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Table 1. The effect of synchronization pattern on the serum progesterone concentration of the Formosan sambar does

P, concentrations in serum ng/ml

Treament(n)*
0 8 12 (day)
Control (3) 273 + 0.25" 2.82 +0.82" 2.26 = 1.02*
CIDR devices alone (9) 1.97 + 0.06™ 827 + 447" 6.15 = 1.66*
CIDR devices + eCG(10) 0.50 £ 0.24° 359 * 1.59" 091 + 0.25"*

*(CIDR)#%HIZ0BH. S8HEICCIDRZE$9 5. 12HHIZ250 IU eCG#%5T %,
CIDR device withdrawal=day 0, CIDR device replacement at day 8, eCG inject at day 12.a, b, c Mean = SD
within rows with different superscripts significantly differ (P < 0.05) A, B, C Mean % SD within column with
different superscripts significantly differ (P < 0.05)

F2, RIEFAHLNIE S WM EEY >N — OB T ROITIRE
Table 2. The pregnancy rate of estrus synchronized Formosan sambar does after mating

Year n No. (%) of estrus does | No. (%) of none-return does | No. (%) of parturiated does
2004 4 4 (100.0) 3(75.0) 3(75.0)
2005 10 8(80.0) 7 (87.5) -

*CIDR#&%EHIZ0HH. 8HHICCIDRZE#9 5. 12HHIC250 IU eCG &2 5T %,
*CIDR device withdrawal=day 0, CIDR device replacement at day 8, eCG inject at day 12.
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Hunting of deer and other ungulates has
long been part of human culture in most parts of
the world, but not in New Zealand (or Australia)
where they were absent until European
colonisation began in the 18th century. As non-
native species, their presence in New Zealand is
controversial as they can have significant impacts
on environmental and productive assets. However,
stakeholders sometimes disagree about the
significance of these impacts and how wild
ungulates should be managed. Hunters and some
other groups usually see these animals as
resources, whereas conservationists see them as
pests. Here we provide a brief background to the
controversy and summarise how it has influenced
the historic management of deer and other hunted
ungulates. Finally, we discuss future challenges

and options for their management.

Introduction

New Zealand is an isolated island nation
located about 2,000 km east of Australia in the
southwest Pacific Ocean. It was part of the
supercontinent, Gondwanaland, before beginning to
separate from Australia with the opening of the
Tasman Sea c¢. 85 million years ago (Molnar et al.
1975). Nonvolant terrestrial mammals (i.e. anything
other than bats) may have been present when
New Zealand separated from Gondwanaland, but
these disappeared sometime after the Middle
Miocene (Worthy et al. 2006). New Zealand's

geological history and comparative isolation meant

it evolved in the absence of the large herbivorous
mammals and their predators that became
prevalent elsewhere in the world. Instead these
roles were partially filled by numerous species of
flightless birds, including nine species of extinct
moa (Dinornithiformes) and the world's largest, but
now extinct, species of eagle, Haast's eagle
(Harpagornis mooret) (Worthy and Holdaway 2002).
With the exception of two extant and one extinct
species of bats that arrived and established after
separating from Gondwana, New Zealand had no
indigenous land mammals before the arrival of
humans (King 2005).

The diversity of terrestrial mammals in
New Zealand increased with the arrival of Maori
(Polynesian settlers) in ¢. AD 1250-1300. Maori
brought Polynesian rats (kiore, Ratus exulans) and
Polynesian dogs (kuri, Canis familiaris), both of
which negatively impacted indigenous fauna (King
2005). The arrival of Europeans in 1769 heralded
the start of another phase of non-indigenous
species introductions. These included 54 mammal
species that were introduced accidentally or
intentionally for food, hunting and sport; pet-
keeping; commercial interests such as domestic
stock; aesthetics; and biological control of (usually)
other introduced species (Long 2003). Many of the
wild mammals introduced by Europeans became
invasive and had significant impacts on indigenous
ecosystems. For example, mammalian predators
like rats (Rattus rattus and R. norvegicus), stoats

(Mustela erminea), and feral cats (Felis catus) have
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contributed to the extinction or population decline
of many indigenous species (King 2005). Among
the mammals introduced were 23 species of
domestic and wild ungulates, brought primarily for
agriculture, utility, and sport hunting. The wild
ungulate species that established entered an
environment that had not been browsed or grazed
by large herbivores since the extinction of the moa
in ¢. AD 1500 (Perry et al. 2014) and, particularly
as they reached peak irruptive densities (30-50
km?), they had significant unwanted impacts on
indigenous vegetation (Challies 1985; Forsyth et al.
2010).

In this paper, we summarise the history of
wild ungulate (particularly deer) introductions,
impacts, and management in New Zealand.

Specifically, we review:

1. the wild ungulate species introduced and
the reason/s for their introductions;

2. post-release patterns of range expansion
and population dynamics;

3. thelr impacts on environmental and
productive assets;

4. the history of their management,
including a brief review of the advent of
the deer farming industry;

5. and future challenges and options for

management of wild ungulates.

Wild ungulate introductions

Fourteen ungulate species have been
introduced to New Zealand for sport hunting, of
which nine currently still have one or more viable
wild populations (Table 1; Fraser et al. 2000). In

Table 1: Wild ungulate species introduced to New Zealand for sport hunting or utility that currently still have one
or more viable wild populations (adapted from King 2005)

Common name | Binomial Origin Date liberated Purpose

Feral pig Sus scrofa Europe Late 1700s-mid 1800s | Utility"
Domestic escapees, .

Feral cattle Bos taurus Europe primarily in 1800s Utility

Alpine chamois | Rupicapra rupicapra | Europe 1907 and 1914 Sport hunting

American elk? Wyoming)

. Hemitragus Native to Himalaya; .
Himalayan tahr Jemlahicus introduced from Britain 1904-1919 Sport hunting
Feral goat Capra hircus Europe Late 1700s-mid 1800s | Utility

. . Domestic escapees, .
Feral sheep Ovis aries Europe primarily in 1800s Utility
Red deer Cervus elaphus Britain c. 1851-1919 Sport hunting
Wapiti/North Cervus canadensis USA (probably originally 1905 Sport hunting

Sika deer Cervus nippon

Native to east Asia;
introduced from Britain

1905 (central North

Island herd) Sport hunting

Sambar deer Rusa unicolor Sri Lanka

1875 Sport hunting

Javan rusa Rusa timorensis

Caledonia

Native to Indonesia and East
Timor; introduced from New 1908

Sport hunting

Native to eastern

Fallow deer Dama dama Mediterranean countries; also | 1860-1910 Sport hunting
introduced from Tasmania

White-tailed O.d ogo%leus New Hampshire, USA 1905 Sport hunting

deer virgLnianus

Moose® Alces alces Canada 1910 Sport hunting

! Utility includes domestic livestock and as a wild source of meat

? Following Mattioli (2011), we assume specific status for wapiti

% Included for completeness despite no unequivocal sightings since the mid 20" century
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addition, feral goats (Capra hircus) and feral pigs
(Sus scrofa) that were originally introduced in the
18th century by early explorers, and sealers and
whalers as gifts for Maori and future food supplies
on mainland and offshore islands (Mcllroy 2005;
Parkes 2005a), are also considered game animals
(Fraser et al. 2000). There are also a few isolated
feral populations of domestic sheep (Ovis aries) and
cattle (Bos taurus) that escaped or were liberated
from farms and these also provide limited hunting

opportunities (Parkes 2005b, c).

Introductions of wild deer occurred from
the mid 1800s to the early 1900s (Table 1;
Caughley 1983; Challies 1985). Red deer (Cervus
elaphus) were the first deer species to be
introduced into New Zealand (Nugent and Fraser
2005). More than 250 individual red deer of mostly
British origin were imported between 1851 and c.
1919, and these, and additional New Zealand born
deer were released in 220 distinct liberations in
the North and South islands between 1854 and
1926 (Logan and Harris 1967). For fallow deer
(Dama dama), there were at least 24 successful
releases between c¢. 1860-1910 (Challies 1985;
Nugent and Asher 2005). Another important game
species in New Zealand (Nugent 1992), sika deer
(Cervus nippon), was not imported from their
native east Asia, but rather from the Woburn
Abbey Park herd in England (Donne 1924). Sika
deer were initially liberated unsuccessfully in 1885
in New Zealand's South Island, and then
successfully in 1905 in the Central Plateau, North
Island, where the single herd is currently located
(Fraser 2005). The remaining four extant species of
deer, alpine chamois (a goat-like antelope;
Rupicapra rupicapra), and Himalayan tahr
(Hemitragus jemlahicus; hereafter tahr) were also
imported and released in the late 1800s and early
1900s (Donne 1924).

Most of the introductions were undertaken
by ‘Acclimatisation Societies’, groups of early
European colonists formed for the purpose of

introducing ‘desirable’ animals (Donne 1924). These

societies have since evolved into statutory Fish
and Game councils that manage game bird hunting
and recreational fishing for introduced salmonids,
but they do not manage wild ungulates. Some wild
ungulates were imported by the New Zealand
Government (which at the time viewed sport
hunting as a tourist attraction), e.g. moose (Alces
alces) were imported from Canada and released in
Fiordland, South Island, where they initially
established but have since declined, with no
unequivocal sightings since the 20th century
(Tustin 2005). Similarly, wapiti were gifted to the
New Zealand government in 1905 by then
President of the United States of America,
Theodore Roosevelt, and were also released in
Fiordland where they established and interbred
with red deer (Latham et al. 2015a).

The primary motivation for importing and
releasing most of the hunted ungulates was
regulated sport hunting, almost exclusively for the
wealthy elite (Nugent and Fraser 1993). However,
some species that are now extinct in the wild in
New Zealand were imported by wealthy
individuals as novelty species for private
collections, e.g. mountain zebra (Equus zebra) and
black wildebeest (Connochaetes gnou) imported by
Sir George Grey in the late 1800s and released on
a small island northeast of Auckland (Druett 1983).

Post-release demography

Many ungulate liberations resulted in
establishment of breeding populations, others failed
(Table 1). The outcome depended largely on the
number of individuals released, or ‘propagule size’
(Forsyth and Duncan 2001). The 11 species that
established were introduced in greater numbers
than unsuccessful ones and establishment was
likely if the introduction comprised c¢. six or more
individuals. For populations that established, there
were often large differences in their post-release
patterns of demography (population growth rates
and range expansion), not only interspecifically, but

also between different populations of the same
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species, e.g. white-tailed deer (Odocoileus

virginianus, Nugent 2005a).

The initial growth of some of the resulting
herds was likely rapid (c. 25-30% per yr; Wodzicki
1950; Nugent and Fraser 2005). Herds tended to
develop in a predictable way, going through what
has been termed an ‘irruptive oscillation” (Holloway
1950; Riney 1964; Caughley 1970) with the initial
cycle comprising three phases colonisation, peak,
and post-peak. For example, for red deer (Challies
1985) during the colonisation phase, food was
plentiful and deer numbers increased exponentially
because fecundity was high, females bred at a
young age, and mortality in all age classes was
low. As the abundance of food began to decrease, a
corresponding decrease in fecundity began to limit
population growth - after ¢. 5-10 years post-
introduction in the red deer example (Challies
1985). The peak phase of high but comparatively
stable numbers lasted 3-13 years for red deer
populations in forested areas. Fecundity reached
its minimum level and natural mortality its
maximum level at the end of the peak phase of the
irruption. The post-peak phase was characterised
by declining numbers to a much lower-density
population determined by the long-term carrying
capacity of the habitat (Veblen and Stewart 1982).
In New Zealand forests, deer prevent regeneration
of the species of long-lived tree species that make
up much of their preferred diet, so post-peak
carrying capacity has been predicted to continue
to decline gradually as established trees die and
are not replaced (Nugent 1990; Nugent and Fraser
2005).

In concert with initial population growth,
ungulate herds began to disperse into adjacent
suitable habitat. Often it was males that colonised
new areas first. For example, male tahr rapidly
dispersed well outside the area colonised by
females and red deer stags sometimes colonised
new areas 5-10 years before hinds (Forsyth and
Tustin 2005; Nugent and Fraser 2005). The rate of

spread varied between species and over time.

Chamois spread fastest, moving along the Southern
Alps, South Island, at an overall average c¢. 87-9.6
km per yr, but faster in the initial stages of range
expansion (14-20 km per yr in 1910-1920; Caughley
1963; Christie 1963). Red deer also spread
comparatively rapidly: average 1.6 km per yr for
local breeding populations, but up to 11 km per yr
for some populations in favourable habitat
(Caughley 1963; Clarke 1971). Closely related wapiti
dispersed far more slowly on average (0.64 km per
yr) than red deer (Caughley 1963), possibly because
of difficult mountainous terrain (Nugent 2005b).
Moreover, as red deer expanded into wapiti range,
the spread of the wapiti herd largely ceased,
whereas red deer continued to expand throughout
wapiti range, presumably due to some form of
selective advantage favouring red deer (Latham et
al. 2015a). Average dispersal rates for other
ungulate species were < ¢. 1.8 km per yr)
(Caughley 1963).

The current ranges of wild ungulates in
New Zealand were most recently formally
assessed in the 1990s (Table 1; Fraser et al. 2000);
although the Biodiversity Data Inventory (2007,
New Zealand Department of Conservation)
includes more recent qualitative and quantitative
data. Red deer are by far the most widespread and
abundant species, with a total established range
>120,000 km? (Fraser et al. 2000), although most
are confined to ¢. 60,000 km? of shrubland and
forest at a national average density of c¢. 3-4 red
deer per km? reaching 15 per km? in dense forest
where there is sufficient food and little control
(Nugent 1992; Nugent and Fraser 2005). In the late
1990s, sika deer were estimated to have the second
largest established range (c. 6,000 km?) for a deer
species (Fraser et al. 2000), with densities of ¢. 10
per km? (Fraser 2005). They range throughout a
mosaic of forest-types, including New Zealand
beech (Fuscospora spp. and Lophozonia sp.), grassy
clearings, and alpine habitat across a single near-
continuous range in the central North Island
(Davidson 1973; Latham et al. 2015b). Recently,

however, the combined established range sizes of
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fallow deer herds may have surpassed the size of
the sika deer range (Biodiversity Data Inventory
2007). Fallow deer have been widely (but illegally)
liberated in recent decades and occupy a range of
native and plantation forests, shrublands, and
agricultural land (Nugent and Asher 2005). The
remaining deer species each have established
range sizes <5500 km? (Fraser et al. 2000). Feral
pigs (93,521 km?), feral goats (39,351 km?), and
chamois (49,805 km?) all occupy relatively large
portions of New Zealand, whereas the population
of 6,000-9,000 tahr is confined to an area of ¢. 9,600
km? in the central South Island (Cruz et al. 2017).

Impacts on the environment

The significance of the impacts of wild
ungulates in native ecosystems, and on agricultural
and other productive lands is difficult to assess
because it depends on the objectives of land
management and the perceptions of stakeholders
(Simberloff et al. 2013). Even if definitions attempt
to objectify impacts - e.g. a direct or an indirect
ecological impact consists of any significant change
in an ecological pattern or process (Pysek et al.
2012) - stakeholders often disagree about whether
the impact is ‘good” or ‘bad’ (Simberloff et al. 2013).
This 1s certainly the case for wild ungulates in
New Zealand, and the attitudes of New Zealanders
to these animals and their impacts have changed
significantly through time (Caughley 1983; Fraser
2001; Russell 2014).

The Acclimatisation Societies responsible
for most ungulate introductions obviously valued
them highly, but reports of damage caused by wild
ungulates to agriculture and the environment
became common as their populations increased
and spread rapidly in the early 1900s. Although
still protected by law, and managed for sport
hunting, deer herds started to compete with
livestock and damage crops (Perham 1922).
Damage to crops and pasture and the killing of
new-born lambs became more common as the

numbers of feral pigs increased throughout the

1800s (MclIlroy 2005). Similarly, the impact of feral
goats on native vegetation was recognised as early
as the 1890s (Kirk 1895). By 1906, the
Acclimatisation Societies had initiated culling of
deer in some places and, by 1932, game seasons,
licences, bag limits and other restrictions were
dropped. Between 1932 and the early 2000s, the
only legal status of wild ungulates was as pests

(Department of Conservation 2008).

The perception of wild ungulates as pests
was initially based, in part, on the belief that they
contributed to ‘catastrophic erosion events (Grant
1955). It was thought that New Zealand's mountain
forests had little resistance to ungulate browsing
and so were likely to collapse and result in greatly
accelerated rates of erosion that would cause
flooding and destruction of the economically
important agricultural lowlands. It was argued that
conservation of the vegetation, soil, and water
resources and alleviation of flooding damage
required control of wild ungulates (Grant 1955).
However, research has subsequently shown that
damage to vegetation cover plays only a minor
role in catastrophic erosion (Mosley 1980; Grant
1985, 1989), although it has been shown to be
important in soil erosion at finer spatial scales in
New Zealand (Grant 1989; Cowan 2016) and
overseas (e.g., Australia; Bayne et al. 2004).
Additionally, studies have shown that some New
Zealand plants are resistant to mammalian browse
(Forsyth et al. 2002) and thus not all vegetative
cover is removed. Moreover, wild ungulate
numbers (especially red deer) have been
substantially reduced by recreational hunting and
state-funded culling and, particularly, commercial
hunting.

As damage to agriculture and other
production values was substantially reduced by
the 1960s, and the role of ungulates in erosion
became clearer, their impacts in native ecosystems
became the main reason they were seen as pests,
particularly by conservationists wanting to protect
New Zealand's native biota (Fraser 2000). When
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they attained high numbers in the early to mid
1900s, deer quickly caused major changes in the
structure and composition of indigenous vegetation
in many areas (Holloway 1950; Wardle 1984). Their
feeding habits removed some preferred species of
plants from the browse tier - initially preferred
food species, followed by moderately palatable
species (e.g. Wardle 1984) - and this resulted in a
subsequent increase in some unpalatable and
browse-resistant species (Nugent and Fraser 2005).
Subcanopy trees were sometimes killed by bark-
stripping, particularly when deer densities were
high (Holloway 1950). Moreover, browsing by deer
(particularly at peak irruptive phase densities)
greatly reduced the densities of woody stems
(average reduction = 50-60%) and seedlings and
saplings (¢. 90%) (James and Wallis 1969; Wardle
1984; Nugent et al. 2001). Similarly, tahr rapidly
increased to high numbers (20,000-40,000; Forsyth
and Tustin 2005), particularly before the 1970s
(Cruz et al. 2017), with subsequent damage to
indigenous plant species like snow tussocks
(Chionochloa spp.) (Caughley 1970). The negative
changes to native ecosystems, particularly forests,
also contributed to deer and other wild ungulates
being defined in law purely as pests from 1932,
with significant implications for their management
(Caughley 1983; see ‘History of wild ungulate

management’ below).

Many populations of wild ungulates continue
to affect indigenous vegetation and regeneration
patterns in forests and other ecosystems, even
though they are believed to be at significantly
lower densities than historically (e.g. Nugent et al.
2001; Coomes et al. 2003; Peltzer et al. 2014). For
example, it has been argued that the comparatively
high density of sika deer (c. 10 per km? Fraser
2005) and their ability to utilise poor-quality
forages has resulted in damage to forest
regeneration more severe than is currently
observed for other deer species elsewhere in New
Zealand (Fraser 1996). Where abundant, their
selective browsing continues to change the

structure and composition of mountain beech

(Fuscospora cliffortioides) forest to an increasing
amount of forest in an open state with less
undergrowth (Duncan et al. 2006) and forest
understories increasingly dominated by less
palatable plants (Husheer et al. 2003). In theory,
the densities of forest-dwelling ungulates should
decrease following a reduction in the biomass of
preferred food species within the browse tier;
however, their populations may be maintained at
higher than predicted densities if sufficient leaves
from palatable species fall from the inaccessible
canopy for them to eat (Nugent et al. 2001). This
can result in understorey plants that are more
palatable than leaves falling from the canopy not
recovering in the understorey, unless densities of
wild ungulates can be reduced to very low levels
(Parkes 2005a). A recent review of the impacts of
tahr on alpine vegetation similarly concluded that,
despite occurring at post-peak densities, they
continue to significantly impact vegetation cover
and snow tussock height (Cruz et al. 2017). Despite
these impacts, wild ungulates have not completely
eliminated any formerly widespread indigenous
plants, even those highly palatable (Stewart and
Burrows 1989). Moreover, the transition toward
dominance by browse-tolerant species is often
reversible provided local seed sources remain
(Nugent and Fraser 2005). Likewise, low, relatively
stable post-irruption densities seem to have less
effect on regeneration in most places. For example,
current low densities of red deer in mountain
beech forests in New Zealand were found to
impact forests slightly, but at levels unlikely to
prevent canopy replacement (Bellingham et al.
2016).

In summary, wild ungulates have caused
major changes in native ecosystems, particularly
forests, but they have not caused landscape-scale
collapse of forests. In part, this is because ungulate
densities have been reduced in most places and
also because much of New Zealand's native
vegetation is now considered more resilient to
their browsing than previously believed. However,

where they occur sympatrically with other
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introduced mammalian herbivores, such as
brushtail possums (7T richosurus vulpecula), their
combined impacts on forests and understorey can

be more severe (Rogers and Leathwick 1997).

Ungulates have some other impacts in New
Zealand. Deer and pigs can become infected with
bovine tuberculosis (Th) and, although not a
maintenance host of Tbh in New Zealand, can pose
a small risk to livestock (Nugent et al. 2015). Their
feeding may also directly and indirectly affect
carbon sequestration in forests, with the greatest
impacts predicted to occur when herbivory
increases canopy disturbance and disrupts
subsequent recovery of tree species (Peltzer et al.
2010). Wild ungulates can cause community- and
ecosystem-level effects by reducing browse layer
plant diversity (Wardle et al. 2001). In turn, this
can result in altered diversity in the litter layer
and, consequently, adversely affect populations of
many groups of litter-dwelling mesofauna and
macrofauna (Wardle et al. 2001). Feral pigs have
contributed to the decline in the numbers of native
snails (Powelliphanta spp.) by rooting up the leaf
litter habitat and eating the snails and their eggs
(Meads et al. 1984). Their rooting also alters soil
nitrate levels, species richness of native seedlings
and saplings, and tree species composition in
temperate New Zealand rainforests (Krull et al.
2013).

History of management

Control

Acclimatisation societies and then
government progressively removed protected
status for most populations of wild ungulates in
the 1920s (Perham 1922; Munro 1927; Caughley
1983). From 1930, the responsibility for control
passed to the government and wild ungulates were
managed as pests (Wodzicki 1950). Initially the
Department of Internal Affairs had responsibility
for control (Caughley 1983) and employed hunters
to reduce the numbers of those species (deer, feral
goats, and feral pigs) that impacted pastoral lands

(Munro 1927; Wodzicki 1950). Shortly thereafter,
emphasis was also put on culling (particularly) deer
and tahr in the high country to reduce the
perceived risk of accelerated erosion caused by
overbrowsing (Grant 1955). About 8000 deer were
killed per year after culling operations started in
1931, increased to ¢. 41,000 in 1940, dropped to an
average of about 13,000 per year in 1940-1945, and
rose again to 40,000-60,000 per year in the mid
1950s (Caughley 1983; Nugent and Fraser 2005).
Government hunters were given a bonus for deer
skins recovered and these were sold to offset the
costs of the control operations (Caughley 1983).
Ground hunters shot about 25,000 tahr in the first
25 years following the removal of legal protection
in 1930, but that had only limited local benefit for
vegetation recovery (Forsyth and Tustin 2005).
Similarly, >340,000 feral pigs were killed between
1926 and 1945 (Wodzicki 1950). Compared with
current harvest estimates of these species, tallies
of animals shot seem high, but they probably had
little effect on animal numbers or in mitigating
their unwanted impacts (Grant 1989; MclIlroy 2005;
Nugent and Fraser 2005).

In 1956, new legislation passed the
responsibility for wild ungulate control to the New
Zealand Forest Service (Caughley 1983). The
primary focus of the Forest Service was to reduce
deer numbers at sites considered particularly
erosion prone and with important downstream
resource values (Riney 1956). Government hunters
or cullers were allocated hunting blocks in these
critical areas and paid for each deer Kkilled (verified
by presenting tails to the officer in charge). This
programme killed about 25,000 deer per year in
the 1960s, with large reductions of deer numbers
adjacent to farmland, moderate reductions at a few
high erosion prone sites, but little impact on the
population of red deer in most of the remote
undeveloped back country regions (Challies 1974).
By the 1970s, however, commercial deer hunting
had greatly reduced deer densities and state-

funded hunting all but ceased.
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Responsibility for the management of wild
ungulates was transferred to the newly established
New Zealand Department of Conservation (DOC)
in 1987. The Department of Conservation affords
priority to conservation of indigenous biodiversity,
and therefore views such impacts of wild ungulates
negatively. However, there are numerous other
threats to native biodiversity, some of which are
seen as much more urgent and important than
those of ungulates. Combined with the immense
scale of the various problems, DOC has had
insufficient funding to actively control - let alone
eradicate - wild ungulates on a broad-scale.
Instead, a site-based prioritisation process is used
to identify key conservation sites and ungulate
control is included as part of the conservation
management programmes at a relatively small
number of sites where they are seen as a key
threat. For example, there has been a long-term
red deer control programme in part of Fiordland
aimed at protecting habitat for an endangered
native bird, takahé, Porphyrio hochstetteri
(Tanentzap et al. 2009) and eradication of red deer
from Secretary Island, Fiordland, was undertaken
to protect the native ecosystem (Crouchley et al.
2011). Feral goats are an exception to this localised,
site-based approach, being controlled on a broad
scale; for example, they were controlled on 1.3 to
1.6 million hectares (75%) of conservation lands
inhabited by goats during the 1990s (Parkes and
Murphy 2003). In addition, DOC has developed a
plan (Himalayan tahr control plan) specifically for
the management of tahr and their impacts
(Department of Conservation 1993). These
programmes aside, DOC relies on (and to a limited
extent encourages) commercial and recreational
hunters to reduce wild ungulate populations as
much as possible, in the hope that this will also

reduce some of their unwanted impacts.

Currently, almost all state-funded ungulate
control uses either shooting from a helicopter or,
particularly for goats, ground-based shooting (often
with indicator dogs). Historically, however, aerial

baiting using poisoned carrot or cereal baits and

foliage baiting using a poisoned gel applied to the
leaves of preferred trees was used with mixed
success to control deer, tahr, and feral goats
(Daniel 1966; Douglas 1967; Parkes 1993;
Sweetapple 1997). Broad-scale control operations
using strychnine, phosphorous, arsenic, and sodium
fluoroacetate (1080) killed large numbers of pigs in
farmed areas in the 1950s (Mcllroy 2005).
Currently, however, poison operations do not
target wild ungulate species, although they are
sometimes killed incidentally by aerial operations
targeting other species of mammalian pests
(Nugent and Fraser 2005).

Commercial hunting

Initially, commercial hunting focussed on
the export of deer skins; a total of about 34,000
skins were exported from 1930-1935, increasing to
50,000-103,000 in the early 1940s to late 1950s
(Nugent and Fraser 2005). However, in the late
1950s, a small group of entrepreneurs began to
develop an export market for wild venison,
starting with trial shipments to the United States,
then Europe (particularly Germany) (Caughley
1983). The industry expanded rapidly, initially
relying on ground-based hunting and carcass
transport. In the 1960s, the industry progressively
began to use fixed-wing aircraft and then
helicopters for hunter and carcass transport
(Caughley 1983). Finally, helicopters were used as
a shooting platform for hunters and subsequent
carcass transport, an approach that is still used
today, albeit on a smaller scale (Challies 1990;
Nugent and Fraser 2005).

Harvesting was unregulated - there were
no limits on the numbers, age or sex of the deer
that could be taken - but the industry was
controlled by laws governing the use of firearms
and aircraft (Challies 1990). The limited number of
official restrictions resulted in a highly competitive
industry driven by the price paid per carcass (on a
kg basis) and the numbers of deer available to
hunt. Commercial deer harvests were >60,000 per
year for the 10 years from 1967 to 1977, with a
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peak annual harvest of about 133,000 deer in the
early 1970s (or ¢. 4,100 tonnes of wild venison in
1972), before falling in the late 1970s to early 2000s
to about 13,000-32,000 deer annually (average c.
1,000 tonnes of wild venison per year since 1985)
(Parkes et al. 1996; Tuset 2000; Nugent and Fraser
2005; Shadbolt et al. 2008). Since 2010, about
16,000-17,000 deer have been harvested annually
with hunters paid about $150 per deer or $2.43
million per year in total (these and all subsequent
values presented in USD; Warburton et al in
press). Commercial hunters also harvested some
other wild ungulates during the 1970-1990 era. For
example, ¢. 39,000 tahr were recovered between
1971 and 1982, with a peak of about 10,000
harvested in 1974 (Parkes et al. 1996). Similarly, c.
22,000 chamois were recovered by commercial
hunters between 1978 and 1989 (Parkes and Clarke
1993).

The numbers of animals harvested by
commercial hunters had a large impact on the
populations of these species. The population of red
deer in south Westland was reduced by an
estimated 90-95% (Challies 1991) and tahr numbers
declined from about 30,000-40,000 in 1970 to 1,000~
2,000 in 1984 and 4,000 in 1987 (Parkes 1984;
Forsyth and Tustin 2005). As populations declined,
many helicopter operations became uneconomic.
This resulted in a shift of focus from carcass
recovery to live capture of red deer (and to a
lesser extent, wapiti) to meet the considerable
demand for live deer to stock the burgeoning deer
farming industry (Challies 1985; see Farming and
game estates’ below). The price paid for a red deer
hind (c. $2,650 in 1979) far exceeded the price paid
for the same deer as a carcass (Caughley 1983).
The live capture industry was, however, short-
lived (c. very late 1970s to the mid 1980s) because
deer farms were soon able to breed sufficient
livestock to meet any additional demand (Caughley
1983; Challies 1991). The decline in commercial
harvests since the peak in the mid 1970s is thought
to have been the major driver of an increase in

deer abundance since then (Forsyth et al. 2011).

Recreational hunting

Recreational hunting became popular in
New Zealand as wild ungulate numbers increased,
and protections were removed (Nugent and Fraser
1993). Historically, trophy hunting was a major
motivation for recreational hunters; however,
hunting remained popular even when wild
ungulates were reduced to low numbers during
the 1960s and 1970s and few males reached
adulthood and trophy potential (Nugent and Fraser
2005). Approximately 7% of all male New
Zealanders and 14% of rural men favoured hunting
and shooting as a leisure activity in the 1980s
(Cushman et al. 1991). Only 2% of big game hunters
in 1988 were women (G. Nugent, unpubl. data). As
of 2013, there were c. 240,000 licensed firearms
owners in New Zealand (Gates 2014), of which
perhaps 30,000-50,000 regularly hunt wild
ungulates (Nugent 1992; Woods and Kerr 2010).
Although not assessed recently, New Zealand has
shown a similar trend to countries like Japan
(Igota and Susuki 2008), with the average age of
hunters increasing and the recruitment of young
hunters into the sport decreasing (Fraser 2000).
Recreational hunting effort is greater in the North
Island (1 hunting permit per 0.5 km?), where the
population is higher, than in the South Island (1
permit per 1.9 km?) (Fraser 2000).

In response to the rapid reductions in wild
ungulate numbers by commercial hunting in the
1960s and 1970s, recreational hunting groups
successfully lobbied for some protection of their
sport (Caughley 1983; Nugent and Fraser 2005).
This led to the establishment in the early 1980s of
ten Recreational Hunting Areas (RHASs), in which
commercial hunting is banned. Since DOC took
over the management of conservation land in 1987,
two RHAs have been disestablished and two
reduced in size, leaving c. 178,000 hectares (about
2% of conservation land) in 2004 managed to
exclude commercial hunting (Nugent and Fraser
2005). Even within RHAs, DOC’s primary focus
has been the protection of indigenous biota and,
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within these areas, wild ungulates are sometimes
controlled to reduce their densities and impacts,
e.g. sika deer in Kaweka Forest Park RHA
(Husheer and Robertson 2005).

Recreational hunters have generally
harvested greater numbers of wild ungulates than
commercial hunters since the decline in the wild
venison industry in the mid 1970s. For example,
31,000 recreational hunters harvested >70%
(41,700) of the 58700 total deer taken by all hunters
in 1988 (Nugent 1992). Although recreational
hunters usually struggle to reduce wild ungulate
numbers in remote or difficult terrain far from a
point of access for vehicles (Nugent 1988; Fraser
2000), their hunting can generate local conservation

benefits in some areas (Fraser and Speedy 1997).

The economic value of recreational big
game hunting is high. In 1988, hunters spent $605
per year on big game hunting (including vehicle,
travel and accommodation costs) with an estimated
total annual expenditure of about $31.4 million
(1988) (Nugent 1992). A more recent estimate
suggests annual expenditure in 2011/2012 was c.
$2,480 per hunter (Kerr and Abell 2014). Using a
contemporary estimate of 30,000-50,000 big game
hunters (Woods and Kerr 2010) a total national
expenditure in excess of $73 million p.a. can be
derived, far higher than the returns to commercial

hunters.

Farming and game eslates

Farming deer behind fences became legal in
New Zealand in 1969 when they were reclassified
as a permissible group of species for farming
under The Noxious Animal in Captivity
Regulations 1969 (Tuset 2000). The industry
developed rapidly and became the largest (free-
range semi-domestic reindeer (Rangifer tarandus)
notwithstanding) and most advanced deer farming
industry in the world (Challies 1990; Shadbolt et al.
2008). The most common species farmed is red
deer (85%), though wapiti is also important and are

often hybridised with red deer because their

progeny grow faster than red deer and have
bigger antlers (Yerex 1991; Fraser et al. 2000).
Additional bloodlines of both these species have
been imported from Europe and North America to
further enhance body and antler sizes. Fallow deer
were also an important species for farming (c. 10-
15% in the late 1970s and early 1980s; Shadbolt et
al. 2008), but their popularity has fallen (c. 50,000 in
1990 to ¢. 24,000 in 2000) because they do not
produce commercial antler velvet and their small
size means slaughter costs are high for the amount
of meat produced (Jacobsen 1993; Nugent and
Asher 2005). The increasingly poor economic
returns from fallow deer farming is likely to have
contributed to the large number of new
populations of wild fallow deer that have
established since the 1990s as a result of unwanted
animals escaping or being illegally released from
farms (Fraser et al. 2000). There were some
attempts to farm sika deer in New Zealand,
particularly as part of agroforestry operations, but
these were unsuccessful because malignant
catarrhal fever caused high death rates and animal
husbhandry (varding and handling) proved difficult
(Yerex and Spiers 1990).

The numbers of deer on farms increased
steadily from about 400,000 in 1985/1986, to ¢. 1
million in 1990, and a high of ¢. 2.6 million in 2001
(Nugent and Fraser 2005; Shadbolt et al. 2008), but
has since dropped to about 907,000 (as of June
2015; Deer Industry New Zealand: http://deernz.
org.nz/; accessed 19 January 2017). The primary
export products include venison, hides and leather,
antler velvet, and co-products for oriental medicine,
generating a free-on-board export revenue total of
c. $184 million in 2014/2015. Venison comprised
the majority of product exported (14,869 tonnes,
76%) and export value (c. $125.8 million, 72%).
Antler velvet (572 tonnes) was worth c. $28.2
million and co-products (4,125 tonnes) were worth
c. $20 million. Venison and hides and leather
exports have been decreasing (annual revenue and
weight) in recent years (c. 2005-2015), whereas

annual revenue (but not weight) from products
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used in oriental medicine has generally been
increasing. Total annual deer-related export
revenue Increased steadily until about 2001, before
declining in 2003 due to a surplus of game meat on
European markets (Shadbolt et al. 2008). The
industry steadily recovered to about $220.7 million
in 2010, with revenue in recent years (2014/2015)
being c¢. $36.1 million less than this peak. The
primary markets (by value) for New Zealand
venison in 2013/2014 were Europe (72%) and the
United States (12%) (statistics from Deer Industry

New Zealand; see website above).

Goat farming for fibre, meat, and milk
products in New Zealand is a relatively small
industry. When the industry has not been
economically viable, it has been a major source of
new populations of feral goats (Fraser et al. 2000;
Parkes 2005a). Some farmers have liberated goats
on their properties to control weedy plant species,
and these have also become important sources of
new feral populations (Fraser et al. 2000). Small
numbers of tahr have been farmed experimentally
and their coarse outer hair harvested and used to
make headgear for European hunters (Barrell
1994); however, on private land, tahr are most
often kept for trophy hunting on game estates
(Forsyth and Tustin 2005). Pigs are also farmed in
New Zealand, but feral pig populations are largely
descended from liberations that occurred in the
1700-1800s (Mcllroy 2005). Feral pigs are often
captured by hunters and liberated elsewhere in
the country to create or enhance populations for
hunting (Fraser et al. 2000).

In addition to farming, wild ungulates are
kept on game estates (enclosed areas usually of
many hundreds or thousands of hectares of private
land or pastoral leases held by high country run
holders) for trophy or ‘safari’ hunting in New
Zealand. Game estates started to emerge in New
Zealand in the 1980s, expanded in the 1990s, and
were largely the result of landowners looking to
diversify their businesses on marginal farming
lands (Figgins 2008). In 1997, the New Zealand

Association of Game Estates was formed to
support the industry. Game estates cater primarily
for overseas hunters, mainly from the United
States and western Europe, looking for top-class
trophies (Yerex 2001). The most important species
for trophy hunting on game estates is red deer
(which are among the most sought after in the
world; Yerex 2001), although sika deer, fallow deer,
tahr, and male Arapawa (domestic) sheep are also

popular species.

The guided hunting industry in New
Zealand, most of which occurs on game estates, is
worth c. $10-20 million per year (Figgins 2008).
The industry has faced some criticism from
recreational hunters because of the perceived
threats to free public access to hunting that
commercialisation would bring and those who
argue it is not fair chase hunting (ie. the ethical
pursuit of animals not contained by artificial
barriers) (Figgins 2008). However, the industry
does have rigorous standards that its members
must meet to be accredited (New Zealand
Professional Hunting Guides Association: http://
www.nzphga.com/hunting-in-new-zealand.html;

accessed 20 January 2017).

Future challenges and options for
management

Wild ungulates and their management
remain a controversial and, sometimes, bitterly
disputed topic in New Zealand. The agency
responsible for managing wild ungulates, the
Department of Conservation, is, effectively,
required to view introduced species as pests
wherever they cause changes in native ecosystems
that are deemed undesirable. This aim is strongly
supported by conservation groups like the Royal
New Zealand Forest and Bird Protection Society.
Despite strong opposition from some groups,
however, a New Zealand Game Animal Council
(NZ GAC) has recently been established (Game
Animal Council Act 2013). The main functions of
NZ GAC are to represent hunters  interests, and
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improve the conduct, safety, and management of
hunting (including professional hunting) and
hunting opportunities. The latter includes potential
for actual management of some species of
ungulates for hunting in yet-to-be-identified herds
of special interest’. However, such management of
the animals for hunting purposes must be
consistent with ‘overriding considerations’, a
caveat that places greater emphasis on land
management goals other than hunting benefits.
That caveat will greatly constrain NZ GAC's
ability to manage such herds in any manner that
would greatly increase ungulate densities and their
impacts (New Zealand Game Animal Council:
http://nzgac.org.nz/new-zealand-game-animal-
council; accessed 22 January 2017). A key function
of the council will therefore be to develop
management plans that enhance hunting
opportunities while keeping their impacts within
acceptable environmental limits. Clearly this is a
difficult task - hunters often have different opinions
about what constitutes an ‘enhanced hunting
opportunity’, and remaining consistent with
conservation values is a concept with which even
the most experienced wildlife management
agencies often struggle, particularly in
demonstrating that defined outcomes have been
achieved (Clayton and Cowan 2010).

An existing example of how such herds of
special interest might be managed is provided by
management of wapiti in Fiordland National Park
(FNP), South Island (Latham et al. 2015a). The
Fiordland Wapiti Foundation (FWF) manages deer
in the "Wapiti Area’ in FNP under a formal
agreement with DOC (Department of Conservation
2011). The aims of FWF are to produce a trophy
wapiti-type herd for hunting in the Wapiti Area by
selectively culling red deer and maintain the herd
at a level that does not impact the environment
more than red deer do in the adjacent areas
administered by DOC outside of the Wapiti Area
(Latham et al. 2015a). The management activities
conducted by FWF are funded through a ballot

system in which hunters provide a donation for

the right to apply to hunt one of the blocks in the
Wapiti Area during the wapiti breeding season
and another donation if their application is
successful. The foundation uses commercial
helicopter-based hunters to selectively cull deer
based on phenotype, age, and sex. Each commercial
operator has exclusive access to shoot deer in a
portion of the wapiti area, and when venison prices
are low, they are subsidised to hunt by FWF so
that management objectives will still be achieved.
Although the herd remains hybridised with red
deer, FWF has halted (and perhaps reversed) the

trend towards red deer dominance.

Outside the presumably small number of
herds likely to be designated as of special interest,
wild ungulates that occur on conservation land will
continue to be controlled to low densities in the
highest-priority conservation sites. This will
sometimes take into account hunter interest. For
example, DOC funds culling of female sika deer in
parts of Kaweka Forest Park where they are
causing significant damage to native vegetation,
but leaves male sika deer as trophies for
recreational hunters (Latham et al. 2015b). Most
public conservation land, however, will continue to
be subject to laissez-faire ‘management in which
ungulate density is determined solely by the level
of commercial and recreational hunter interest,
with modest efforts by DOC to encourage hunting
effort in the hope that that will reduce ungulate

densities and impacts.

Commercial interest will undoubtedly
continue to be driven by the international demand
for wild venison and the price paid for it (Parkes
et al. 1996), but based on the last decade it should
continue to account for 15,000-20,000 deer per year
(Warburton et al. in press). Similarly, recreational
hunting is likely to continue at the same level as in
recent times or possibly increase in response to a
perceived ongoing increase in the abundance of big
game and in response to the efforts of the NZ
GAC. If so, recreational hunting is likely to

maintain wild ungulates at low densities in the
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easily accessible and highly developed agricultural
lands and around the accessible fringes of large
forest tracts (especially in areas close to large
population centres), but it will generally have little
impact on densities in more remote areas (Nugent

1988; Fraser 2000).

In summary, we foresee no major changes
to wild ungulate management in the near future in
New Zealand that will significantly reduce
ungulate numbers and impacts on most
conservation lands. Whether or not the NZ GAC is
able to establish and effectively manage herds of
special interest consistent with conservation values
and enhance hunting opportunities in the process
remains to be determined. None of these factors is
likely to moderate the disparate views
stakeholders have about wild ungulates and their

impacts and management in New Zealand.
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