more browse-resistant and of lower 
palatability. Already some sites are well stocked by less pre- 
ferred plants, although there are others still abnormally 
open. 

The deleterious effects of the animals on the forests are 
now more difficult to assess than when conditions were uni- 
formly poor. Following an objective determination of the 
current animal density distributions, our main aim was then 
to relate these to the composition and degree of modifica- 
tion of the new forest understorey and the adequacy of ad- 
vance growth to provide a reasonably stocked forest cover in 
the future. 

The patterns of modification were measured by the point 
centred quarter method (Cottam and Curtis, 1956). This gives 
estimates of plant density and frequency from distances 
measured from sample points to the nearest plant in each 
quarter around the point. Over 3,000 points were estabdished 
at one chain intervals along randomly located sampling lines. 
To determine the adequacy of advance growth, 80 ci-cular 
variable-area plots were established in podocarp-hard wood 
forest in the Horomanga catchment and 60 plots in red-silver 
beech forest on the Huiarau Range. All woody plant diameters 
(and seedling heights) were measured. Forest structure and 
composition measured on the Huiarau Range is compared 
with data from 60 similar plots established in weakly modi- 
fied beech forest on the Raukumara Range. The same type of 
comparison is made between podocarp-hardwood forest in 
the Horomanga catchment and data from a permanent Forest 
Research Institute indigenous forest transect established on 
the Mamaku plateau in 1957. 

One of the more noticeable results obtained in terms of 
forest modification was the relatively low (6-2096) numbers 
of highly preferred plants in all forest types. Shrub hard- 
wood forest has the greatest proportion of preferred plants, 
this being expected as here they are the canopy species. 
Figure 4 shows the frequency of highly preferred species over 
most of the area in comparison with the north-eastern forest 
areas (lower Waimana, Waiotahi and lower Waioeka catch- 
ments), the latter having been occupied by deer only in more 
recent years and where numbers are still very low. If these 
northern areas are used as a guide to what the understorey 
was like before animals were introduced, we can assume that 
preferred plants once comprised at least 20 to 30% of the 
understoreys in comparison with 8 to 10% over most of the 
region at the present time. Despite their low frequency, they 
probably still form a large portion of the diet of deer and 
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F I G .  4: Frequency of highly preferred woody species, comparing norfh- 
eastern forest areas with other areas. 

opossums, especially in the summer and autumn following 
germination in the previous spring. Every year these seed- 
lings appear, but disappear before they exceed 0.3 m in height. 
Even in the absence of animals there would probably be seed- 
ling losses with normal mortality, but many would survive. 
In the future, it appears animal-preferred species will be an 
ever-decreasing component of these forests. 

To demonstrate the effect of browsing animals on advance 
growth stockings in Horomanga podocarp-hardwood and 
Huiarau Range beech forests, Fig. 5 illustrates recorded 
densities of advance growth between 0.3 and 1.5 m high and 
in cm diameter classes for larger saplings and trees. The re- 
sults are given against comparisons with stockings from forest 
types similar in structure and composition on the Raukumara 
Range and the northern Mamaku plateau. The diagrams show 
that there have been heavier losses to Urewera advance growth 
species in the 1.5 and 3.5 cm diameter classes than to those 
at present within browse range (i.e., between 0.3 and 1.5 m 
high). The 1.5 and 3.5 cm tree classes sampled in the Urewera 
podocarp-hardwood at present are obviously understocked 
but on growing into the 6.5 cm diameter class will reassume 
normal stocking, provided further mortality does not occur. 
The same understocking appears in the 1.5 and 3.5 cm classes 
in Urewera beech forest, but the residual stems must progress 
on to 11.5 cm diameter class before normal stocking is 
achieved. In the case of Urewera beech forest, the present 
density of advance growth within the browse range of deer 
would appear to be barely adequate for sustaining reason- 
ably stocked larger size classes in the future, provided they 
are not subjected to excessive mortality. In the Horomanga 
podocarp-hardwood forest, the present advance growth in 
browse range is inadequate to fully stock the next size class 
to an unmodified forest density level. 

Deer are considered to  be the main cause of the under- 
storey differences between the northern Urewera forests and 
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the other forest areas illustrated. The species removed are 
all highly preferred, and include the advance growth species 
pate, broadleaf, kamahi, pigeonwood, red matipo and mahoe. 
The reduction in advance growth densities appears to have 
been more marked in size classes that have now passed 
beyond the browse range of deer. The present advance growth 
densities within browse range do not appear to be depressed 
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as heavily as they were in the past. This may be due to 
either a decline in deer numbers or the invasion of less pre- 
ferred advance growth species such as tawa, red beech, silver 
beech, rewarewa and podocarps into the niche created by the 
removal of highly preferred species, or a combination of both. 
This invasion of less preferred species appears to be more 
marked in the northern Urewera beech forests than in podo- 
carp-hardwood forests. More advanced stages of beech forest 
recovery in areas that received peak deer densities earlier 
than the northern Urewera have been observed by Elder 
(1958, 1962) in the Kaweka and Kaimanawa Ranges and James 
and Wallis (1969) in the southern Ureweras. 

Reduction of browse-preferred plants and advance growth 
densities now immediately beyond browse range appear to be 
the two main effects of introduced animals on the under 
storeys of the main forcst types, with the exception of scrub 
hardwood forest. In the latter, a breakdown of understorey 
plant stockings under different degrees of forest canopy cover 
as given in Fig. 6 reveals unsatisfactory conditions. In the 
other forest types, the expected pattern of high woody plant 
densities under open canopies is followed. In scrub hardwood 
forest, however, this pattern is reversed, that is, the density 
of woody plants is lowest in open canopy conditions. 

Shrub hardwood forest usually grows on sites where the 
original vegetation cover has been removed by erosion or 
burning. Consequently the type is typically even-aged with 
few species dominant at any particular site. The canopy is 
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F I G .  6 :  Density of woody and non-woody plants between 0.15 and 1.5m 
high in broad forest type and shade categories. 
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normally dense and the understorey open. If the site remains 
stable, it is slowly invaded and eventually suppressed by podo- 
carps, major hardwoods or beech species. Otherwise, another 
mass movement occurs and the site is once again re-colonized 
by shrub hardwood species. Assessments of opossum browsing 
intensity show that in areas on the distribution map where 
opossum numbers are high to very high, 86% of fuchsia, 55% 
wineberry, 45% lacebark and 32% of kamahi trees are killed. 
These species form a large proportion of shrub hardwood 
forest and, when they are killed, only isolated trees of mahoe, 
kanuka, putaputaweta and lemonwood remain. The destruc- 
tion of shrub hardwood canopies is rapid and podocarp-hard- 
wood or beech species present have no chance to form another 
canopy. Instead, quick-growing grass and fern species assume 
dominance. These non-woody species form a complete ground 
cover but do not appear to be as effective as trees in pre- 
venting erosion. 

Modification and opening up of shrub hardwood forest by 
opossums appears to be a major problem affecting forest 
condition in the Ureweras. There are few signs that indicate 
woody species will replace the fern and grass swards now 
establishing on shrub hardwood sites. Shrub hardwood 
species do not usually re-establish unless the other plants are 
removed by erosion or flooding. If they do, they are pre- 
ferred by deer. On sites where the surface soil is not exposed, 
it appears that tree ferns will eventually form a canopy. At 
this point the resumption of the transition process to a tree 
cover may take place. However, there is ample evidence that 
many sites formerly occupied by shrub hardwmd forest will 
be more susceptible to mass movements until a tree cover 
is re-established. 

EROSION PHENOMENA 

Over the past decade, the amount of fresh erosion, particu- 
larly mass movements, has led to concern that introduced 
animals are adversely affecting the stability of the upper 
Waioeka and Whakatane catchments. The principal types of 
erosion present in the upper catchments have been examined: 
mass movements, stream bank erosion and surface elosion. 

Mass Movements 

The most noticeable form of mass movement in the Ure- 
wera is the large slip, correctly termed a debris avalanche 
(Sharpe, 1960). The movement is usually initiated by slippage 
on high slopes, caused by torrential rains increasing the 
weight of soil and vegetation and reducing the internal fric- 
tion of the soil body. Once begun, the movement develops into 
a slide proceeding in a narrow track to the valley floor. Most 
new debris avalanches have been noted during or following 
the exceptional storms of the past decade, and have occurred 
mainly on the Kahikatea Range, Ikawhenua Range and upper 
Waioeka catchment where slopes are steeper than elsewhere 
in the Ureweras. The avalanche track is confined to a slope 
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depression, seldom more than 60 m wide, that acts as a wdter 
channel during heavy i-air, storms. The average slope of 56 
debris avalanche tracks measured in the Waioeka catchment 
is 45". Slipping tends to occur more on northern aspects, with 
68% of 313 debris avalanches in this situation being observed 
in the Waioeka and Wa~mana catchments. 

When slipping occurs on upper slopes, the layers of young, 
sandy, volcanic ash are ~emoved, exposing a weathered sandy 
clay layer (Waiohau Ash). In contrast, the slope failure on 
lower slopes tends to occur within loose redeposited layers 
of greywacke rock and volcanic ash. At the margins of 
avalanche tracks observed, the depth of tree roots was well 
above the failure zone. On the basis of the observations made, 
the principal cause of debris avalanches is assumed to be a 
loss of internal frictional resistance in unconsolidated volcanic 
ash layers following saturation by torrential rainstorms. The 
internal process is probably aided by the steep slopes, heavy 
vegetation cover, windthrow and the semi-impermeable sub- 
soils, either singly or in combination. 

Stream Bank Evosion 

Together with an increased frequency of debris avalanches, 
there has been an equally noticeable deterioration in the 
condition of stream channels. In many parts of the region, 
fresh deposits of shingle and logs have formed broad, un- 
stable stream channels that cause above-average water flows 
to erode stream banks. This in turn causes mass movements 
to occur from over-steepening by removal of the base support 
of lower slopes. 

Opossums would appear to be contributing indirectly to an 
<ion. increase in the incidence of stream and river bank ero.,' 

These stream banks are normally covered by scrub hardwood 
forest that, in most circumstances, protects the unstable rock 
and soil deposits from less extreme floodwater discharges. 
The mfluence of opossums on shrub hardwood forest has 
already been described. The new grass and fern communities 
that Lake over once the shrub hardwood trees have gone, do 
not seem to be effective in preventing erosion, even though 
they may provide a complete vegetation cover. In the Whaka- 
tane and Horomanga catchments, the severity of stream bank 
erosion follows the pattern of opossum numbers closely. This 
relationship is not so clear in the Waioeka River where re- 
cent floodwater discharges have been so severe that most 
stream banks would be eroded, regardless of the type of pro- 
tective cover that may be available. 

Surface Erosion 

The amount of surface erosion under forest on different 
sites and any relationships with animal densities was exam- 
i,ed in the Horomanga and Whakatane catchments. To obtain 
this information, ground cover below 15 cm was recorded in 
four classes from 40 point samples at every forest plot: vege- 
tation, litter, exposed soil and rock. Exposed soil is considered 
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the best indication of surface erosion as the presence of ex- 
posed rocks is related to toaography and site. Vegetation and 
litter cover is important hydrologically but low values of 
either do not indicate surface erosion, as their presence is 
controlled primarily by topography and tree canopy density. 
Higher exposed soil values (14-15% occurrence at points 
sampled) were obtained on upper slopes, northern aspects 
and in gullies and shrub hardwood forest than elsewhere 
(7-62%). The higher exposed soil values in gullies and scrub 
hardwood forest are considered to be the often observed 
accumulations of soil washed from higher sites where there 
are indications of a higher rate of surface erosion. These 
higher and north-facing sites also carried higher densities of 
deer pellets, but we are hesitant about suggesting any simple 
relationship on this evidence only. While instances of sur- 
face erosion caused by deer are recognizable, the areas affect- 
ed are too small to be recorded by total catchment sampling, 
and no regional correlation could be cbtained between deer 
numbers and exposed soil values. 

Revegetation of E ~ o d e d  Suvfaces 

The influence of animals on plants revegetating erosion 
scars up to the shrub hardwood phase has been assessed at 
56 sites where debris avalanches had once occurred. Plant 
species and animal pellet frequencies at each site were 
measured and the vegetation data separated into 10 plant 
communities bv a numerical techniaue. When these com- 
munities-are arknged in order of increasing opossum density, 
some characteristic trends in species composition are evident. 
Figure 7 shows the frequency of Uncinia and Cayex spp., Dick- 
sonia spp, and some shrub 'hardwood species (wineberry, 

Frequency o f  Occurrence of Opossum Pel lets 

Browse p r e f e r r e d  Unc in ia  spp. C] Dicksonia spp. 

Woody p l a n t s  

FIG. 7: Frequency o f  selected plants in communities revegetating erosion 
surfaces arranged in order of increasing opossum population density. 
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fuchsia, rangiora, hange hange, kamahi) between 0.15 m and 
1.5 m high for six communities along a gradient of increasing 
opossum frequency. These show the same net result de- 
scribed earlier for opossum effects on sl~rub hardwood forest: 
the ferns and grasses become more frequent with higher 
opossum densities, and the preferred shrub hardwood species 
become less frequent. No relationships between deer densities 
and plant composition could be established. 

This indicates opossums exert the major deleterious in- 
fluence on the successf~~l establishment of young native trees 
on to erosion scars, but the effects of deer cannot be easily 
dismissed. Their activity in combination with opossums 
causes far more damage than the effects of opossums alone. 
Both animals appear to compete for food on open areas, and 
on plants below 1.5 m high their browsing is often insepar- 
able. However, where opossums are absent or present in low 
numbers, deer have not prevented shrub hardwood plants 
from establishing in many areas and it would appear that 
their growth is often too rapid for deer to halt. In areas 
where both deer and opossums are numerous, few young 
shrub hardwood trees can be found. 

DISCUSSION 

In assessing the effects of deer and opossums on forest and, 
in turn, catchment conditions, it is their combined action 
that causes greater concern than either animal alone. Where 
they occur together, their interactions are both mutually bene- 
ficial and competitive. Deer may have assisted the initial 
spread of opossums into the Urewera by depleting the under- 
storeys. Opossums, by defoliating forest canopies, shrub hard- 
wood forest in particular, allow more light into the under- 
storeys, increasing the bulk of plant material within ,deer 
browsing height. However, it appears that, once both animals 
have been established together for some time, they compete 
for food within the understorey and on open areas. 

These assessments have shown that, in terms of forest con- 
dition, the most unsatisfactory trends are taking place in 
shrub hardwood forests, owing primarily to the effects of 
opossums where their numbers are high. Earlier observations 
in the Urewera forests have emphasized deer damage, but 
over the past ten years their numbers have declined or been 
reduced and the effects of opossums are more noticeable. 
This evidence of more pronounced deer damage in the past 
is illustrated in the more depleted advance growth stockings 
immediately beyond browse range. That present advance 
growth stockings indicate an upward trend in podocarp- 
hardwood forest and adequate levels in beech forest requires 
further investigation through continuous inventory of the 
plant and animal populations. 

The interpretation of changes that animals have caused has 
been considerably assisted by the regional differences in their 
use of the forests. In the near future these regional differences 
will disappear, making prediction of future forest changes 
more difficult. From the evidence available, it appears in- 
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evitable that the undesirable opossum-induced changes tak- 
ing place in shrub hardwood forest will follow the expansion 
of opossum populations into the lower Whakatane and Wai- 
mana catchments. If opossum numbers are reduced or de- 
cline after depletion of their preferred plants, some regrowth 
of shrub hardwood species may be possible. 

No clear relationships have been established between intro- 
duced animals and surface erosion or debris avaianches. In 
the case of the latter in particular, it is assumed that these 
forms of erosion are normal and unaccelerated geomorphic 
processes. Opossums, however, would appear to have in- 
creased the prospects of stream bank erosion by changing the 
tree-lined stream banks and gullies to fern and grass swards. 
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