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Abstract: This study uses data from repeatedly measured forest monitoring plots (20 x 20 m) (» = 32) and nine
ungulate exclosures (paired fenced and unfenced plots; 20 x 20 m) to show the effects of introduced ungulates
on tree regeneration in Pureora Forest Park, central North Island, between 1974 and 2002. Results show that
introduced ungulates, particularly red deer (Cervus elaphus scoticus), have suppressed the regeneration of
hardwood species such as Coprosma grandifolia, Elaeocarpus dentatus, Griselinia littoralis, Melicytus ramiflorus,
Schefflera digitata and Weinmannia racemosa. These species were only common as saplings and small trees in
the complete absence of ungulate browsing. The results of this study suggest that red deer will need to be culled
to low densities to assure regeneration of palatable tree species in Pureora Forest.
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Introduction

Many studies have shown that ungulates can modify
the composition of temperate forest understoreys
(for reviews see Gill 1992; Russell et al. 2001). In
comparison, studies relating ungulate impacts to
changes in species composition of forest overstoreys
are surprisingly rare (Bradshaw et al. 2003; for the
present study understorey is defined as consisting of
trees <2 cm dbh (diameter at breast height) and the
overstorey consisting of trees >2 cm dbh). In New
Zealand forests, indigenous avian herbivores have
largely been replaced by a suite of recently introduced
mammalian herbivores (Atkinson & Greenwood 1989),
and the responses of plant communities to this new
form of herbivory are still occurring (Holloway 1950;
Bellingham & Allan 2003). These responses are highly
variable and idiosyncratic at a variety of temporal
and spatial scales (Wardle 2002), so knowledge of the
influence of herbivory on plant species composition
over several decades is needed to understand forest
dynamics in New Zealand (Bellingham et al. 2000).
When indigenous herbivores are replaced by several
species of introduced herbivore, relationships are
even more complex as different herbivore species can
have different impacts (Husheer et al. 2006a), and
multi-species pest management becomes increasingly
important (Simberloff 1998; Forsyth et al. 2000).
Throughout New Zealand, five common
broadleaved, hardwood species (Griselinia littoralis,

Melicytus ramiflorus, Pseudopanax arboreus,Schefflera
digitata and Weinmannia racemosa; nomenclature
follows Parsons et al. 1995) are always palatable to
red deer (Cervus elaphus scoticus) and goats (Capra
hircus; Forsyth etal. 2002). Exclosure plot studies have
shown that deer and goat browsing reduces the density
of these five species in forest understoreys (Allen et
al. 1984; Stewart & Burrows 1989; Smale et al. 1995;
Wardle et al. 2001). The present study uses data from
32 permanent forest monitoring plots and nine pairs of
fenced and unfenced exclosure plots to relate effects of
ungulates in northern Pureora Forest Park, central North
Island, New Zealand (Fig. 1; 17 380 ha; 38°S, 175°E).
The study’s objective was to determine if reductions
in the density of introduced browsers in the past three
decades have reduced or reversed their effects on
forest regeneration. Alternatively, ungulate browsing
may have permanently prevented the regeneration of
palatable species by inducing a dense layer of browse-
resistant plants (Coomes et al. 2003a). In this case even
the complete removal of browsing would not lead to an
increase in the density of palatable plants. If culling of
ungulates has been successful there should be increased
densities of deer- and goat-palatable species, such
as the five listed above, in both the understorey and
overstorey of affected forests.
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Figure 1. Map of northern Pureora Forest
Park showing nine permanent-plot lines and
nine paired exclosure plots.
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Methods

Study area description

Northern Pureora Forest Park is dominated by
indigenous, podocarp-tawa-kamahi forest
(Podocarpaceae — Beilschmiedia tawa — Weinmannia
racemosa; Wardle 1991). Limited logging of podocarps,
especially Dacrydium cupressinum, occurred on the
flatter, more accessible periphery ofthe study area until
1978. Unlogged forests dominate the steeper, higher
altitude Rangitoto Range in the centre of the study area,
where stands of emergent podocarps (D. cupressinum,
Podocarpus hallii, Prumnopitys ferruginea, P. taxifolia)
give way to lower-stature stands dominated more by
B. tawa and W. racemosa, particularly over 600 m.
Soils are derived from ignimbrite from the Taupo
volcanic eruption (c. 1800 years BP; Wilson 1993),
which destroyed most of the forest. Annual rainfall

is likely to be in excess of 1770 mm (New Zealand
Meteorological Service 1973).

Four species of introduced herbivore were present
in northern Pureora Forest Park when this study was
initiated in 1974. Feral pigs (Sus scrofa) and goats
had been present for over five decades and brushtail
possums (7richosurus vulpecula) and red deer probably
colonised in the 1960s (Wodzicki 1950; Elder 1956;
New Zealand Forest Service 1981; Broome & Clegg
1990; Sweetapple & Fraser 1997; Cowan 1990). This
makes Pureora Forest one of the last large tracts of
indigenous forest in the central North Island to be
colonised by brushtail possums and red deer. There may
have been insufficient time between colonisation and
the onsetofaperiod of intensive commercial hunting in
the 1970s for red deer and brushtail possum populations
to reach an irruptive peak (Caughley 1983). This may
have limited the effects of introduced herbivores on
forest dynamics, in comparison with other forests.
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Frequency of deer faecal pellet occurrence on
monitoring transects in 1975 and 1990 was 10% and
11% respectively in 114-cm-radius subplots spaced at
20-m intervals on transects (Broome & Clegg 1990).
This suggests that the red deer population did not
undergo large changes in density during this time.
Although densities would have fluctuated, red deer have
probably ranged in density between 2 and 5 deer per
square kilometre in Pureora Forest over the last three
decades (Nugentetal. 1997; Sweetapple & Fraser 1997).
Intensive aerial and ground-based brushtail possum
culling was progressively implemented from 1987,
and by 1993 the entire area had been treated at least
once (Moorcroft et al. 2000; Moorhouse et al. 2003).
Culling of remaining goat and pig populations was
initiated in 1981, quickly reducing densities of both of
these species to very low levels (<1 animal km™2; New
Zealand Forest Service 1981; Clegg 1987). Since the
introduction of the Pureora Recreational Hunting Area
in 1981, recreational hunting has been encouraged and
commercial hunting has not been permitted.

Sampling approach

Methods used to establish paired fenced and unfenced
plots atnine sites and 32 unfenced permanent monitoring
plots in this study followed a protocol used by the
New Zealand Forest Service to establish a network of
permanent plots (20 x 20 m) throughout New Zealand
in the late 1970s and early 1980s (Allen 1993). Data
for Pureora Forest measurements have been stored in
the National Vegetation Survey databank (Wiser et
al. 2001).

Paired unfenced and fenced plots (20 x 20 m)
were established between January and March 1984
(540-940ma.s.l.),and were remeasured in four surveys:
in February 1986; May—July 1989; January—March
1993; and most recently between November 2001 and
January 2003. Fences surrounding one of the paired
plots at each of the nine sites were designed to exclude
deer and goats, while at most only deterring the access
of smaller browsers (<30 cm high) such as brushtail
possums and pigs. Paired-plots were subjectively
located at sites that: (1) field staff considered were
generally representative of canopy gaps, (2) appeared
to have high levels of ungulate browsing, and (3)
where two similar paired-plots could be established,
and one of the pair then selected for ease of fencing to
exclude goats and deer. Exclosure plot measurements
are referred to hereafter as the 1984, 1986, 1989, 1993
and 2002 paired-plot surveys.

To provide a representative sample of changes
in forest composition and structure, 32 permanent
plots (20 x 20 m) were located systematically at 200-
m intervals on nine lines. These lines originated at
randomly selected points along watercourses and ran
to nearest ridge-tops, providing arange of plot altitudes

(360-960m). Plotestablishment occurred over 3 months
commencing in November 1974. Plots were remeasured
in four following surveys between November 1981 and
January 1982, February and March 1986, January and
March 1993, and most recently between November
2001 and February 2003. Enumerations are referred
to hereafter as the 1975, 1981, 1986, 1993 and 2002
permanent-plot surveys.

Plot measurement procedures

To measure overstorey composition in each permanent
plot, all stems for each tree species (>5 cm dbh in
permanent plots, >2 cm dbh in paired-plots) were
identified, tagged, and the diameter over bark at
breast height (135 cm) measured. To measure forest
understorey composition, 24 circular subplots (49-cm
radius) were systematically located according to Allen
(1993) within each plot. All established woody seedlings
(15—-135 cm high) were identified and counted in each
of the subplots. All saplings (>135 cm high, <2 cm
dbh) were counted and identified. Only overstorey
measurements (tree diameters) were obtained from
the 1975 permanent-plot survey, and only understorey
(seedling and sapling) measurements for the 1986
permanent- and paired-plot surveys.

Data analysis

Analyses of seedling, sapling and tree stem densities
were undertaken on the 28 most common tree and
shrub species. These were species with mean stem
densities in any one paired-plot or permanent-plot
survey of either >1000 seedlings ha™!, >100 tree stems
or saplings ha™!, or with mean basal area > 1 m? ha™".
Plot basal area, tree stem and sapling densities in each
plot and seedling densities from 24 subplots in each
plot were summarised for each survey. Comparisons of
changes in mean densities over time were made using
repeated measures ANOVA in SYSTAT 10 (SPSS 2000).
Bonferoni corrections of P-values were applied when
repeated comparisons of individual species were made
(Sokal & Rohlf 1995). Detrended Correspondence
Analysis (DCA) scores for seedlings, saplings and
trees were calculated to summarise species composition
for all surveys. Mean scores were compared using
repeated measures ANOVA to test for changes in species
composition in bothunderstorey and overstorey. Results
are presented as mean + SE.

For paired-plots, the effects of time, fencing,
and their interactions on species composition were
analysed using a randomised permutation procedure
in Canonical Correspondence Analysis (CCA), using
default procedures in CANOCO 4.0 (ter Braak &
Smilauer 1998). Importance values were calculated
using densities for tree stems, saplings and seedlings.
A dummy variable was used for fencing (fenced = 1,
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unfenced=0). Because plots were repeatedly measured,
and fenced and unfenced plots were paired at nine
sites, a site-identifier variable was treated as a blocking
covariate to reduce unexplained variation in CCA.
Changes in seedling, sapling and tree stem densities of
individual species were tested using repeated measures
ANOVA. Species absent from most plots in 1984, but
common in fenced plots in 2002, confounded ANOvA,
so paired #-tests of differences in abundance between
fenced and unfenced plots in 2002 were employed.
Inconsistencies inthe recording of tree-tag data between
permanent-plot and paired-plot surveys were detected
during a thorough data-checking procedure. Therefore,
calculations of tree recruitment and mortality were not
undertaken. Inconsistent identification and counting of
tree ferns and other herbaceous plants between surveys
precluded the use of data from these species.

Results

Paired fenced and unfenced plots

Unfenced plots in 1984 and 2002 had similar CCA axis
1 sapling scores to fenced plots in 1984, confirming
baseline comparability. By 2002, fenced-plot sapling
scores increased substantially, while there was little
change in unfenced plots (Fig. 2). Analysis showed
that there were significant changes in sapling species
composition in paired deer exclosure plots from 1984
to 2002 (A = 0.16, F = 3.2, P = 0.005) that varied
significantly between fenced and unfenced plots (A =
0.16, F=5.4, P=0.005). Changes were mostly due to
increases in densities of six deer-palatable hardwood
species: Coprosma grandifolia, Elaeocarpus dentatus,
Griselinia littoralis, Melicytus ramiflorus, Sschefflera
digitata and Weinmannia racemosa in all nine of the
fenced plots.

There was no significant difference in the pooled
density of these six palatable species between fenced
and unfenced plots upon plot establishment in 1984
(pooled fenced 1984 = 36 + 17 vs unfenced 1984 =
44 + 21 saplings ha™!, paired-t3 = 0.2, P = 0.834). By
2002, the pooled density of these six species as saplings
had increased by an average of 20 times inside fenced
plots, along with increases in individual species, but
had not significantly changed in adjacent unfenced
plots (Table 1; pooled fenced 2002 = 717 £ 64 vs
unfenced 2002 = 63 + 28 saplings ha™!, paired-t3 =
12.7, P <0.001).

This was related to an increase in the number of
sapling species present inside fenced plots. The mean
number of sapling species present was not significantly
different between fenced and unfenced plots in 1984
(fenced = 5.8 £ 1.4 vs unfenced = 6.0 £ 1.1; paired-zg
= 0.2, P = 0.813). By 2002, the mean number of
sapling species was significantly higher in fenced plots
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Figure 2. Sapling (>135 cm high, <2 cm dbh) Canonical
Correspondence Analysis ordination diagrams of (a) species
scores for the effects of year and fencing and their interactions
(year x fencing) on species composition and (b) plot scores
from 1984 and 2002 from paired fenced and unfenced plots
at nine sites. Individual fenced plots are linked between
1984 (o) and 2002 (e). There is no score for the fenced plot
at site nine in 1984, due to an absence of saplings. Species
names are: Alseuosmia macrophylla, Aristotelia serrata,
Beilschmiedia tawa, Coprosma foetidissima, C. grandifolia,
C. rhamnoides, C. tayloriae, Dacrycarpus dacrydioides,
Dacrydium cupressinum, Elaeocarpus dentatus, Griselinia
littoralis, Melicytus ramiflorus, Myrsine salicina, Prumnopitys

ferruginea, P. taxifolia, Pseudowintera axillaris, P. colorata,

Quintinia serrata, Raukaua anomalus, Schefflera digitata and
Weinmannia racemosa.
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Table 1. Mean sapling densities (saplings ha™! = SE) in 1984 and 2002 with Bonferoni-corrected paired -tests of density
between fenced and unfenced plots in 2002 at nine sites, for six selected species. Total densities of the 26 most common

species and results of a paired #-test are also presented.

1984 2002

Species Fenced Unfenced Fenced Unfenced 13 P

Coprosma grandifolia 3+3 0 286 + 51 3+3 5.7 <0.001
Elaeocarpus dentatus 3+£3 3+£3 42 £ 16 3+£3 2.8 0.023
Griselinia littoralis 0 8+6 67 £ 27 66 2.6 0.032
Melicytus ramiflorus 3+3 0 69 + 25 11+4 2.6 0.032
Schefflera digitata 3+£3 0 86 + 26 3+£3 33 0.011
Weinmannia racemosa 25 + 14 22+9 167 + 46 39+ 24 4.0 0.004
Total 514 £ 122 536 + 110 1444 + 251 853 + 197 5.0 0.001

compared with unfenced plots (fenced = 10.7 £ 1.3 vs
unfenced = 7.0 £ 0.9; paired-tg = 5.4, P < 0.001).

The combined density of saplings of all of the
26 common tree and shrub species in paired-plots
nearly trebled in fenced plots, while changing little
in adjacent unfenced plots. This overall increase was
largely due to the changes observed in the six most
palatable species. When examined individually using
Bonferoni-corrected repeated measure ANovas, the other
20 common tree and shrub species present as saplings
did not vary significantly in density between the fenced
and unfenced plots in 2002 (P > 0.104).

Changes in overstorey species composition also
varied significantly between fenced and unfenced plots
between 1984 and 2002 (A =0.12, F=2.7, P=0.005).
In fenced plots, mean Coprosma grandifolia tree stem
density increased by an average of 126 times (/1 =
4.1, P = 0.037), Schefflera digitata 22 times (I, 16 =
3.7. P = 0.047) and Weinmannia racemosa by 27%
(F2,16 = 8.0, P = 0.004) between 1984 and 2002. In
adjacent unfenced plots there was no change in stem

density of C. grandifolia, a doubling of S. digitata
density, and a22% decline in W. racemosa stem density.
These changes contributed to a doubling of tree stem
density in fenced plots when data from all of the 23
species found as trees in fenced and unfenced plots
were pooled, compared to significantly less change in
unfenced plots (F,,16 = 7.3, P = 0.006). In contrast to
trees and saplings, CCA showed no significant effect
of time or fencing, or their interactions, on seedling
species composition (P > 0.270).

Permanent plots

Four of the 28 common species found in northern
Pureora Forest Park showed significant changes in
tree density between the initiation of permanent-plot
establishment in November 1974 and completion of
the final survey in February 2003 (Table 2), while the
remaining 24 species showed no significant change
in ANovA analysis (P > 0.441). The most abundant
tree species, Beilschmiedia tawa, steadily increased
in density between 1975 and 2002 surveys by 34%.

Table 2. Mean tree stem densities in 1975 and 2002 (>5 cm dbh; stems ha™! + SE), sapling densities in 2002 (>135 cm high,
<2 c¢m dbh; saplings ha! = SE) and seedling densities in 2002 (15-135 cm high; seedlings ha™' + SE) in 32 plots in Pureora
Forest Park. Results of a series of repeated measures ANOVAs comparing tree densities between surveys of 1975, 1981, 1993

and 2002 are also displayed.

Trees 1975 Trees 2002 Saplings 2002 Seedlings 2002 F3,93 P

Palatable

Melicytus ramiflorus 129 + 29 127 £ 27 3+1 260 + 93 3.5 0.494
Weinmannia racemosa 175 + 29 102 + 26 22 £ 11 399 + 200 13.0 <0.001
Unpalatable

Beilschmiedia tawa 231 + 47 310 + 59 806 + 156 5677 + 1080 13.7 <0.001
Hedycarya arborea 91 + 32 131 + 38 144 + 50 1580 + 445 3.0 0.936
Pseudowintera colorata 152 + 78 237 + 93 328 + 133 3611 + 1244 1.3 1.000
Quintinia serrata 120 + 54 85 + 42 20 + 14 399 + 348 6.1 0.026
All species 1332 £ 110 1528 £+ 130 2323 £ 278 27743 + 2862 5.0 0.003
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Although Prumnopitys ferruginea (2002 = 38 = 16
tree stems ha™', 0.7 + 0.3 m? ha™") increased in density
by 63% between surveys (F3 93 = 6.2, P = 0.026), it
had far lower tree density and basal area in 2002 than
other common species such as Hedycarya arborea
(1.7 £ 0.5 m? ha™"), Melicytus ramiflorus (2.3 + 0.6 m?
ha™"), Pseudowintera colorata (1.1 £ 0.5 m?> ha™") or
Weinmannia racemosa (1.7 + 0.4 m?> ha™"). There was
a42% decline in the tree stem density of W. racemosa,
particularly since 1981, and Quintinia serrata declined
instem density by 29%. Increases in Beilschmiedia tawa
and Prumnopitys ferruginea stem density contributed
to an overall increase in tree stem density of 15% for
all 58 tree species recorded in the overstorey between
1975 and 2002 surveys. Dacrydium cupressinum (34
+ 26 stems ha™!, 3.7 + 1.9 m? ha™"), Dacrycarpus
dacrydioides (10 = 7 stems ha™!, 1.1 + 1.0 m?> ha™}),
Elaeocarpus dentatus (44 + 10 stems ha™', 2.8 &
0.9 m? ha™!) and Prumnopitys taxifolia (15 + 11 stems
ha™', 2.2 + 1.5 m? ha™') were also important in terms
of basal area in 2002 (total of all 28 common species
=38.6 + 3.3 m*> ha™!), but did not change in density
between surveys (P = 1.000).

Three tree species (Beilschmiedia tawa, Hedycarya
arborea and Pseudowintera colorata) known to be
unpalatable to deer (Nugent et al. 1997; Forsyth et
al. 2002), with high tree stem densities in 2002, had
clear signs of successful regeneration. These three
species had much higher seedling and sapling densities
than tree stem densities, which would allow for stem
mortality as cohorts age (Table 2). In contrast, two
other species (Melicytus ramiflorus and Weinmannia
racemosa) that are palatable to deer and one species
generally avoided by deer (Quintinia serrata; Forsyth
et al. 2002) had low seedling densities, and very low
sapling densities, in comparison with their respective
tree stem densities.

There was little overall change in understorey
species composition between 1981 and 2002. Overall
sapling density of all 60 tree and shrub species present
as saplings did not vary significantly between 1975 and
2002. The only species with significant change was
Prumnopitys ferruginea, which declined by 66% in
sapling density between 1975 and 2002 (2002=35+12
saplingsha™'+ SE; F3 93=8.7,P=0.001). In the seedling
tier Beilschmiedia tawa increased by 53% in seedling
density between 1975 and 2002. This contributed to
an overall 64% increase in seedling density of all 80
tree and shrub species that were recorded as seedlings
in permanent plots.

Discussion

Despite intensive goat culling and recreational deer
hunting over the past three decades there has been little
change innorthern Pureora Forest Park forest understory
and overstorey species composition between 1974 and
2003. In contrast, within fenced deer and goat exclosure
plots located in canopy gaps, there were large, rapid and
consistent increases in the density of saplings and trees of
highly palatable species such as Coprosma grandifolia,
Elaeocarpus dentatus, Griselinia littoralis, Melicytus
ramiflorus, Schefflera digitata and Weinmannia
racemosa. This was not observed in adjacent unfenced
plots, providing strong evidence that the intensity
of ungulate browsing at Pureora Forest during this
study has been sufficient to favour recruitment of
unpalatable tree species. Comparisons of size class
structures between common palatable and unpalatable
species in permanent plots supports evidence from the
exclosure plots of suppressed regeneration of palatable
tree species. Results from this study contrast with other
exclosure plot studies in New Zealand, which have
shown less change in overstorey composition despite
increases in palatable seedling density (e.g. Allen et al.
1984; Bellingham & Allan 2003; but see Husheer et
al. 2005). The increase in sapling and tree density of
palatable species was so rapid in fenced plots that any
initial change in seedling composition was not observed.
Ongoing changes in seedling composition appear to
have been suppressed within fenced plots, most likely
due to competition from large-leaved shade-tolerant
palatable saplings and trees in canopy gaps.

Red deer are most likely to be responsible for the
suppression of palatable tree recruitment in Pureora
Forest, because unlike other ungulates present, red
deer were not substantially reduced in density during
the study. It is unlikely that feral goat or pig browsing
had a major influence on results because intensive
culling throughout the study reduced pig populations,
and nearly eliminated goats from northern Pureora
Forest Park (Clegg 1987; Broome & Clegg 1990).
Brushtail possums and pigs could also access fenced
plots, so if their impacts were significant there should
have been no differences observed between fenced
and unfenced plots.

The substantial influence of deer on overstorey
forest composition is likely to have important effects
on Pureora Forest ecosystem processes. It is generally
accepted that palatable sub-canopy hardwood species
rely on fast growth to reach beyond the height where
ungulates can browse. Unpalatable species rely on
chemical and morphological defences such as thick
stems and high concentrations of foliar fibre to avoid
being eaten (Bond et al. 2004; Forsyth et al. 2005).
These defences can lower plant growth, so shifts towards
unpalatable plant species composition may result in
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lowered primary productivity (Grime 1979; Bryant et
al. 1983; Crawley 1997). Because canopy trees such as
Weinmannia racemosa account for asubstantial amount
of forest biomass and primary production, changes in
overstorey species composition towards slow-growing
chemically defended trees probably reduce forest
biomass as well as leaf and litterfall quality. This will
have important implications for invertebrate herbivores
and their avian and invertebrate predators, and will
influence soil nutrient cycling processes (Wardle et
al. 2001, 2002). Trees such as Coprosma grandifolia,
Elaeocarpus dentatus, Griselinia littoralis, Melicytus
ramiflorus and Schefflera digitata are also important
in the diet of kokako Callaeas cinerea (Leathwick
et al. 1983; Powlesland 1987) and New Zealand
pigeon Hemiphaga novaeseelandiae, and reduction
in food supplies could limit increases in folivorous
bird populations where they are not already limited
by predation (Meenken et al. 1994; Innes et al. 1999;
Basse 2003; Smith & Westbrooke 2004).

Culling of deer populations needs to be sensibly
implemented. Husheer and Frampton (2005) and
Husheer et al. (2005) showed that deer culling in New
Zealand has generally been unsuccessful in forests
because deer are usually not sustained at sufficiently
low levels to allow palatable plant regeneration for more
than a decade. In the Murchison Mountains, palatable
seedling densities doubled following intensive deer
culling over several decades, but even at low densities
deer appeared able to reduce seedling recruitment
above 135 cm high (Coomes et al. 2006). Coomes et
al. (2003b) showed that there has been a trend for small
deer-palatable trees (2—5 cm dbh) to decline in density
over the past two decades throughout New Zealand
despite a general decline in deer density during this
time, but it is unclear if ungulates can suppress canopy
tree regeneration at a regional scale (Bellingham
& Lee 2006; but see Husheer et al. 2006a). Even if
deer populations are eliminated for several decades,
palatable plant regeneration may not occur if deer
have allowed slow-growing, long-lived, unpalatable
plants (e.g. Blechnum discolor, Dicksonia squarrosa,
Beilschmiedia tawa and Pseudowintera colorata)
to dominate and competitively exclude palatable
species (Nugent et al. 2001). Establishment of highly
palatable plants can be prevented through a lack of
seed source, or long-term ecosystem-level changes
caused by dominance by unpalatable species (Coomes
et al. 2003a).

Conflicting with this argument of lack of response
to the removal of deer browsing is evidence from this
and several other studies of rapid increases in the density
ofhighly light- and nutrient-demanding palatable plants
once deer browsing is reduced through fencing or culling
(Jane & Pracy 1974; Husheer et al. 2003; Husheer &
Robertson 2005; Husheer et al. 2006b; but see Allen

et al. 1984; Bellingham & Allan 2003). Idiosyncratic
differences between sites may explain why there is
such large and unpredictable variation in the response
within New Zealand exclosure plots (Wardle et al.
2001). The rapid and consistent changes in overstorey
composition at Pureora following exclusion of deer
in fenced plots might be due to unique environmental
characteristics, such as disturbance and edaphic
processes. If mechanisms underpinning variability in
herbivore impacts are better understood, predictions of
forestresponses to the presence or culling of deer would
improve, and conclusions would be less speculative than
in this study. To better inform decision making, future
studies on the impacts of wild deer in New Zealand
should compare a series of forests with contrasting
management approaches and deer densities. This would
address inadequacies in the poorly replicated sampling
approach typically used in New Zealand, and help
resolve uncertainties identified in this study.
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