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FOREWORD

There are dready well established harvesting indudtries involving native and nonnative wildlife. There
may be scope to increase the range of species used with a postive rather than negative outcome for
conservation objectives. There is aso scope for increased use of the species which are dready

harvested if existing markets can be expanded.

Animd production in Audrdiais currently based on ardatively smal number of domesticated exotic
goecies. Whilst these will continue to condtitute the mgor form of production in the foreseeable
future, there are a range of economic, environmenta and socia arguments for increasing the role of
wildlife production.

It is argued that wildlife harvesting can provide greater incentive to conserve their habitats. The
commercid use of wildlife dso has the potentid to enhance the economic viability of agricultura

production through income diversfication as wel as providing a mechanism for more cogt-effective
management of pest animals for which there isa commercid market.

The commercial use of wild animds is a contentious issue. However, it is essentid that policy
development in this area is based on science rather than emotion, and at the same time reflects the
uncertainty of current knowledge in being precautionary. Government authorities will have a critica
regulatory role to play where commercid use involves native species.

The Bureau of Resource Sciences recognises the importance of providing accessble scientific
information to feed into emerging policy issues and this has been the basis for developing this paper.
Discussion of thisissue istimey given the recent Senate Inquiry into the commercid use of Audrdian
naive wildlife

This paper provides information on the ecologica bass of wildlife use and associated economic and
socid congderations and represents an essentid background text for scientigts, policy makers and
wildlife managers.

Peter O'Brien
Executive Director
Bureau of Resource Sciences
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SUMMARY

Scope of the paper

The sugtainable use of some species of wildlife is being promoted as a means of consarving
natural environments and arresting land degradation on agricultura landsin Audrdia

Commercid use of wildlife potentialy promotes conservation by providing landholders with the
incentive and economic ability to maintan wildlife habitat and engage in more sustainable
agricultura production.

Commerciad harvesting may aso provide a cost-effective mechanism of reducing the impact of
introduced wildlife and overabundant netive wildlife.

This paper reviews the suite of ecologica and economic factors which influence the sustainability
of wildlife harvesing and the cagpacity of wildlife harvesting to promote more sustainable land
use.

Ecological factorsinfluencing harvesting

1. (8 Ecologicd factors that influence the sustainability of wildlife harvests are those that affect
prevaling and potentid rates of increase in wildlife population abundance. The influence of these
factors on the sustainability of wildlife harvests can be represented by a range of smple and
complex predictive models. Smple models, such as those assuming logistic population growth,
can provide accurate predictions about the sustainability of harvests for populations inhabiting
dtable environments.

(b) Smple modds will tend to overdate the sustainability of given harvest rates for populaions
inhabiting more variable environments. An additional complication is that information on rates of
increase required for even ample harvesting models is lacking for mogt wildlife species in
Audtrdia. To overcome these problems, we suggest a generd approach that will alow necessary
information to be gathered in a harvest setting.

Economic factorsinfluencing harvesting
2. Economic factors which affect the sustainability of harvestsinclude:

The discount rate applied to the economic return from harvesting — market forceswill act
to conserve a population of acommercidly harvested species only when it has an intringc rate of
increase condderably in excess of the commercia discount rate. Therefore species which have a
high market value but alow rate of increase are susceptible to unsustainable harvesting.

Issues of commercial use of wild animalsin Australia 1



The relationship between population density and the costs of harvesting — the need for
harvesters to spend progressvely more time searching for animals as population dengty fals will
lead to an increase in harvest costs as population density declines.

Those factors that influence supply of and demand for harvested commodities — demand
for harvested commodities will be a function of both economic and socid factors influencing
commodity supply and demand. Marketing can be used to increase demand a a given
commodity price. However, in the absence of controls on harvesting rates, competition between
harvesters for market share will convert any increase in demand into increased harvest rates
rather than increased profit per harvested anima. Hence, the ability of marketing to increasing the
atractiveness of wildlife harvesting as an dternaive form of land use, will be redtricted to
systems where the number of animals harvested is regulated independently of market forces.

Other factorsinfluencing harvesting

3. Wildlife ‘ownership’ largely determines to whom the economic benefits of a harvest accrue.
Hence issues of ‘ownership’ have important implications for both the sustainability of wildlife
harvests, and the extent to which the benefits of harvesting can be accounted againgt improved
land management.

4. In law, native wildlife are owned by the people through the Crown, while introduced wildlife
have no legd status beyond the capacity of landholders to nominate such animals stock wherever
State legidation dlows (that is, for species not specificaly scheduled under noxious animals or
other relevant Acts legidated by individud States).

5. In principle, native animals represent a common property resource, access for the purpose of
harvesting being controlled by State legidation. Smilarly, introduced animals are private property
where they have been nominated as stock by the landholder on whose land they reside, or have
no property status wherever they have not been nominated as stock.

6. (&) In practice, because |landholders can invoke trespass law to control access to animals on ther
land, and in the case of kangaroos are issued with commercid harvesting tags, most wildlife in
Audrdia has the potentia to more closely resemble a private rather than a common or no
property resource (that is, pseudo-ownership of the wildlife resource). The use of trespass law,
reinforced in some cases by issue of commercia harvesting tags direct to landholders, gppears
adequate to give landholders sufficient property rights to control access to wildlife on their land.

2 Bureau of Resource Sciences



(b) Pseudo-ownership gppears a sufficient mechanism by which landholders can exercise
discretionary use of wildlife on their land. Pseudo-ownership alows landholders to charge for
access to wildlife or to commercid use tags, to alow free access to wildlife, or to undertake
harvesting themsalves. This dlows them to baance direct and indirect economic benefits of
wildlife harvesting with their perception of prevalling and future market conditions.

. (8 Sodid attitudes to wildlife harvesting will dways sgnificantly affect the marketability of wildlife
commodities and hence the cepacity of wildlife harvesting to contribute to conservation
objectives. In particular the perception of wildlife harvesting as a form of pest control, the
conservation status of harvested species and the humaneness of harvesting, will remain important
potential congtraints on the acceptability of wildlife commodities by both the domestic and
international markets.

(b) The increased income from wildlife harvesting which $ould accompany development of
markets for game mest, will be amgor factor in changing the perception of wildlife from pest to
resource in rurd communities. However, urban and international markets will be a lesst as
concerned with the sugtainability and humaneness of harvests. Rigorous atention to anima
welfare condderations and promotion of the careful management of harvests must be maintained
in order to ensure ongoing market devel opment.

. (@ Regulations controlling the harvest of introduced wildlife are limited to codes of practice for
shooting and meat handling and inspection. In contragt, the harvest of native wildlife is regulated
by Stae and Teritory wildlife agencies, and in some cases by overriding Commonwedth
controls on the export of harvested commodities, operating through the Wildlife Protection
(Regulation of Exports and Imports) Act 1982. For example, kangaroo harvesting is regulated
by State legidation which is used as the bass for individua State and Territory management
plans, gpplicable to each commercidly harvested species. These management plans are
periodicaly submitted to the rdevant Commonwealth Department for approva, whereupon
export licences are granted. In order to gan Commonwedth Government gpprova, the annud
harvest within each State must be below a quota set by the relevant Commonwedlth Department.

(b) While kangaroo harvest quotas have not generaly been met in recent years, the quota set for
red kangaroos in Queendand has been regularly approached over recent years. Where quotas
are not approached, the rate of harvest for kangaroos appears to be set by the low profitability
of the harvedt, rather than through legidative controls. However, if the trend for increasing
commercid kangaroo harvests continues, such controls will become increasingly relevant to the
operation of the indugtry.

I ssues of commercial use of wild animalsin Australia 3



9.

(@ Regulation of kangaroo harvesting by quota requires independent monitoring of the harvested
population’s dengity, which is a Sgnificant cost to State and Territory management agencies. An
dterndive to monitoring which is used in other countries involves varying the number of
harvesters licensed to operate in prescribed areas according to the effects of prevailing
conditions on the harvested popul ations abundance, but alowing each harvester unlimited access
to the wildlife population.

(b) There is congderable disagreement concerning the effectiveness of quota and licencing
systems for the regulaion of wildlife harvests. For kangaroos, the ability of the quota system to
regulate harvests a a nationd leve will remain untested until the nationa quota for particular
species is gpproached. However, for red kangaroos in Queendand, preliminary evidence
Suggests quotas are an adequate system of regulation. It is essentid under any regulatory system
that quota setting and monitoring remain completely independent of the harvesting and marketing
components of the industry, providing a strong argument for the maintenance of government
involvement in the management of any native wildlife harvest.

Wildlife harvesting and conservation on agricultural lands

10.

11.

12.

Agriculturd producers can become involved in wildlife harvesting as passve or facilitative
participants in the harvest, as brokers of access to the harvest, or as active participants
undertaking the harvest themsdlves. For a given harvest, the level of involvement alandholder has
should reflect some baance between the codts of that involvement (including direct costs
associated with any activity related to the harvest and indirect costs associated with maintaining
the harvested species on their land), and its benefits (including the direct benefits of income
derived from the harvest and indirect benefits of any increase in the profitability of ther
agriculturd enterprise accruing from the reduction in the harvested population).

Contingent on the ecologicd and economic congraints which impinge on wildlife harvesting,
commercial use of pest species has the potentia to reduce pest densities below thresholds for
acceptable levels of environmental and agriculturd damage. The use of harvest subsdies to
increase the vaue of harvested pests can potentialy increase the effect of commercia harvesting
on pest dengity, by devating the return on pests taken from low density populations.

(@ Commercid use of wildlife can potentidly promote conservation on agriculturd lands by
providing an economic yield from undeveloped lands which is competitive with less benign forms
of land use, and by alowing divergfication of income to agricultural enterprises. The potentid for
ether process to redise conservation benefits is contingent upon the sustainability of the harvest
proposed and the degree to which agricultural producers are prepared to subgtitute harvesting
for traditiond agricultura activities.

Bureau of Resource Sciences



13.

14.

15.

(b) If producers respond primarily to economic imperative, they will favour harvesting where
they perceive a net economic gain in doing so, or & least believe harvesting to be a cost-neutra
dternative to agriculturd activities. Harvesting subsdies may represent a mechanism for
promoting subgtitution of harvesting for less benign land uses. Such subsidies may represent an
efficient use of conservation resources, particularly where habitats of high conservation vdue are
involved.

For commercid harvesting to redlise consarvation benefits on agricultura lands, traditiona
agricultural activities must be curtalled or ther intensty substantidly reduced in order to
participate in harvesting. Hence, agriculturd activities must impact on the capacity of producers
to participate in harvesting by condraining the sustainability of the harvest or the yield derived.
Data unequivocaly demondrating the effect of agriculture on harvest sustainability and/or yield
are currently unavailable.

(& The popular theds that kangaroo harvesting could induce rangdands graziers to reduce
domestic stocking rates and/or reconsider clearance of undeveloped land serves to illudtrate
severd of the issues impinging on the cgpacity of commercid wildlife harvesting to redise
conservation benefits on agricultura lands. For example, while a range of economic factors will
influence the level to which graziers will participate in kangaroo harvesting, additiond factors will
influence their propengty to lower domestic anima stocking rates even where participation in
harvesting increases.

(b) In the firg indance, the interest graziers have in increasng thar involvement in kangaroo
harvesting will largely reflect the profit they can derive from each kangaroo harvested (as
opposed to increased profit through an eevation in the number of kangaroos harvested). The per
capita value of kangaroos harvested will reflect the interaction of supply and demand, and the
effects of non-market influences such as quotas.

(c) Subgtantid increases in per cgpita vaue would require an astonishingly successful marketing
campaign to maintain demand for kangaroo products despite increasing prices, and a congraint
on supply which inhibits harvesters converting eevated demand into elevated harvest rates,
thereby dlowing per capita price to rise. For the development of such an environment, the
current quota system must be maintained in order to limit supply. However, the effect of quotas
on market vaues for kangaroos would create conditions highly conducive to the development of
‘symbioss between the agency setting quotas and the kangaroo industry. Links between these
bodies must be assiduoudy avoided if conservation of harvested speciesisto be assured.

In addition, if conservation benefits are to be redlised from increased participation of graziersin
kangaroo harvesting, they must be convinced that profits from the harvest can be improved by
reducing domestic anima stocking rates. Data linking stocking rates to kangaroo dendty are
equivocdl.

I ssues of commercial use of wild animalsin Australia 5
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1. INTRODUCTION

Recent interest in wildlife harvesting has arisen for two different reasons. Firdly, a recognition has
developed tha the sustainable harvest of wildlife may lead to the conservation of the habitats that
contain harvested pecies. If maintaining these areas provides a greater return to the economy and to
society than do other forms of land use, then the exploited species and other species in these habitats
will dl be conserved (IUCN/UNEP/WWF 1980). This concept was progressed in the Bruntland
Report (World Commission on Environment and Development 1987) and at the United Nations
(UN) Conference on Environment and Development at Rio de Janeiro in 1992. Accordingly, the
Species Survivd Commission within the International Union for the Conservation of Nature (IUCN)
has set up a Specidist Group on Sustainable Use of Wild Species with the task of developing a set
of procedures that will be gpplicable worldwide for assessng the sustainability of use of wild species.
An initid report on assessment procedures has been prepared (Prescott-Allen and Prescott-Allen
1996).

‘Thereisincreasing recognition that the sustainable harvest of wildlife may lead to the
conservation of habitats that contain the harvested species.’

Within Audrdia, the Nationd Strategy for the Consarvation of Audrdid's Biologicd Diverdty has
samilarly recognised the potentiad conservation benefits which can be obtained through the use of wild
animals (see Box 1). In Audrdia, there is a second moativation for recent emergence of interest in
wild anima harvesting. Because of the declining terms of trade for traditiond agriculturd products,
Audtrdian producers are looking to diversfy their enterprises and broaden their income base. To this
end, it has been suggested that commercia harvesting of wild animas on their properties may
represent a dgnificant dternative source of income (Ramsay 1994). Coincident with these
developments has been the recent promotion of game mest as a ‘hedlthy’ aternative source of red
meet, being low in cholesterol and free of chemicd resdues. This promotion has increased demand
for game meat in Audrdia and oversess, dthough the mgor consumer in Audrdia remains the
restaurant trade, and in particular those restaurants servicing the tourist trade. The market for game
mest in overseas countriesis also increasing as popul ations grow and affluence increases.

In addition to offering opportunities to broaden the income base of agriculturd enterprises, wild
animd harvesting in Audtrdia may dso directly address problems of land degradation (see papersin
Grigg et d. 1995). It is generdly consdered that overgrazing by sheep and other herbivores has led
to degradation of Audrdia's rangdands since European settlement (Graetz 1988). Degradation of
the rangelands has seen the species compostion of grasdands change toward a community
containing more annua forbs and grasses and fewer perennid species (Beadle 1948; Perry 1977).
Grazing is dso believed to have inhibited the regeneration of some species of trees and shrubs
(Harrington et a. 1984). Both of these changes have led to an increase in soil erosion and a
reduction in water recharge rates (Woods 1984). Involvement of agricultural enterprisesin wildife
harvesting may represent a drategy whereby more benign forms of land use can be increasngly
substituted for traditiond agriculture, arresting or dowing the process of land degradation.

Wildlife harvesting may dleviate problems of land degradation for a number of reasons. Intrindc
atributes of native wildlife, including their co-evolution with native pasture resources, mohility,
pattern of landscape usage and dietary preferences, may make them less likely to cause land
degradation. Grigg (1988, 1989, 1995, 1996) has developed some of these ideas in association with
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his suggestion that the large species of kangaroos currently being harvested in Austrdia represent an
undervalued potentia source of income for rangeland graziers. While kangaroo farming per se is not
a feasble option for many reasons (Shepherd 1983), the harvest of free-ranging kangaroos could
occur with little modification to exiging agricultura infrastructure. Grigg (1995) argues that income
from kangaroo harvesting could potentidly alow graziers to run fewer stock, thereby reducing total
grazing pressure.

BOX 1.
NATIONAL STRATEGY FOR THE CONSERVATION OF AUSTRALIA’S
BIOLOGICAL DIVERSITY

The Nationd Strategy for the Conservation of Audtrdid s Biologica Diversity addresses the issue of
native wildlife usein Audrdia (Section 2.7 in ANZECC 1996) asfollows.

Objective:
To achieve the conservation of biologicd diversty through the adoption of other ecologicdly
sugtainable wildlife management practices.

Actions
In accordance with the World Conservation Union’s resolution on sustainable use, develop
wildlife use programs that create economic and other incentives for the retention, rehabilitation,
mai ntenance and management of naturd habitats.

Review the gppropriateness and ecologica sustainability of current management Strategies
involving the harvesting of native pecies by:

(8 ensuring that coordinated research into and monitoring of exploited species is undertaken to
determine ecologicd sustandhility;

(b) ensuring the development and regular review of management plans, for both domestic and
export purposes;

(c) ensuring that harvesting arrangements are based on the long-term viahility of the species
concerned; and

(d) ensuring thorough public consultation and government accountability in the management,
planning and implementation process.

Both ANZECC and ARMCANZ have placed the issue of sustainable use of wildlife on their
respective agendas a recent council meetings. ANZECC has established a Sustainable Use of
Wildlife Taskforce to examine existing programs for the sustainable use of wildlife in Audrdia and
New Zedland, and to identify options for enhancing these programs. Discussion papers on these
topics are being prepared. Another nationd initiative is the development of a Nationd Strategy for
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Rangdand Management (a joint project of ARMCANZ and ANZECC), which congders wildlife
harvesting as one of its central issues.

‘ANZECC and ARMCANZ have placed the issue of sustainable use of wildlife
on their agendas.’

This paper has been prepared to complement these other papers. To avoid duplication, this paper
does not ded in any detail with current harvesting programs nor, except where specific programs are
used as examples, with gtrategies to enhance financid returns and other incentives to rurd and other
landholders. Smilarly, we have not considered indigenous or traditiona uses of wildlife, which have
been reviewed recently dsewhere (Bomford and Caughley 1996). Instead this paper addresses
scientific, technical and economic issues that will determine how commercid use of wild animals on
agriculturd land can be achieved sugtainably. As such, our focus is dmost exclusively on the harvest
of free ranging species. We have not congdered wildlife farming (defined as intensve farming by
Hudson et d. 1989), because once wild animals are effectively enclosed (for example, as on buffao,
deer, emu and crocodile farms), issues impinging on ther management are largdy those of
husbandry. From the point of view of this paper, our primary interest is that the number of animals
taken from wild populations to stock such farms fdls within acceptable offtake levels. The methods
for determining acceptable levels are the same as those described herein for harvesting.

The paper only briefly condders the potentid for other commercid uses of wildlife on agricultura
land. For consumptive commercia use, such as safari hunting, the level of offtake and its regulation
would be addressed in the same way as sustainable harvesting rates. Non-consumptive commercid
use (namely tourism) does not remove animas <o is not relevant here. While there may be some
impact on the environment (dependent on the volume of tourism), direct impacts on anima species
are likely to be very different from those associated with harvesting.

1.1 Current wildlife harvesting on agricultural land

1.1.1 Thespecies

The native and introduced species of wildlife in Audrdia that are presently part of a commercia
trade in harvested products are:

Native species

Red kangaroo (Macropus rufus) Brughtail possum (Trichosurus vulpecula)
Eagtern grey kangaroo (M. giganteus) Emu (Dromaius novaehollandiae)
Western grey kangaroo (M. fuliginosus) Sdtwater crocodiles (Crocodylus porosus)
Walaroo or euro (M. robustus) Freshwater crocodiles (C. johnstoni)
Whiptall wallaby (M. parryi) Magpie geese (Anseranas semipal mata)
Bennett’ swalaby (M. rufogriseus) Muttonbird (Puffinus tenuirostris)

Rufous wadlaby (Thylogale billardierii) Ducks (severd species)
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I ntroduced species

Fera goat (Capra hircus) Feral came (Camelus dromedarius)
Ferd pig (Sus scrofa) Ferd buffalo (Bubalus bubalis)
Rabbit (Oryctolagus cuniculus) Banteng (Bos javanicus)

Ferd donkey (Equus asinus) Fox (Vulpes vulpes)

Ferd horse (E. caballus) Ferd cat (Felis catus)

Deer (severd species) Cane toad (Bufo marinus)

Some of the introduced species (for example, rabbits and foxes) were brought into Augtrdia for
hunting, while others (for example, goats, horses and pigs) were established as domestic stock
before escaping to form fera populations (Wilson et d. 1992). Most species of wildlife that are
commercidly harvested in Audtrdia are consdered pests and their exploitation istypicaly viewed as
aform of pest control. Some species are conddered agricultural pests because they compete with
stock for pasture, damage fences and watering points or prey upon domestic animas. Some species
are consdered environmenta pests because they modify native pastures; prey upon retive animas or
compete with them for food, water or shelter; or because their hard hooves are believed to compact
soil which may increase erosion.

1.1.2 Thecurrent system of harvesting

Mogt wildlife harvesting in Audrdia is done by professonas who do not pay fees to property
owners for the wildlife removed from ther land. However, it is increesngly common in South
Austrdia for professond kangaroo harvesters and processors to pay kangaroo tag fees to
landholders (Grigg 1995). Similarly, many recreational hunters pay landholders for access to
populetions of ferd animds resding on their land. Because wildlife is, in principle, a common
property resource belonging to no one (if introduced) or the Crown (if native), the commercia
industry is largely free to operate within the bounds of access rights crested by current regulations
and trespass law (but see Section 2.3) (Collins and Menz 1986). Furthermore, sSince most harvested
species are viewed as pests, the attitude that the harvester is doing the landowner a favour by
removing unwanted animas from their property is common amongst both harvesters and landholders.

1.1.3 Theproduct

The products of commercidly harvested wildlife in Audradia are primarily skins and megt. Most mest
derived from wildlifein Audrdiais sold as pet meet, despite Szable markets for human consumption
meet (game meset) oversess. Audrdia's contribution to overseas game meat markets has typicaly
been smdl and sporadic, dthough reatively large quantities of particular game mests (primarily ferd
pig and goat) have been successfully marketed into specific countries on a reasonably consstent
bads (Ramsay 1994). The inability of Audrdian game meat suppliers to find sgnificant markets for
many potentiad sources of game meet (including kangaroo meset) reflects to varying degrees
fluctuations in supply and qudity of product, the need for improved marketing and the influence of
commercia and conservation interests on the governments of potential markets.

‘The market for Australian wildlife products has not traditionally been lucrative.’
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The market for Audtrdian wildlife products has not traditiondly been lucrative. To alarge extent this
reflects prevalling attitudes to the resource and its products. For example, wildlife resources in
Audlrdia are seen as abundant, reducing the price consumers are prepared to pay for products
derived from the resource. Smilarly, most anima species that are harvested commercidly in
Audtrdia are consdered pests, a negative perception that tends to cloud their perceived value as a
resource. Findly, there is a limited culturd experience amongst Audrdians of game mesat
consumption. Collectively, these attitudes have mitigated againg the widespread development of a
domestic game mest industry based on human consumption.

1.2  Sustainability of wildlife harvesting on agricultural land

We define sustainable harvesting as harvesting which does not diminish the range and viability of
populations of the species across their extant range. Harvesting will be sustaingble if the rate of
offtake is st at alevd that can continue indefinitely into the future. In predicting whether a harvesting
regime will be sustainable, the important factors are: the biologica potentid of the species being
harvested; the technical limitations to its exploitation; the effectiveness of government regulations in
controlling offtake; the effect of market demand and changing society expectations on economic
viability; and the impact of harvesting on the natura environment.

‘Sustainable harvesting is that which does not diminish the range and viability of a target
species population acrossitsrange.’

Correspondingly, the following chapter will congder:

The ecological bass of harvesting (that is, how a population reacts to harvesting).
The economic factors affecting the profitability of harvesting.

Theissue of wildlife ownership.

Other socia and political congraints.

Achieving sugtainable harvests within these interlacing strictures.

gk~ owbdpPE

Following these assessments, we then explore the feasibility of sustainable harvesting in meeting the
gods of agricultura diverdfication, pest management and conservetion.
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2. FACTORSAFFECTING WILDLIFE HARVESTS

2.1 Theecological basisof wildlife harvesting

2.1.1  Wildlife populations

When people refer to ‘wildlife harvesting' they usudly imply an offtake from an identifiable group of
animds, the harvested population. Most people have severd interpretations of what a population of
wild animas is. When we talk about ppulaions we will usudly refer to a number of animals
occupying an area where they are subject to the same broad set of environmentd or management
conditions. Hence, when we describe changes in the abundance of such a population according to
factors representing environmenta or management influences, we imply that these factors affect most
of the animds in the population in amore-or-less smilar way.

2.1.2 Harvesting models

In most cases, awildlife population can be harvested sustainably if harvesting occurs at the same or a
lower rate than that at which the population would otherwise increase (Caughley and Sinclair 1994).
For this reason, when a sustainable harvest of wild animds is contemplated, the ecologica
relationships which determine the population’s rate of change in abundance should be understood so
that the sustainability of given rates of harvest can be assessed. These rdationships are generaly
represented as conceptua or mathematical models. Models which have been used to estimated
sustainable yields for wildlife populations can be divided into those which represent the dynamics of:
sf-limited populaions, populations limited by the availability of resources used consumptively (thet
is, food); and populations limited by the availability of resources used pre-emptively (for example,
nest Sites). Most harvesting models have been developed to predict yields of populations limited by
resources used consumptively, athough they have often been modified to consder harvests of the
other two classes of population. Commonly used harvesting modds fdl into two categories, single-
species models which assume some form of logistic population growth; and multi-species models
which do not (Caughley 1976).

‘Sustainable harvesting requires an understanding of the ecological relationships which
determine a population’srate of change in abundance.’

Single-species models

One of the smplest mathematicd models used to predict change in the abundance of an animad
population (N) over time (t) isthe logistic which has the form:
dN

N
— = mN 1__
il ( K)

where r, is the population’s intringc rate of increase and K its abundance at ecologica carrying
capacity (Caughley 1976). The intringc rate of increase of a population is the naturd logarithm of the
rate a which the population will grow in a given environment when resources are not limiting
(Caughley 1977). Ecologica carying capacity is either: the dendty of a population limited by
renewable resources where these resources are sufficient only to alow replacement of each member
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of the population in subsequent generations, or the dendty of a sdf-limited population where
crowding suppresses any further recruitment. In either case, K represents the population’s maximum
dengty. The trgectory of apopulation growing logigticaly is shown in Figure 1.

Population abundance

Time
Figure 1: Thetrgectory of a population growing logistically.

When applied to an anima population limited by the availability of its food resources, the logigtic
population mode implies that the population’s per capita food avalahility (the amount of food
available to each animal in the population) can be indexed by the abundance of the population itself
and hence the population’s instantaneous rate of increase () will dedine linearly with increasng
dengty until the abundance of resources is insufficient to generate a podtive rate of population
growth (Figure 2).

Such dengity dependence in r reflects the cumulative effects of density-dependent fecundity and/or
mortality a per capita food availability declines. The linear decline in r with increasing population
dengity assumes three important things about the relationship between the anima population and its
food resources:

1. The rate at which the population’s food resources are renewed is independent of the
density of the population. An example would be mice in a cage to which a set amount of food
is added daily, any unesten residua being removed. In this case, the rate of renewd of the food
resources is independent of the number of mice sharing the food.

2. The effect of food availability on r is instantaneous. For example, declining per capita

availability of food to the caged mice as their abundance increases is immediately reflected in
their fecundity and/or survival and hence prevaling r.
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3. The rate at which food is supplied to the population is constant. For example, the same
amount of food is added to the caged mice daily. This means that when the mouse population in
the cage eventudly atains a dendty where food resources alow only replacement of existing
mice in subsequent generations, this density will be a congtant (K).

population increase(r)

Exponential rate of

Density

Figure 2: Density-dependent variation in the exponential rate of increase (r) of a population growing
logigticaly.

Taken together, these assumptions explain why the logistic modd implies that the prevailing density
of the populaion provides a good index of its per capita food availability and hence r. These
assumptions aso explain why perturbation of the dendty of a population which grows logidticaly
above or below K aternately decreases or increases per capita food availability, leading to negative
or pogtive r, with the result that N moves back toward K. As such, a population which grows
logidicaly isregulated a K by the density-dependent influence of intragpecific competition for food
resources.

It is clear from Figures 1 and 2 that a population at any dengity (N) lessthan K will have pogtiver. If
ingtead of adlowing the population to grow & r, this potentiad growth were harvested each year, the
population would remain a N, its potential for increase (N) being removed as an annuad harves.
Under these conditions, r will be equivaent to the population’ s ingtantaneous rate of harvest (H). The
vaue of H required to hold a population at given N is the population’s annud productivity (HN).
Because HN represents the population’s potential growth over that year, HN can be removed year-
in year-out without affecting N. Hence HN is by definition asugainable yield (SY). For a population
growing logidicaly, HN for given N between 0 and K is caculated by:

N
HN=r, N(1-—
( K)
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The reaulting relationship between HN and N (dengty) is shown in Figure 3. HN peaks at 0.5K
producing a maximum sugtaingble yidd (MSY) of HN=0.25r,K harvested at an instantaneous rate
of H=0.5rn. As such, the logistic mode predicts that a population reduced to haf of its dengty a
carying capacity will produce its maximum net productivity and thet this will provide its maximum
potentid rate of harvest which would be taken a hdf itsintringc rate of increase. If the population is
harvested at H>r,, the harvest will be unsustainable, the population eventualy being harvested to
extinction.

Population productivity (HN)

=

Density

Figure 3: Productivity of a population growing logigticaly.

However, the three important assumptions of logistic population growth will not hold for many
wildlife populations. Mogt wild animds influence both the immediate availability of their food
resources and the rate at which those resources are renewed. Hence current food availability will be
a function of past rather than current anima dendty. Hutchinson (1948, 1954) atempted to
incorporate this effect by modifying the logistic moded so that the influence of N on r isdelayed by t-
T, where T is the lag between past N and current r. Typicaly T would be related to gestation length
and the period between parturition and recruitment. The delayed logistic mode predicts HN from N;
by:

Ner

HN = 1
Fn N ( K

)

When T>1, maximum productivity occurs a higher dendties than that predicted by the logistic
model (that is, to the right of 0.5K) (Figure 4). Density-dependent dynamics of many large mammal
populations limited by food avalability suggest that MSY pesks around 0.7K (Fowler 1981).
However, while ddlaying density dependence in r modifies the assumptions of independence
between N and rate of renewa in food supply and the immediate effects of food availability on r, the
assumption that food supply is congtant remains. This restricts the applicability of the delayed logigtic
modd to wildlife populations inhabiting constant environments (Caughley 1976, 1977). Hence, while
the delayed logistic model describes population growth trgjectories that correspond more closdy
with those estimated for many wildlife populations (and for large mammads in particular) than that
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predicted by the logistic modd, these populations dmogt invariably occur in demongrably stable
environments.
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Population productivity (HN)

1
Density K

Figure 4: Productivity of a population growing according to the delayed logistic modd.

In order to predict r (and hence HN) for wildlife populations inhabiting environments where food
resources fluctuate independently of anima dendty, variation in the availability of food and the
response of r to such variation, must be explicitly incorporated into predictive models. Because these
models explicitly describe variation in the abundance of more than the wildlife species of interest,
they are caled multi- species models.

Multi-species models

Caughley (1976) developed an interactive plant—herbivore mode which described coincident
variation in the abundance of a herbivore population and its food resources through three functions:

1. The growth of ungrazed vegetation as a function of vegetation biomass. Because most plant
populations grow logidtically, a parabola (Figure 5) described this function.

Vegetation productivity

Vegetation biomass

Figure 5: Productivity of ungrazed vegetation.
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2. The functional response of herbivores that describes variaion in thelr per cepita rate of
vegetation intake as a function of vegetation biomass. Holling (1959, 1965, 1966) proposed
three generd types of functiona response. A Type | functiond response is characterigtic of a
forager that consumes food in proportion to the forager’s rate of encounter with food items (for
example, a filter feeder), until saturation levd is attained. Beyond saturation, the rate of food
intake is a congtant. A Type Il functional response is characteristic of foragers that require some
time to handle and ingest food. The ‘cost’ of handling and ingestion time leads to the functiond
response rising at a decreasing rate, to an asymptote equivaent to the rate associated with the
forager’s saturated feeding rate. Type Il functiond responses are characterigtically sgmoidd,
and result from ether the consumer learning to avoid certain prey types when the prey are a low
dengity (Holling 1966; Red 1977), or from the prey having arefuge from predation. Type Il and
[l functional responses are typical of most herbivores (for example, Short 1986; Gross et d.
1993; Ginnett and Demment 1995). A Typell reponsefor heivaresisdhoamnin Hgure6.

Vegetation intake rate

Vegetation biomass

Figure 6: The Type Il functional response of a herbivore to variation in vegetation biomass.

3. The numerica response of herbivores that describes variation in the exponentia rate of increase
(r) asafunction of prevailing vegetation biomass. The numerica response usualy takes the form
of asaturaion curve, with maximum r (that is, ry) aoproached asymptaticaly at high vegetation
biomass (Figure 7).
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Exponential rate of population increase (1)

Vegetation biomass

Figure 7: The numerica response of a herbivore population to variation in vegetation biomass.

These functions are linked in two smultaneous equations which predict reciprocd vaidion in the
abundance of herbivores and the vegetation they feed upon. In contrast to the two logistic-based
models described previoudy, the interactive model does not assume K to be constant. Hence r and
H are not associated with any given N, but with prevailing vegetation biomass according to the
numerica response. If, however, variaion in vegetation biomass is primarily afunction of the grazing
activities of the herbivore population itsdf, there will be a tight relationship between herbivore
dengty, vegetation biomass and hence r. In this case, the assumptions of the logistic-based models
may be approached and these models might be used as a ‘short-hand’ method for gpproximating
sugtainable yields and the herbivore population dendty from which they may be taken.

The degree to which herbivores influence the avallability of their food resources will depend on the
vaiability of the environment in which ecosystem exids, and the relative efficiency of the reciproca
feedback between vegetation and herbivore aoundance which is determined by the efficiency of the
herbivore s numerica and functiona responses to variation in food availability. Stocker and Walters
(1984) used a hypotheticd modd of deer—vegetation interaction to identify optima harvesting
drategies for a deer population, and to examine the effect of sochagtic variation in mortdity rate and
the form of dengty-dependent vegetation productivity on the optimdity of different harvesting
Srategies.

Because vegetation growth (and hence biomass) varies with environmenta factors such as rainfal,
offtake by the herbivores and the biomass of the vegetation itsdf, a any point in time vegetation
biomass will rarely be sysemeticaly rdaed to herbivore density. This means that both vegetation
biomass and herbivore dendty need to be taken into consideration in order to accurately predict HN,
and that predictions of HN may hold for only short periods of time. For example, Caughley (1987b)
esimated the interactive modd for a grazing sysem comprisang red kangaroos and chenopod
shrubland pastures in Audrdia s semi-arid rangelands, and used the modd to explore harvesting
drategies for kangaroos. To account for the intrindc lability of the grazing sysem, Caughley
advocated harvesting a set proportion of the kangaroo population rather than a set density or quota
asisthe usud case for harvests based on logistic harvesting models (see Section 2.5). By smulating
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repeated harvesting of a kangaroo population at different proportional rates, Caughley identified that
a harvest rate of 10 to 15% of prevailing dengty maximised long-term red kangaroo offtake on an
area bagis (that is, red kangaroos harvested/knt) (Figure 8). This proportional rate corresponds to
an ingantaneous harvest rate of H=0.14, which is taken regardless of prevailing population dengity
or whether kangaroo abundance isincreasing or decreasing.

Such a drategy baances the offtake of kangaroos againgt sochagtic variation in the avalability of
their food resources. In a general sense, the rate of harvest which achieves this balance will depend
on the variability of the environment which the harvested population inhabits and the rdative
efficency of the three functions defining the interaction between the population and its food
resources. The logistic mode predictss MSY a H=0.5r,, which for red kangaroos is
H=0.5(0.4)=0.2, 30% higher than H=0.14 predicted from the interactive modd!.

‘Harvesting a set proportion of a population balances offtake against variation in the
availability of food resources.’

Huctuating food availability depresses MSY because the numerica response of the harvested
population is generdly asymmetricd (thet is, maximum exponentia rates of decline are higher than the
maximum exponentid rate of increase), incrementa decreases in food availability lowering r more
than corresponding increases devate it. Hence as variation in food availability increases, so does the
amount of time the population spends decreasing as opposed to increasing. This means that as
environmental variability increases and/or the efficiency of reciproca feedback between food
resources and population abundance decreases, MSY for the harvested population will decline from
that predicted by logistic-based models (that is, logistic-based models overestimate MSY for
populations inhabiting less than dable environments, the degree of overestimation increasing
proportiondly to the degree of intringc environmenta variability).

Yield (kangaroos/km?/year)

0 I I 1 1
10 20 30 40

Harvest rate (% of population)

Figure 8: Variation in the average yield achieved by unselective harvesting of a modelled red
kangaroo population as a function of harvest rate (after Caughley 1987b).
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Harvesting models for populations limited by resources used pre-emptively

Many wildlife populations are limited by the availability of resources which they use pre-emptively,
such as negting holes, rather than resources used consumptively such as food availability. Beissnger
and Bucher (1992) and Caughley and Sinclair (1994) argued that the growth trgectory of such a
population would take the form of a ramp, representing exponential population growth until the
limited availability of the resource truncates further growth. As such, yield increases with population
sze until the effects of the limiting resource begin to operate (Figure 9). The MSY for such a
population will be MSY =r K (r+1), taken from N=K(rn+1). Caughley and Sinclair (1994) point
out that according to these relationships, MSY will correspond to a population size of N<0.5K only
when r>1 and as few vertebrate populations could generate such high rates of increase, MSY for
these populations will generdly correspond to N> 0.5K.

Harvest rate

Population size

Figure 9: Reationships among population size, harvest rate and sustained yield for a population limited
by aresource used pre-emptively (after Caughley and Sinclair 1994).

2.1.3 Complicationsto harvesting models
Age/sex biased harvesting

Caughley (1977) examined the consequences of age and sex biased harvesting for the size of
sugtainable yidds which can be taken from wildlife populations. Prevailing r for a population is a
product of the population’s age-specific rates of fecundity and mortdity, and hence will be influenced
by the population's age-gructure (particularly that of the femae segment of the population).
Caughley (1977) argued that the necessary compromise between taking as many femaes as possible
from those age-classes that contribute least to the population’s productivity while at the same time
leaving an age-digtribution that will provide enough femaes to enter these age-classesto provide the
same yidd in the following year, tends to cancel out any net benefit of age-sdective harveding in
terms of increased r. Caughley (1977) concluded that with a few specific and generdly trivid
exceptions, age-pecific harvesting affords no sgnificant increase in yield over unsdective harvesting.
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Further, the additional costs associated with harvesting animals of specific ages may offset any
margind increasein yield afforded.

‘Selective harvesting of malesin a population may allow substantial increasesin
sustainable yield over that derived from non-selective harvesting.’

In contragt, sdective harvesting of mdes in a population may dlow subgtantid increases in
sugtainable yield over that derived from non-sdective harvesting. Caughley (1977) pointed out that
because many wildlife species are promiscuous, the ratio of maes to femdes in a population will

have little influence on the proportion of females fertilised until the ratio fals below some threshold
where the ability of maes to find dl available femdes or the physical capacity of males to copulate
with dl available femdes, is compromised. As such, the proportion of maesin a populaion will often
have little influence on r until this threshold is reached, and for many populations this threshold will be
well below that associated with the rate of harvest contemplated. For example, mae-biased
harvesting of red kangaroos alows populations to be harvested sustainably at rates substantidly in
excess of the 15% predicted as the maximum unsdlective rate by Caughley’s (1987b) interactive
modd.

Effect of predation

The potentid effect non-human predation may have on the Sze and/or sustainability of harvests has
received little attention in the development of harvesting modds. Thisis because the role of predation
on the abundance of wildlife populations is not clearly understood (Skogland 1991; Boutin 1992;
Messer 1994). Depending on whether dl, some or no animas harvested from a population would
otherwise have been doomed to predation, predation could represent a compensatory, partialy
compensatory or additiond remova of animas from the harvested population. In the first case,
predation has no effect on the harvest, athough it may influence the abundance of the predator
and/or dternative prey species. In the second and third cases however, the number of animas
removed from the population through predation will reduce the size of the population independently
of the harvest. This will have consequences for the Sze and/or sustainability of a harvest that may or
may not have been accounted for in determining an appropriate harvesting rate, depending on how
the rate was estimated; whether predation was operating at the time the rate was estimated; and how
congtant the effect of predation is.

‘The extent of predation will have consequences for the sustainable size of a harvest.’

Predator control is often conducted with the am of increasing harvests of their prey, particularly in
North America where predators are controlled to increase the numbers of ungulates available for
recregtiona hunting. Boutin (1992) reviewed the outcomes of saven such programs and concluded
that while predator remova appeared to generdly enhance juvenile survivd, there was evidence of
an actud increase in ungulate abundance in only one case, moose responding to wolf removd in
central Alaska. Boutin (1992) concluded that increased recruitment resulted from predator control,
but this was compensated for by a shift in some other demographic trait (adult surviva and/or
fecundity), resulting in no net gain in the Sze of the ungulate population avallable for harvesting.
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214 Theeffect of competition

The abundance of some species may be determined wholly or partidly through competition with
other species for limiting resources. Competition can take the form of consumption by one species of
a resource making it unavailable for another (laissez-faire competition), or by interference from one
species dfecting the ability of another to procure a limiting resource (interferentia competition)
(Caughley and Sinclair 1994). In either case, the actions of one species exacerbate any shortage of
limiting resources that the other species would suffer in the absence of competition. While this may
affect the yied derived from a given rate of harvest for populations limited by resources used
consumptively, it will not influence the actud rate a which this yied will be optimd. For example,
adding a competitor which egts the same proportion of available food as red kangaroos to the
grazing modd which Caughley (1987b) used to identify optima unsdective harvesting rates (see
Section 2.1.2, Figure 8 indicates that the optima harvest rate remains around 10% of prevailing
population size but the yield at that rate is reduced by over 50% (Figure 10). This occurs because
while competition operates through a reduction in the availability of the limiting resource (pasture), it
does not affect the relaionship between the harvested population’s rate of increase and the
avallability of this resource (the numerica response).

Yield (kangaroos/km?/year)

0 T T T 1
10 20 30 40

Harvest rate (% of population)

Figure 10: Variation in the average yied achieved by unsdective harvesting of a modelled red
kangaroo population as a function of harvest rate in the absence (dots) and presence (open circles) of a
population of competing herbivores (after Caughley 1987b).

Therate of change in a populations whose abundance is limited by resources used pre-emptivey (for
example, nest Stes) remains at a congtant maximum ¢,,) until the limiting resource is completey
utilised (see Section 2.1.2). Hence the harvesting rate will dso be a constant maximum up to this
point, producing ayield that increases until the shortage of the resource forces the rate of increase to
decline. Competition for the limiting resource will reduce the sze of the population where rate of
increase declines from its maximum rate to 0 and hence the Sze of the maximum yield. For example,
the abundance of cockatoos in an area may be limited by the number of nest holes available. Hence,
an unharvested population will increase a its maximum rate until al nest holes are used. The
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maximum yield obtainable from this population would be taken as the equivaent of the population’s
intringc rate of increase from a population held just below the dendity a which nest holes become
limiting. If a second non-harvestable species of bird that competed successfully with cockatoos were
present it might reduce the availahility of holes to cockatoos by 50%. While the optimum harvest rate
for the cockatoo population would remain equivaent to the population’sintringc rate of increase, the
yield would be halved because the Size of the population from which the harvest can be taken has
been hadved. Hence, competition for limiting resources used either consumptively or pre-emptively
will not affect the optimum rate a which a population can be harvested, but will reduce the yield that
is obtained by reducing the Sze of the harvested population.

‘The abundance of some speciesis partly determined by competition with
other speciesfor limiting resources, such asfood.’

2.1.5 Practical implicationsfor sustainable harvests of wildlife

In summary, theoreticd and empirical studies of harvesting in reation to the dynamics of wildlife
populations indicate the following points:

In generd, a harvest will be sustainable if the average rate of offtake does not exceed the rate at
which the harvested population would otherwise increase. Hence, sustainable rates of harvest can
be obtained from a wide range of population dengties, athough the actud rate will depend on a
number of factors.

For populations limited by the availability of resources used consumptively (for example, food),
the maximum rate of harvest & any point in time will be determined by the availability of these
resources. Where a close association between population size and per capita resource availability
exigds (that is, where the environment is relaively congant and/or there is a tight reciprocd
influence of anima dengty and resource avalability), harvestable yield will tend to be consgtently
related to population density. For such populations, an MSY of 0.5r,, can be taken from a
dendty of around 0.5K where the association between populaion density and r operates
ingantaneoudy, and from dengties approaching 0.7-0.8K where that association is delayed.
Where the reationship between population size and per capita resource avallability is less
systematic (that is, where the environment fluctuates more widdy and/or the reciprocd influence
of animas and resource avalability is loose), the association between population density and
harvestable yield will be less direct or non-existent. For these populations maximum harvest rate
will not represent a congtant number of animas, nor will there be a congstent density from which
the maximum harvest rate is taken.

For populations limited by the availability of resources used pre-emptively (for example, nest
gtes), the maximum rate of harvest will dso be determined by the per capita avallability of these
resources. Hence, as long as the availability of these resources remains congant, there will be a
congstent relationship between population density and yield and a predictable densty from which
MSY can be taken.

While age-biased harvesting will not generdly prove more efficient than a non-sdective harves,

for many species sdective harvesting of males may alow populations to be harvested a rates
substantidly in excess of MSY. This is because lowering the ratio of maes to femaes in a
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population will not generdly reduce the proportion of femdes fertilised until some usudly low
threshold ratio is reached.

‘Harvest rates need to be adjusted for factors such as predation, competition
and sex or age-biased hunting.’

Collectively, these points suggest that in order to initiate a harvest of a wildlife population which
approaches its maximum sustainable yield we need to know:

1. the population’sintrinsc rate of increase’ (ry);

2. theprimary factors affecting variation in a population’ s rate of increase;

3. where these factors are resources used consumptively, the degree of variability in their availability
and the strength of reciprocd influences of anima and resource abundance;

4. where these factors are resources used pre-emptively, what factors determine their availability
over time;

5. the influence of predation on the population and whether predation is compensatory, patidly
compensatory or additive to harvesting; and

6. where a sdective harvest of maes is contemplated, the relationship between madelfemade ratio
and the proportion of available femdes fertilised.

In practice, what will usudly be known is an estimate or ‘guesstimate’ of r, perhaps some idea of
whether the population to be harvested is limited by resources used consumptively or pre-emptively,
and in some cases whether predation is having an influence on the population’s dynamics. To begin
harvesting a population on the basis of this type of information would require identification of an

gopropriate (safe) initid rate of harvest; and information that should be collected to further refine this
esimate by moving the rate of harvest toward its maximum sustainable rate. Section 2.1.2 describes
how a maximum rate of havest can be edimated from the logisic growth modd using the
population’s intringc rate of increase (), which for some species has been estimated directly (for
example, ferad donkeys (Choquenot 1990), red and western grey kangaroos (Bayliss 1985), ferd

pigs (Giles 1980; Choquenct 1994)), or for certain taxa can be approximated from body weight (for
example, Caughley and Krebs 1983).

However, because the assumptions of logistic population growth restrict its applicability, estimates of
maximum harvest rate caculated from r, using the logistic mode should never be used as an initid
rate of harvest. Rather, they should represent a starting point for arriving a an appropriae initia
harvest rate, based on what is and is not known about factors affecting variation in r for the
population. For example, Section 2.1.2 describes how increasing environmenta variation and/or
decreasing efficiency in the reciproca influence between vegetation and herbivore abundance leads
to a reduction in maximum sustainable harvest rate for the herbivore population below that estimated
by the logistic modd. In order to integrate these influences, relaive measures of environmenta

! The intrinsic rate of increase () is defined as the exponential rate at which a population with a stable age
distribution will grow when no resources are in short supply (Caughley 1977). However, in highly variable
environments, such as Australia’s arid and semiarid zones, stable age distributions are unlikely to occur. Under
these circumstances maximum r can be higher or lower than ry,, and can best be described as [, the maximum

exponential rate of growth when limiting resources are not in short supply. In order to estimate this parameter, the
numerical response of a population to its limiting factor/s must be estimated and variation in asymptotic val ues of
r (that is, those above the level wherer appears to saturate) averaged.
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variaion and the strength of reciprocal influence between resource and anima abundance should be
obtained, and the maximum rate of harvest derived from the logistic mode adjusted accordingly.

‘Greater margins of error need to be allowed for in determining the sustainable
yield of populationsin variable environments.’

Caughley and Sindair (1994) offer some useful rules of thumb regarding the setting of sugtainable
harvesting rates. They suggest that a harvest rate about 25% below the maximum sustainable yield
should leave a sufficient margin of error so that a population is not overharvested. However, they
aso caution that the difference between the maximum sugtainable yield and this ‘safe’ harvesting rate
should be increased for animas living in highly variable environments.

Table 1 suggests multiplicative factors to correct estimates of Hyx estimated from the logistic modd
for the effects of four levels of environmentd variation (measured as the CV% in year-to-year
ranfdl), and reciproca feedback between resource and anima abundance (measured asthe CV% in
a sequence of abundance estimates for an unharvested population inhabiting the same environment to
that of the population for which harvesting is contemplated, collected over an appropriate time
scae).

While rainfal will represent a suitable measure of environmenta variation for many species, more
gppropriate measures may be apparent for particular cases (for example, variation in the frequency
of flooding for some water birds). Similarly, if direct measures of the strength of reciprocal feedback
between resources and animds are available (for example, the functiona and numerica responses of
herbivores to variation in pasture biomass), these will represent a better relative measure of the ability
of apopulation to respond to environmenta stochagticity than will variation in aoundance done.

Table 1: Suggested correction factors to discount initia harvest rates (calculated from H=0.5r)
according to the intrinsic variability of the environment (here indexed by CV% rainfal) and the
gpparent ability of the population to respond to this variation (here indexed by CV% N over an
appropriate length of time).

CV% rainfall
0-20 20-50 50-75 >75
0-20 0.8 0.7 * *
CV% N 20-50 0.7 0.6 0.5 0
50-75 0.6 0.5 0 0
>75 0 0 0 0

*  Indicates combinations of environmental variability and population stability that are biologically
improbable, suggesting indices are either inappropriate or inaccurate.

0 Indicates combinations of environmental variability and population stability that suggest that
additional information is needed about the population to be harvested and those factors which affect
variation in its abundance before an initial harvest rate can be set.

For example, if a harvest of red kangaroos at Menindee near Broken Hill in western New South
Wales were contemplated and the only information available about the population was an r,, estimate
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of 0.4, we could use the logistic modd to estimate MSY a H=0.5r,=0.5(0.4)=0.2. We could then
cdculate the CV% of rainfal for Menindee (47%) and of kangaroo numbers derived from aerid

surveys over 10 years in this region (62%0). Applying these values to Table 1 yidds a multiplicative
correction factor of 0.5 suggesting an initid harvest rate of 0.5(0.2)=0.1. According to Caughley’s
(1987b) modd, the optimum unsdective harvest rate for this population is around 0.10-0.15,
suggesting that this first approximation is sufficiently conservative not to threaten the population. As
the harvest progressed, additiona information on the specific interaction between kangaroos and the
resources that determine variation in their abundance should be collected to adjust the harvest rate
where gppropriate. If survey data had indicated CV% in the abundance of an unharvested kangaroo
populations in excess of 50% for the Menindee district, Table 1 would have suggested no harvesting
occur until additiond data were available by which to determineits sustainability.

The vaues given in Table 1 should be used only as a guide. If a population to be harvested were
subject to predation or intermittent mortdities due to abiotic processes (such as floods), or the
harvest contemplated was strongly sex or age biased, initid harvest rates would need to be reduced
to some degree, or the harvest halted until an gppreciation of the effects of these factors on r was
established.

2.2  Theeconomic basis of wildlife harvesting

While a range of economic and socio-economic factors potentialy impinge on various aspects of
wildlife harvedting, three rdlated issues directly affect harvest sugtainability: (1) the discount rate
applied to the harvested resource relative to the harvested population’s intrinsic rate of increase; (2)
the relaionship between population densty and the cost of harvesting individud animds, and (3) the
rel ationship between the vaue of harvested commodities and their supply and demand.

2.21 Discount ratesand rates of increase

Where a harvest is unregulated, a harvester will generdly harvest at a rate (H) that maximises the
present vaue (PV) of the net revenue generated from the harvest (the vaue of the harvested
commodity less harvesting costs), discounted into the future at some rate (d) (Clark 1973; May
1976). Discounting is used so that the vaue of revenue generated by the dternative strategies open
to the harvester for taking animals in the future can be compared according to their present vaue.
Discounting can be applied formaly or may smply represent an intuitive judgement on the part of
individud harvesters. For a harvester operating in an economicaly rationa way, the gppropriate
discount rete to apply to estimate present vaue of future revenue will be the prevailing bank interest
rate. This approach encompasses the consideration of short and long-term economic benefits a
harvester will typically make in deciding the appropriate level a which to harvest a population.

‘ Species which have a high market value but a low rate of increase
are susceptible to unsustainable harvesting.’

May (1976) used this line of argument to generdise that maximisation of PV will alow harveststo be
sugtainable only when r>d. Where d>r,, economic imperative will dictate that H>r,, and the
harvest will be unsustainable. Hence, H will depend on the perceived or estimated PV of the net
revenue of future harvests, which in turn depends on the ratio of dto rp,. If d is consdered a
condant, the sustainability of harvesting a population of animas will depend upon r,. If the current
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bank interest rate were 5%, I, for the harvested population would need to exceed 0.051 for the
harvest to be sustainable.

Resource access and property rights (see Section 2.3) will aso influence the PV of the future
resource and therefore decisons about the rate a which to harvest wildlife populations. For
example, if accessto the harvested population is open, animals eft behind to ensure the sustainability
of a harvest will likely be removed by other harvesters. In such a system, harvesters operating
optimally will take dl animas that can be obtained, as long as the cost of harvesting these animds
does not compromise the harvester’s minimum revenue requirements. In this sense, a harvester
operating optimaly should stabilise H at a vaue which maximises the net revenue accruing from each
anima harvested, regardless of whether or not H leads to a sustainable harvest (Clark 1990).

Harvesters will operate at levels dictated entirdy by economic imperative where they are permitted
to do so. All native wildlife populations are publicly owned (see Section 2.3), giving the public an
important stake in decisions about whether these populations are harvested at dl, and if so a what
rate. Public interest in native wildlife harvests essentidly takes two forms: whether the harvest is
sudtainable (that is, is harvesting at arate dictated exclusvely by economic factors sustainable?); and
whether the harvest compromises an dternative use for the population (that is, does harvesting at an
economicaly optimd rate compromise the availability of the population for uses such as viewing,
recregtiona hunting, or preserving an intact natural ecosystem?). In the first case, public interest may
take the form of a publicly held discount rate on the harvested resource which is lower (in some
cases, 0) than that employed by the harvester, while in the second case the dternative use of the
population may increase the value of the resource itsdf. Either factor will require harvesters to
operate at rates below that dictated solely by economic considerations.

‘Public interests and resultant government regulation will require harvestersto
operate at rates below that dictated solely by economic considerations.’

Even where economic factors do not operate to restrain harvesting operations, rates of harvest may
be redricted by regulation or legidation. The interests of society in wildlife harvesting are usudly
embodied in the government agencies empowered to oversee wildlife harvests. Caughley and Sinclair
(1994) warn againg the development of ‘symbiotic' relationships between these regulating agencies
and industries based on harvests, which could lead to actions on the part of the management agency
that support the wellbeing of the indusiry rather than the interests of the public. The development of
such relationships impinges on any system of regulation which seeks to baance economic returns
accruing to individuas from the exploitation of resources in which the public retains some sgnificant
interest.
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2.2.2  Profit in wildlife harvesting
Net revenue from each harvested animd (R(x)) can be calculated as.

R(x) =v(x) - C(X)

where v(X) is the value of the saleable product obtained by harvesting each animal a population size
X, and C(x) isthe cogt of obtaining each animd a population sze x. Factors such as sex, weight and
the interaction of supply and demand (see Section 2.2.4) determine v, which determines the actud
profit accruing to the harvester (the commodity vaue less the codts of obtaining it). However, most
harvesters will have a minimum acceptable profit (,) based on their income expectations, below
which they will not dlow the average profit derived from each anima harvested to fal. Hence, R(x)
must be greater than p,, or dterndively, v(x) - C(X) - pa must be greater than 0. Given this, pa
should be rdatively congtant through time (subject to inflation), and any change in circumstance
which decreases v(x) or increases C(x) such that v(x) - C(X) - pa < O will mean thet the harvester’s
minimum revenue requirements will not be met. Under such conditions, a harvester has the option of
curtailing the harvesting operation or switching to a more profitable location or species.

2.2.3 Thecost of harvesting animals
The cost of obtaining each anima to harvest (C(x)) will vary according to:

C(x) =¢, +c,(x) +c (¥

where ¢, isthe cost of handling each animd (that is, anmunition, time taken to field dress and amilar
costs), cy(x) isthe cost of searching for animas to harvest, and ¢(x) is the cost of travelling to the
location where animds are obtained and returning to the base of the harvesting operation (that is, the
chiller or shooting camp). Handling cost (C) is assumed to be independent of population size (x),
while searching (cs) and traveling (c;) costs will depend upon the population size of the harvested
animd. If the harvested population is a a high dendty, search and traveling time will be relatively
smdl. However, as the dendty of the harvested species decreases, more time must be spent
searching and travelling to find animals to harvest.

‘Asthe density of a harvested species decreases, more time must be spent
searching and travelling to find animals to harvest.’

Some understanding of how the condtituent costs of harvesting vary with anima dendty can be
obtained from classica predator—prey (Holling 1959) and optima foraging theory (Stephens and
Krebs 1986). The Type Il functiona response of predator—prey theory suggests that the rate at
which prey are consumed by a predator rises to an asymptote at a decreasing rate (Figure 11a)
(Holling 1959). For a harvester, the rate at which animals are harvested is a function of the average
time required to locate each anima (search time) and that involved in dispatching and fied-dressing
eech (handling time). As prey dendty increases, the search time required to locate individud animas
to harvest decreases but handling time remains congtant. At very high densities, the harvester may
spend very little time searching for animads to harvest dlowing harvest rate to saturate at a leve that
correponds with the time taken smply to handle each harvested animdl.

If the time taken to consume prey represents a cost to the predator, then the cost of predation will be
the inverse of the functiond response (Figure 11b). For a harvester, the cost of harvesting each
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animd is the vaue of the time and resources expended in finding each animd, then dispatching, fied-
dressing and trangporting it back to their base of operations. This cost decreases curvilinearly from a
theoretical maximum at low anima dengty, reflecting the decreasing time required to find animas as
their dengity increases, and the reduced distance from the base of operations harvesters have to
travel to find animds to harvest. Above some threshold anima density, cost gpproaches a constant
minimum representing handling time aone. Beyond this threshold, animal dengty is such that the time
taken to locate animasto harvest and trangport them back to baseis negligible or constant.

—_
D
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Animals harvested per unit time

Density
(b)

Cost per animal harvested

Density

Figure 11: Variationin (a) harvest rate and (b) its reciprocal time per animal harvested (cost), as a
function of population density.

2.24  Demand and supply, density and harvest rate

In purely economic terms, the relationships between price and demand; and price and supply, will
dictate how the dengity of the harvested population influences harvest reate.
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Demand curves define the total quantity of a given commodity (Q) that consumers will purchase per
unit time, a each price level p (Clark 1990) (Figure 12). The dadticity of a demand curve (&)
describes how sensitive demand is to price, its vaue reflecting the percentage decline in demand for
every 1% increase in commodity price (Clark 1990). If e;>>1, asmdl change in price resultsin a
large change in demand, and demand is said to be highly elastic. Commodities for which there are
reedily avallable subdtitutes usudly have highly dastic demand curves, because if price increasess,
consumers Smply switch to an dternative product. Alterndtively, if e;<<1, demand is said to be
highly inelastic in which case a change in price has little effect on demand. Essentid commodities
with no subdtitutes typicaly have indagtic demand curves, especidly if they represent a smdl
proportion of total consumer expenditure (Samuelson et a. 1970; Clark 1990).

Inelastic demand curve

Price

Elastic demand curve

Demand

Figure 12: Elastic and indlastic demand curves (after Clark 1990).

Supply curves relate the quantity Q) of a commodity that producers will supply at certain price
leves (p) (Clark 1990) (Figure 13). Aswith demand curves, supply curves can display dadticity (&),
increasing price having a greater or lesser effect on supply. In a competitive supply environment, the
intersection of the supply and demand curve will determine the demand, supply and price of a
commodity.

These relationships can be used to determine the effect of economic factors on harvest (supply) rate
for wild anima commodities. The three important factors examined here are the effects of:

marketing to increase commodity price;

asupply limitation such as a quota systlem; and
setting supply independent of demand (minimum pricing).
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Figure 13: Elagtic and inelastic supply curves (after Clark 1990).

2.2.4.1 Marketing

Increasing the value of native anima commodities through marketing has been advocated as away of
achieving conservation objectives by meking exploitation of naturd ecosysems economicaly
competitive with less benign land uses (McNedly 1988; and see Section 3.3). The degree to which
marketing can increase the vaue of each anima harvested depends on the ratio of supply to demand,
the degree of competition between harvesters, and the operation of any limitation to the size of the
harvest such as that imposed by a quota system. Marketing seeks to decrease the eagticity of the
demand curve (gy), leading to maintenance of high demand despite increasing prices, and/or increase
the base leve of demand (the demand for the product if it were free).

‘Marketing seeks to decrease the elasticity of the demand curve’

In an open-access harvesting system where harvesters work to supply demand, competition will

operate to restrain the price per anima a a minimum set by the cost of harvesting (C(x)) and the
harvesters minimum acceptable profit (p,), despite any increase in the level of demand. Aslong as
supply outstrips demand the price per anima will remain at this congtant minimum, only the harvesting
rate risng to meet any increase in the base leve of demand. Increasing demand may eventudly lead
to harvest rates which reduce the dengity of the harvested population to the point where search time
(cs(Xx)) increases, leading to concomitant increases in overdl harvesting costs (C(x)). Under such
circumstances, if minimum accepteble profit (,) remans congant, the harvester would have no
choice but to ether increase the price charged for the animad or product (V(x)) such that V(x)-C(x)-
pP.=0 or to cease harvesting. If the harvester increases V(x), then depending on the prevailing shape
of the demand curve, demand will decline to some degree, reducing harvesting rates.

Increasing price and decreasing demand will eventudly lead to a rate of harvest which will stabilise
the population a a dendty where c4(x) is such that again V(x)-C(x)-p.=0, and the cost of supplying
product equals the value of product demand. Because any increase in price associated with arrival at
this equilibrium is accounted for by increased codts, the profit per anima accruing to the harvester
remains constant despite the increase in demand. Depending on whether or not harvesters were
operating a 100% of their capacity, any increase in demand arisng from marketing would be a
reason for harvesters to increase the number of harvested animds, or smply alow nore harvesters
to enter the industry.
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BOX 2:
AN EXAMPLE — KANGAROO HARVESTING TO ACHIEVE
CONSERVATION BENEFITS

Grigg (1987, 1988, 1989, 1995, 1996) has suggested that increasing the vaue of commercidly
harvested kangaroos would dlow rangdand graziers to supplement their income and diversify their
enterprise. This could prompt graziers to reduce dendties a which they stock domestic animds,
leading to improvements in range condition that would have conservation benefits. In an economic
andysis of ahypothetica grazing property, Young and Wilson (1995) concluded that the value of
kangaroo meat would have to increase to at least the present vaue of beef or lamb for kangaroos for
graziers to contemplate kangaroos as a viable dternaive to domestic stock. To achieve such
increases in the value of harvested kangaroos, Grigg (1995) advocates that kangaroo meat be sold
as a speciaty mest rather than as a subgtitute in competition with traditiona sources of red mest such
as beef or lamb.

Demand curves for exported kangaroo products over recent years indicate that demand for most
kangaroo products including game mest is highly dastic (Appendix 1; Ramsay 1994). This suggests
that an increase in demand or supply will not increase market price paid for harvested kangaroos.
Given that promotion of kangaroo meat for human consumption seeks to place kangaroo meet in a
market where ready subgtitutes exist, marketing would have to be exceptionally successful if it isto
make demand curves indadtic to the point where the effect of price on demand is subgtantidly
reduced (Clark 1990).

Interestingly, the export kangaroo product for which the demand curve dready appears to be
indadtic, raw fur skins, does not feature prominently in Grigg's (1995) strategy to enhance the value
of harvested kangaroos. A likely reason for the inglastic demand curve is that kangaroo skins are a
preferred product for high qudity sports shoes for which there appears a limited number of
substitutes. For example, data presented in Ramsay (1994) (and summarised in Appendix 1) indicate
that an increase in price paid per skin from $7.80 in 1987-88 to $12.20 in 1990-91 dicited little
change in gpparent demand. Some condderation of the capacity of marketing to increase base-leve
demand for this ostensibly valuable use of harvested kangaroos would seem a sensible adjunct to any
moves to increase the demand for kangaroo game mest.
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2.2.4.2 Quotas

A different circumstance arises where a limit such as a quota is placed on the maximum number of
animasthat can be harvested. If the prevailing levd of demand is below the upper harvest limit set by
the quota, the quota will have no effect on the relationship between demand and price. However, if
the level of demand exceeds the permissible quota, the dadticity of the demand curve is reduced
(Figure 14).

Quota

Price

\ Demand

P2 C < - >
Py et »N

Demand

Figure 14:. The effect of a quota on commodity price (P) where the quota limits supply below
demand. The price increase from P, to P is due to marketing effects on the dadticity of the demand
curve. The price increase from P, to P'; is due to the quota limiting supply.

For kangaroo harvesting, increasing demand while maintaining a quota appears the only redlistic way
of generating sufficient income from kangaroos to alow graziers to consider reduction of domegtic
stocking rates (Grigg 1987, 1988, 1989, 1995, 1996). However, the sendtivity of profit derived
from harvesting to the sze of the quota would provide an environment highly conducive to the
evolution of a symbiotic relationship between the harvesting industry and the agency responsible for
Setting quota (see Section 2.2.1). This may compromise the usefulness of the quota for achieving the
very thing it is designed to do, namely ensuring the persstence of commercialy harvested kangaroo
species across their extant range. Any such link must be vigoroudy avoided.

‘I'f demand exceeds the quota, the elasticity of the demand curve isreduced.’

At a nationd level, offtakes of dl harvested kangaroo species have congstently been well below
quota, athough there is a trend for harvests to more closely approach quota over recent years
(Figure 15). With the exception of red kangaroos in Queendand, the failure of the kangaroo industry
to consgtently meet quota in any Audrdian State demondtrates that potential supply of kangaroo
products consstently outstrips demand (Appendix 2). Perhaps the only other exception occurs in
New South Wales where the quota of red kangaroos has been closdly approached or taken since
1995. However, it is not dear if this Stuation will continue in the longer term. For red kangaroos in
Queendand, the annua quota has been reached or closaly approached in most years since 1984,
while harvests of eastern grey kangaroos and wallaroos have less consstently approached quota
(Appendix 2). Assuming products are reedily interchangeable between species of large kangaroo,
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quotas should not have a mgor influence on the relaionship between price and demand for
kangaroo products until quotas for al species are approached in al States. However, if a specific
market niches for product of a particular pecies or from a particular location exists, the relevant
demand curve will be affected if quota for that species and/or location aone is approached.
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Figure 15: Tota quota and commercia kill for al species of harvested macropods in Australia (data
from Environment Australia).

2.2.4.3 Minimum pricing

Some consumptive uses of wildlife (such as trophy hunting) have much greater potential value than
the supply of meet or hides. The vaue of such commodities sems as much from the exclusivity of
thelr availability as from the materia vaue of the product. In order to maintain this exclugvity, the
demand curve can be atificidly truncated by setting some minimum price (Figure 16). This
congrains the association between price and demand to the high price end of the curve which will
typicaly be rdatively indadtic (that is, significant increases in price lead to only minor reductionsin
demand).

‘Thevalue of wildlife may be increased by artificially constraining supply.’

The price obtained for each animd taken may be further increased by artificidly constraining supply.
By making few opportunities to take animas, and auctioning these opportunities to the highest

bidders, supply can effectively service only the highest price end of the demand curve. An example
of this syssem would be the harvest of trophy banteng bulls (Bos javanicus) from Cobourg Peninsula
in northern Audiraia where fewer than 30 bulls per year are licensed for safari hunting despite many
more being available. This maintains the very high price trophy hunters are willing to pay for each

anima taken. Within the condraint of harvesting trophy animals a a sustaindble rate, managers of

such harvests seek to maximise economic gain by optimising the product of the rate a which such
animas are supplied and the price the market will tolerate.
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Another example of minimum pricing would probably develop out of the proposd to permit hunting
of large sdtwater crocodiles (Crocodylus porosus) under licence in northern Audrdia It is
anticipated that licences to take animals would attract large royalty fees, a proportion of which would
return to the landholder from whose property the anima was taken. It is argued that the potential for
ggnificant financid gain by landholders with sufficient numbers of crocodiles for a sustainable harvest
will associate a tangible benefit with conservation of the wetlands upon which the continued supply of
crocodiles is dependent (see dso Section 3.3).

Minimum price

Price

Demand

Figure 16: The effect of fixing a minimum price a a point on the demand curve where eladticity
becomes low or non-existent.

The rate a which large crocodiles to hunt could be supplied would depend ultimately on the rate at
which wild populations could produce them, but more proximaly on the propendty of management
agencies, landholders and sefari operators to license and facilitate their harvest. Within the congtraints
of the ability of the wild populations to sustain any given harvest, interest groups would seek to
maximise the economic gain from harvesting by optimising rate of offtake and the price obtained per
crocodile, by setting an appropriate rate of harvest. These factors do not operate independently;

harvest rate affects avalability (exclusvity) which affects price which affects demand which affects
harvest rate. Hence, neither the strategy which maximises price nor that which maximises offtake may
necessarily afford the best economic return from the harvest.

225 Theeconomic basis of overexploitation

Any resource can be overexploited. In biologica terms, a resource is overexploited when its rate of
harvest is greater than its rate of increase (see Section 2.1.2). In economic terms, a variety of factors
will influence if, and to what extent, a resource will be overexploited. Interestingly, the very nature of
biologica resources predisposes them to overexploitation when their use is dominated by economic,
rather than ecologicad imperatives. This Section deals with some of the economic factors that can
lead to overexploitation of biologica resources.

‘Biological resources are susceptible to overexploitation wheretheir useis
dominated by economic, rather than ecological imperatives.’
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McNedly (1988) describes six main factors that influence the economic basis of overexploitation:

1. Biologica resources are often not appropriately priced in the marketplace. The intangible costs
of depleting biologicd diversty usudly provides ineffectud judtification for conserving biologicad
resources. This is especidly so when the projected monetary benefits of exploitation can be
more eadly and tangibly demonstrated.

2. The socid benefits of conserving biologica resources are often socidly widespread, making them
difficult to account for directly in the marketplace. Taken together, these two factors mean that
the benefits which accrue from the presarvation of naturd systems cannot be easly quantified
(especidly in mongtary terms). As such, benefit—cost analyses contrasting exploitation with
preservation of natural resources will often be based on gross underestimates of the real codts of
exploitation to society.

3. The costs to society of resource exploitation are transferred to a greater or lesser degree from
the individua/s who profit from exploitation, to society asawhole.

4. The species and ecosystems which tend to be most overexploited aso tend to be those whose
ownership is weakest. For example, many overexploited resources represent operaccess
systems which are unable to support the combined demands of developing economies and
increasing populations.

5. Discount rates gpplied to capital investment required to undertake exploitation favour depletion
rather than conservation of biologica resources (see Section 2.2.1).

6. Conventional measures of nationa income, such as per capita gross domestic product, do not
account for the depletion of naturd resources as alossin terms of nationa wedth or capitd. This
means that depletion of biologica resources through their unsustainable exploitation is usudly not
consdered in relation to nationa welfare economics.

Mog of the issues associated with the economic rationdism underlying overexploitation of biologica
resources slem from society’s inability to objectivdly assgn a meaningful ‘value to biologica
resources. The intangible nature of biologica resource vaue has received increasing attention (for
example, Stoll and Johnson 1984; Pearce et a. 1989; Cocks 1992), with some authors developing
techniques (for example, contingent vauation) which seek to convert non-market vaues to monetary
equivaents. Caughley and Gunn (1996) point out that while economists need to reduce al vaues to
monetary equivaents, the analyses and subsequent comparisons of market versus non-market vaues
do not tend to arrive a unequivoca conclusions. It appears that currently, the lack of any adequate
method for quantifying the intangible vaue of biologica resources represents a severe constraint on
society’ s ability or propensity to fully account for the costs associated with loss of biodiversity.

‘Theinability to quantify the intangible value of biological resources constrains society’'s
ability to account for the costs associated with loss of biodiversity.’

In terms of wildlife harvesting, the current conservative gpproach to native animal use gopears
aufficient to ensure that these resources are not overtly threastened by inadequaciesin our capacity to
appropriately vaue them. However, as interest in wildlife exploitation develops, it is inevitable that
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the harvesting industry will place increasing pressure on whatever regulatory mechaniams are put in
place to limit the influence of purely economic factors on permissble levels of offtake. The views of
groups with entirdy economic interests in wildlife exploitation should be tempered by the knowledge
that such groups may place quite different vaues on wildlife resources than does society as awhole.
Smilarly, te capacity of such groups to more readily convert these vaues to tangible monetary
benefits should be consdered carefully. The more abstract values other groups in society place on
wildlife resources may be no less vdid, despite the fact that they are less easly entered into benefit—
cost equations.

2.3  Wildlife owner ship

There are three issues which impinge on the concept and operationd redlity of ownership of wildlife
resources in Audrdia (1) the legd satus of the resource which determines in law who ownsit; (2)
the ‘property’ status of the resource which determines in principle who ownsit; and (3) the redlity
of ‘pseudo-ownership’ of the resource which determines in practice who can harvest it. As al of
these issues have implications for how the anima resource can be managed and to whom any profit
derived from its harvest might accrue, dl will have consequences for potentid commercid use of wild
animals resources.

‘Native wildlife belongs to the people through the Crown and harvesting iscontrolled by
State government regulations.’

Under the laws of each Audrdian State, native wildlife belongs to the people through the Crown and
harvesting is controlled by State government regulations (for example, quotas, licences, see Section
2.5). This basic concept of lega ownership has arisen from the Ancient Roman rule that Since game
belonged to no specific person (res nullius), only the Emperor could decide if, when, where and by
whom it could be harvested (Bubenik 1989). That view persisted through much of European history
with the right of harvest vested with the Head of State and enforced by relevant government
agencies. Ironicdly, this sysem of legd ownership did not characterise that gpplied to wildlife
resources in Britain, where, in kegping with strong Norman monarchical tradition, game were
privately owned by royaty and nobles (see Caughley (1983) for a full discussion of the evolution of
legidation controlling wild anima harvestsin Britain and its colonies).

Despite having its colonid roots in Britain, legidative controls on wildlife ownership in Audrdia (and
in most other British colonies) adopted the more European approach of vesting ownership of wildlife
in the people. Caughley (1983) details how vesting ownership in the nominate ‘Crown’ (which was
represented by the colonid Governor, whose imperative was to safeguard British interests in the
colony by safeguarding the rights of British colonid subjects), accomplished this. The adoption of the
European modd of wildlife ownership no doubt reflected the unique experience of British settlers
being confronted with a rare abundance of ‘unowned land containing wildlife which was
consequently ‘unownable’ (Caughley 1983).
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In contrast to native wildlife, feral animals were introduced into Audtrdia as domestic stock or as a
private or public hunting resource. Hence, as feral animas became less a resource and more a pest,
their legd status devolved from being private property to having no lega status beyond the statutory
responsibility of landholders for their control under various State noxious animas Acts.
Manifestations of this devolution can be seen in the landholder view of feral horses, cattle and goats
as pests or resources depending on prevailing commodity prices, and the resstance that moves to
have such species covered by noxious animals legidation meets from many landholders. As such, for
the purposes of this discussion, as long as an introduced animd is viewed as ‘ferd’ it has no legd

datus, being owned by neither the Crown or by the landholder on whose land it resides. If an animd

is consdered by alandholder to belong to them, aslong asit is not listed in relevant noxious animals
legidation, we will consdered it sock and not further contemplate issues of its legd, property or
practica ownership.

Any resource can be classfied as common or private property, or can represent no property at al.
The property rights of a common property resource are distributed amongst a number of owners
who are co-equd in their rights to use the resource, and do not lose that right through non-use
(Ciriacy-Wantrup and Bishop 1975). Potential users of common property resources who are not
members of the group of co-equa owners are excluded from use of the resource. In contrast the
property rights of a private property resource are vested in an individud, while a no property
resource alows free and unregulated access to any potentia user (Ciriacy-Wantrup and Bishop
1975; Aguliera-Klink 1994).

In principle, because ownership of Audrdian native wildlife is vested in the Crown and its use is
regulated by State legidation, potentia resources derived from its harvest are examples of common
property resources. For example, kangaroos belong to the people through the Crown, with ther
harvest regulated through State legidation. As such, dl Audrdians are co-equd in ther right to
harvest kangaroos as long as they subscribe to the regulations imposed by the State in which they
wish to conduct their harvest. In practice, avariety of regulaions impinge on the ability of an
individua to participate in the harvest of kangaroos, which make important aspects of the harvest
appear more like that of a private than a common property resource (pseudo-ownership). These
regulations include trespass laws and the issue of commercid kangaroo harvest tags (which must be
attached to carcasses entering the commercia trade) to landholders (in Queendand, commercia tags
can aso be issued directly to harvesters). These congraints collectively dlow landholders complete
discretion in who can undertake harvesting on their property. This discretion, which make access to
common property resources more closely resemble access to private property resources, has
important consegquences for where profits derived from the harvest of those resources can accrue.
As such, congraints on access to kangaroo harvesting potentidly provide mechanisms by which
profits can be directed to landholders. Thisis an important component of Grigg's (1995) proposa to
direct profits derived from kangaroo harvesting to rangelands graziers as an incentive to reduce
stocking rates on their land (see below).

‘While the harvest of feral animalsis not subject to the same legislative controls as that of
native wildlife, landholders can use trespass |law to control accessto the resource.’
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While the harvest of ferd animds is not subject to smilar legidative contrals as is that of native
wildlife, landholders can il use trespass law to control access to the resource. In this case, rather
than pseudo-ownership providing a mechanism which changes access to a common property
resource to be more like that to private property, it provides a mechanism whereby aresource that in

principle is no property, appears more like private property.

2.3.1 Other systemsof ownership

In Europe, two other systems of wildlife ownership operate. Oneis aredlic of the French Revolution
which, not surprigngly, terminated royad hunting rights. In France and countries occupied by France
during Napoleon’s rule, Codex Napoleon replaced res nullius and game became a no property
resource, with free and unregulated access by al people. Unfortunately, game was hunted
mercilesdy to dmog totd annihilation until licensng was introduced, shifting wildlife from a no
property to a common property resource (Bubenik 1989). It is important to note that the
introduction of alicensng system (that is, changing the status of the resource from ano property to a
common property) does not necessarily preclude overexploitation of a natura resource (Aguilera-
Klink 1994).

The other system evident in Europe evolved from the Roman view of res nullius, but the law now
acknowledges that landowners have the right to control hunting on their property, provided: (1) the
property (or part thereof) is pecificdly managed for game; and (2) it is registered as a hunting area
or ‘revier’ with the agppropriate government department (Bubenik 1989). The revier owners are
legaly accountable for management of the game, and to be registered have to pass an accreditation
course. Game inventories are filed annudly with the appropriate government department which sets
the leve of offtake. The revier owner may lease the area to registered hunters but carcasses of
hunted animals remain the property of the owner and may be sold as game. Liability insurance is
mandatory. A smilar syslem operates in southern Africa where trophy hunting is permitted on private
land. The hunts are organised by licensed safari operators who negotiate with the property owner for
hunting rights (Cumming 1989). Ownership of game and hunting rights is a workable sysem in both
these gtuations because the animds are condrained either through their strong association with
particular habitats or by fencing.

2.3.2  Pseudo-ownership and harvesting income

Pseudo-ownership of native and ferd wildlife in Audrdia gives landholders the capacity to charge a
fee for access to harvestable wildlife. For kangaroos, fees could be charged for access to the
property and/or provison of tags which adlow carcasses to enter the commercid trade. For ferd
animas, fees could be charged for access to the property and/or for animas harvested on the

property.

In New Zedand the use of trespass law to give pseudo-ownership of red deer (Cervus elaphus) to
landholders was sufficient to control offtake on private lands until the processor price of venison
increased dramaticdly in the late 1970s. The increase in resource value led to landholders demanding
escading hunting fees from shooters and complaining stridently about the level of deer ‘poaching'.
Shooters complained that farmers were sdlling what they did not own (Caughley 1983). The crux of
these changes was the shift in the status of deer from being largely a pest, with aredlised no property
resource value, to a valuable resource that |andholders attempted to treat as private property by
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invoking trespass law to create pseudo-ownership. The solution adopted in New Zedland was to
attach a much stronger series of trespass laws to the legidation that regulated deer hunting. This
made pseudo-ownership of red deer by landholders so strong that individua wild deer became in
effect entirely the private property of alandholder, aslong as the deer resided on their land.

A dmilar Stuation could very eadly develop in Audrdia in relaion to ferd animad harvests. For
example, an increase in the vaue of ferd goats could prompt landholders who had previoudy
alowed free access to commercia harvesters or recreationa hunters, to impose fees for access to
their property or for each animad taken. It is likely that harvesters and hunters would resent having to
pay fees for access to a resource that had previoudy been free. However, if the value of goats
became sufficiently high so as to counteract whatever fees landholders imposed, harvesters or
hunters may perceive that paying fees was acceptable. In the parlance of Section 2.2.2, fees charged
by landholders would become an additiona cost of harvesting, which would reduce the net revenue
(R) derived from the harvest. Whether they would continue harvesting under a fee regime would then
depend on whether they were Hill able to obtain their minimum acceptable profit ) from the
harvest which would largely depend on the prevailing value (v) of the salegble product of the harvest.

A smilar stuation is unlikely to develop in rdation to kangaroo harvesting as in addition to property
access, harvesters must procure commercia harvest tags which are issued to the landholder. Market
forces will dictate the fees that landholders can charge for access and/or tags and sill have harvesters
interested in taking up the harvesting opportunity on offer.

In the United States, landholders are able to sal property access rights (cdled ‘trespass fees') as
long as they carry public liability insurance (Payne 1989). This arrangement alows hunters with valid
licences to purchase access to hunting resources while maintaining the principle of public wildlife
ownership, under which (asin Audrdia) US wildlife legidation operates.

‘Pseudo-ownership of native and feral wildlifein Australia giveslandholders
the capacity to charge a fee for access to harvestable wildlife.’

The use of pseudo-ownership of wildlife by landholders to derive income from wildlife harvesting
dready occurs in Audrdia for recrestiond and commercid hunting of some wildlife resources. For
example, many landholders charge access fees for recregtiond hunters exploiting ferd animd
resources. In this case pseudo-ownership of harvested wildlife (imparted through trespass law)
passes from the landholder to the hunter following a successful hunt. Smilarly, some landholders in
South Augtrdia were sdlling commercid kangaroo harvesting tags to processors for $2 to $3 per tag
in 1995 (Grigg 1995; G. Grigg, University of Queendand, Queendand, pers. comm. 1995).
Ownership of a harvested kangaroo passes from the Crown to the harvester when a commercial
harvest tag is attached to a carcass. In this way, pseudo-ownership provides a mechanism by which
landholders can potentidly share in the profits of kangaroo harvesting. Alternative ways that
landholders can derive income from the harvest of kangaroos on their property include vertica
integration and catchment based independent businesses operating harvesting enterprises (J. Kdly,
KIAA, Tasmania, pers. comm. 1998). Alternative ways for stakeholders to participate in the
commercid harvest of wildlife are discussed in greeter detail in Section 3.1. Grigg (1995) consders
the engagement of graziers in the kangaroo harvesting industry an important mechanism for reduction
of stocking ratesin rangelands aress.
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However, the extent to which the use of pseudo-ownership could be used by landholders to derive
income from wildlife is limited by two important factors: (1) the profit hunters or harvesters obtain
from the harvest; and (2) the ratio of income derived by the landholder to the costs associated with
maintaining the harvest (that is, the cost associated with maintaining the abundance of wildlife
resources & aleve necessary to facilitate harvesting activities).

Harvesters obtain profit from sdlling harvested commodities for more money than it codts to obtain
them. In contragt, hunters ‘profit’ through the extent to which their experientia expectations are met
by a given hunting experience (Tisddl 1973). In the first case, any fee charged by a landholder for
access to property or to tags will diminish the profit to the harvester. Faced with the prospect of a
diminished profit, the harvester can eect to harvest esewhere (if other more profitable opportunities
are avalable), to harvest a the diminished level of profit, or not to harvest a dl. The harvester's
decison will reflect their minimum acceptable profit, the prevaling commodity price, the avalability
of chesper harvesting options and any additiona cogts involved in exploiting chesper harvesting
options (Section 2.2.2). A recreationa hunter will face essentialy the same decisons as a harvester
when confronted with a cost to undertake a hunt, except that rather than equating costs of various
options with a monetary profit, they will equate costs with their expected experientid satisfaction.

In terms of the difference between income derived by the landholder and costs associated with
maintaining the harvest, landholders will be aware that by charging access to property or tags, they
risk forgoing the reduction in pest dendty commensurate with the levd of harvesting that would
otherwise occur. Harvesters and hunters are also aware of this potentia cost to the landholder. For
example, a survey conducted by Gibson and Young (1987) found that on average, landholders
perceived each kangaroo to cost them between $5.10 and $27.10 annually, depending on the nature
of ther agricultura enterprise (Table 2). A landholder must baance the potentid income derived
from exploiting their pseudo-ownership of wildlife, with the vaue of losses incurred if in deriving thet
income they forgo some or al of the reduction in pest dengity they would have been afforded were
they to alow access to the wildlife on their land. Because there will be some uncertainty inherent in
the effect of the level of fees charged on the leve of harvesting or hunting which subsequently occurs,
landholders will dso explicitly or implicitly incdlude some congderaion of risk when determining the
appropriate level of access and/or tag feesto levy.

Table 2: Landholder’s perceived annual loss in production due to kangaroos (from Gibson and Y oung
1987).

Enterprisetype No. Lossin production
regions | /kangaroo
Established cropping 3 $27.10
Margind cropping 2 $14.10
Grazing only 5 $5.10

Another issue that will probably influence the propengty of landholders to use pseudo-ownership to
derive income from wildlife, is the effect of seasona conditions on the capacity of pedts to affect
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agriculturd production. Landholders generdly, but graziers in particular, tend to be most concerned
about the effect of pests on agricultura production when pest numbers are high and/or pasture is
declining (for example, during a drought). When padture is abundant, any harvesting of wildlife is
usudly & the indigation of the harvester. However, during a prolonged dry spdl, when wildlife
compete with stock for scarce feed, landholders will often contact harvesters to undertake harvesting
on their land. If the wildlife is abundant and the dry conditions widespread, alandholder may not then
be in a pogtion to invoke fees for either access or tags. The effect of seasond conditions on the
ability of landholders to exploit pseudo-ownership will mostly influence harvests of competitors with
stock for feed (for example, kangaroos, goats, rabhits). For harvestable wildlife that has impacts on
agriculturd production less influenced by prevailing seasond conditions (for example, foxes or ferd
pigs), the potentid for landholders to derive income will arguably be more constant.

2.4 Other issues

According to Ramsay (1994), the mgor impediments to the development of wild animas industries
are ‘public perceptions, parochia attitudes, adminidirative and legidative structures, the variable
operating environment, current (low) product vaues, newness of product, smal size of indudtries,
lack of information and poor information transfer, animal welfare, and pest control activities which
conflict with commercid harvesting'.

24.1  Theproblem of perception

The debate about whether commercialy harvested species are pests or resources has dready been
discussed. The generd attitude throughout Australia that wildlife species are harvested because they
are pests affects the commercid harvest at severd levels of the trade; from the landholder on whose
land the harvest takes place, through to the harvester and processor, and ultimately influencing
consumer attitudes to wildlife products. This attitude accounts for some of the variation in the size of
the market, the standards applied to product handling and the consequent prices consumers are
prepared to pay. The perception that wildlife products are derived predominantly from pest control

activities is reflected in legidaion regulating wildlife harvests in some States and is manifest in the
approach State agencies have typicdly taken to administering harvests in dl States. It is by far the
mogt sgnificant factor influencing the nature of the wildlife harvesting industry in Audrdia and its
potentia to become an instrument for agricultura diversfication and conservation.

The perception of introduced species as pests means that the preferred community goa for thelr
management is total eradication. Yet eradication is virtudly impossible without the expenditure of
vast resources of time and money, probably far in excess of the cost of the damage these animas
cause (Bomford and O'Brien 1995). Even if eradication is achieved on a locd scde, re-invason
from surrounding areas will eventualy occur. The community needs to accept that eradication is an
unobtainable godl. It would be more redigtic to am for aleve of control that achieves an acceptable
level of damage mitigation, and to ask whether that level of control can be achieved by commercia
harvesting (see Section 3.2).

Not surprisingly, the perception of wildlife as pests affects consumers. Most game mest is sold on
the domestic market as pet food. As Shepherd and Caughley (1987) note, even as pet medt,
‘kangaroo mest is generaly less acceptable to the public ... than beef or lamb, which means that the
product has to be offered at a lower price to counter this resistance. When cattle and sheep prices

44 Bureau of Resource Sciences



fdl, then less kangaroo meet is sold’. The comment gpplies equaly to other wildlife that are used in
the pet food trade.

‘The domestic and export markets for game meat are gradually increasing.’

Human consumption of game meet is limited within Audrdia, condituting less than 1% of total mest
consumption (Ramsay 1994). However, the market is gradualy increasng and the export market is
aso growing. These markets will be invaluable in facilitating a shift in perception of harvested species
from that of a pest to that of avauable resource.

24.2 Theproblem of scale

Until recently, many game mest processors have operated as small, independent businesses, each
handling the processing, marketing and sale of single species or, in the case of kangaroos, a group of
gpecies. However rationalisation in these industries has led to consolidation of enterprises, such that
today fewer large companies handle processing and sde of several species, condituting awide and
diverse range of wild animd products. This change has been desirable from an industry point of view,
as it has enhanced the capacity of the industry as a whole to manage fluctuations in supply and
demand for product and to meet changes in domestic and internationa regulations and requirements.
This more consolidated industry has adso been better able to lobby governments and consumers to
enhance recognition of wild anima populations as renewable resources, and wild anima indudtries as
important components of many wildlife management programs.

24.3 Problemsof marketing

Through effective consolidetion, marketing and promotion, game meats are growing in popularity.
However, Hudson and Dezhkin (1989) caution that field-daughtered game may increesangly lose its
share of the game meat market. They point out firgtly, that game farming enterprises are able to
supply a more consstent product; secondly, markets are placing increasingly sophisticated hygiene
requirements on game meats, naking it more and more difficult for field-shot animas to satisty
datutory standards of meat inspectior?. Already, a market shift has occurred away from fidd-shot
animas with venison (Hudson and Dezhkin 1989). Should smilar issues lead to adoption of
widespread requirements for animals processed for human consumption be transported to abattoirs
for daughter, ferd anima harvesting would have to change from fied shooting operations to
mustering or tragpping operaions. While such a change would be operationally feasible for species
such as pigs or goats (in fact the mgority of goats harvested are dready mustered for trangportation
to abbatoirs or for live export), it would effectively exclude kangaroos from game meet markets.
Interestingly, the largest market for wild pig meat exported from Audrdia (Germany) actualy
ataches a premium to the product specificaly because animas are fidd shot and dressed. This is
because the German demand for wild-harvested mest reflects a culturd association many Germans
have with their tradition of hunting and consumption of the products of the hunt.

2 However, areview of the public health aspects of consuming field shot kangaroo meat concluded that it posed
little or no human hesalth risk (Andrew 1988).
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244  Ethical issues

Perception and hygiene are not the only sociological issues that continue to influence the devel opment
of commercid harvesting in Audrdia Issues of ethics associated with wildlife harvesting are often
equaly important. For example, the broad opposition anima rights groups have to the use of wildlife
for consumptive purposes and the concern of many conservationists that economic imperative mey
jeopardise the sustainability of harvests, both have the potentid to inhibit the development of markets
for wildlife products. Smilarly, anima wefare groups dmost universaly condemn wildlife harvesting
because of concerns that animals may not be harvested humandy. Strict adherence to harvesting

regulations and to established ‘codes of practice for shooting or handling live animas are essentid

safeguardsif negative images of the industry are to be avoided.

Ethicad deliberations will not of themsdlves exclude an evaudtion of dternative options for managing
wildlife on agriculturd land. When Gibson and Y oung (1987) asked landholders what action they
would take if a commercid kangaroo shooter was unavailable, 80% said they would undertake the
shooting themsdves. Others indicated they would seek chegper control methods, such as inviting
amateur shooters onto the property or poisoning water supplies. These methods have serious ethical
disadvantages. Landholders and amateur shooters may be less accurate and thus less humane than
professonas — professona shooters am for a head shot to maximise the vaue of the carcase and
to meet the requirements set out in the Code of Practice for taking kangaroos. It is dso possible that
some landholders may engage in desperate measures such as poisoning water supplies which would
kill non-target animas as well as kangaroos.

245  Theproblem of regulation

At present, beyond the condraints of various State noxious animd Acts, the management of
introduced species harvests is in the hands of landholders and the harvesters themsalves. In contragt,
the harvest of native species is controlled by State wildlife agencies (see Section 2.5.1). For
example, a variable quota system determines the potentid number of kangaroos that can be
harvested in any one year. This quota is derived and enforced by Nationd and State wildlife
regulatory authorities. These authorities operate independently from the kangaroo industry (but see
Section 2.2.4.2). These issues are discussed further in Section 2.5.

2.5 Managing wildlife harvests

251 Alternativeregulatory systems

Clark (1990) describes four methods for regulating the exploitation of common property renewable
resources. (1) limited entry (licensing); (2) resource (harvest) taxes, (3) transferable alocated quotas
(or individud transferable quotas, ITQs); and (4) tota dlowable catch quotas (TACS).

1. A licensing system, which limits the entry of harvesters to the industry would reduce competition
between harvesters, leading to increased individua incomes. Under conditions of reduced
competition, licensed harvesters would be motivated to maximise their harvest rate by investment
in technologies which increase ther harvesting efficiency (for example, larger chiller boxes, chiller
boxes closer to harvesting area, Finlayson troughs to concentrate kangaroo density within smaller
areas). This type of regulaion can lead to a cycle of increased regulation by management

46 Bureau of Resource Sciences



agencies seeking to limit individud harvester offtake, prompting harvesters to attempt to
overcome this increased regulation by investment in new or improved technologies. An example
of such acycleisthe rapid development of technologies among New Zedand deer harvesters to
overcome indirect redtrictions imposed on their capacity to exploit red deer in the early 1970s
(Caughley 1983). This type of cycle reflects the fact that licendang systems do not consider the
economic incentives that dominate the exploitation of common property renewable resources
(Walters 1986; Clark 1990).

2. A resource tax (gpplied per harvested unit) would, in theory, prompt otherwise unregulated
harvesters to exert an optima leve of effort to maximise their net revenue. Such a tax has the
additiond benefit of decentrdisng the need for decison making, since operationd decisons (in
view of the level of taxation) remain under the control of individua harvesters. In practice there
are dgnificant difficulties associated with such a taxation scheme (Clark 1990). Harvesters are
often unanimously opposed to harvest taxes because they perceive them to be unfair.
Furthermore, it is difficult to caculate a tax level which will have the desired effect on harveter
offtake without detailled knowledge of the cost Structure of individud harvesters and of the
biologicd characterigtics of the harvested population. These problems are compounded in
unpredictable environments such as Audrdia s rangelands, where a taxation level commensurate
with the dedred levd of harvesting would need to be recaculated and legidatively imposed a
least annualy (Clark 1990).

3. Individual transferable catch quotas (ITQs) dlow each landholder (or co-owner of the
resource) a given quota, which can be tranderred (in whole or in part) in whichever way a
landholder sees fit (Clark 1990). Smilarly, harvesters or processors who procure quotas from
landholders have the option of on-sdling them to other potentid exploiters of the resource.
Because ITQs involve a harvest quota set independently of the harvesting industry, it counteracts
problems of overexploitation by individua harvesters and of excessve entry of new harvesters
into the industry, both of which affect regulatory systems based on licensing or harvest taxation.
However, there are management difficulties inherent in any quota-based system. These include
the alocation and enforcement of quotas, and monitoring the ongoing harvest (Clark 1990).

Clark (1990) suggests that a combination of a resource tax and 1TQs may provide the best
solution in terms of economic efficiency and sustainable management of common property
resources. By combining these forms of regulation, a management agency can potentiadly: derive
income sufficient to adminigter the harvest; alow |landholders to derive income from the harves;
and maintain control of theleve of harvest.

4. A non-dlocated total allowable catch quota (TAC) differs from ITQs in that harvesters must
compete for a share of the total set quota. Because there is no congtraint on participation in the
harvest (neither a license nor access to a transferable quota being necessary), problems with a
TAC sysem will pardld those associated with al openaccess systems (that is, overinvestment of
effort by individud harvesters to maximise offtake and too many harvesters entering the indudtry).
Furthermore, because set quotas are invariably met, competition between harvesters means entire
annua quotas will tend to be taken over a short period of time. Thiswill lead to sharp fluctuations
in the dengity of the harvested resource between the commencement of the harvest and attainment
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of the set quota. While such a system may ensure the sustainability of a harvested resource, the
resultant performance of the harvesting industry will be suboptimal (Clark 1990).

Kangaroo harvests in Audirdia are theoretically regulated by a TAC set by each State; in practice
these quotas are rardly reached. Hence, the system operates more like an openaccess harvest
(McCdlum 1995), modified in some instances by the effect of pseudo-ownership of kangaroos by
landholders has on resource access (see Section 2.3). However, if the current trend in kangaroo
harvesting continues (Figure 15), and marketing successfully increases the demand for kangaroo
game medt, in the future quotas in some States may be reached more regularly. Under such
conditions, the kangaroo harvest may be regulated by TAC in redlity aswell asin theory.

If, as seems likely, landholders respond to increased demand for kangaroo product by actively
exploiting their pseudo-ownership of the resource by charging access and/or tag fees (Section 2.3),
the regulatory system imposed through the setting of State quotas will evolve into a system that more
closdy resembles an ITQ than aTAC. Given the pros and cons of the various regulatory dternatives
available, movement toward an ITQ system as kangaroo quotas are approached would seem the
mogt ussful way of ensuring both the viability of the harvesting industry and some return to
landholders. Whether that return is sufficient to encourage landholders to reduce domestic stock
dengties on their properties will be largely determined by issues of price, demand and supply
(Section 2.2).

‘Whether the return from wildlife harvesting is sufficient to encourage
landholders to reduce domestic stock densitieswill be largely determined
by issues of price, demand and supply.’

However, it gppears that the mechanisms which currently give landholders pseudo-ownership of the
resource (recourse to trespass law and alocation of commercid tags to landholders) are sufficient to
ensure that they can engage the harvesting industry and share in its profits at whatever leve they
deem appropriate. Consderation should be given to imposition of some form of harvest tax to cover
the cogts of resource monitoring and harvest adminigiration. Such a mechanism dready exigts in
some States through fees paid for roydty tags. Given the change in the emphasis from pest control to
renewable resource exploitation, some assessment of whether or not such a system represents the
most equitable method of taxing the industry should be made.

2.5.2 Regulation of the harvest of introduced species

Licensng does not regulate the harvest of introduced species. State and Territory Governments
generdly view the harvest as a podtive benefit to rurd communities. Each State has codes of
practice for shooters and meat handling and inspection standards to meet market requirements, and
maintains a watching brief on the sze of the harvest by collating data from levies collected a
abattoirs and monitoring the export trade (W. Hedley, BRS, Canberra, pers. comm. 1994).

253 Regulation of native wildlife harvests

Because in law, ownership of native wildlife in Audrdiais vested in the Crown (see Section 2.3), its
management is administered by State and Territory wildlife authorities. Under the Commonwesdlth
Wildlife Protection (Regulation of Exports and Imports) Act 1982, export of harvested native
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wildlife products is permitted only where the rdevant State or Territory wildlife authority has a
Commonweslth- gpproved management program.

Kangaroo management plans

In dl States and Territories, culling of kangaroos is permitted under licence where the animals are
conddered to be causing agriculturd damage. Under conditions prescribed in gpproved plans of
management, kangaroos culled for agricultura damage mitigation in Queendand, New South Wales,
South Audrdia, Western Audirdia, and Tasmania can be sold into the commercia trade for
domestic use and export. In addition, in Queendand, New South Wales and Western Austraia,
kangaroos harvested purdly as a renewabl e resource can also be sold into the commercia trade.

Pans for the management of kangaroos vary in their detail from State to State, but essentidly each
ams to ensure the persistence of viable populations of al harvested species over their extant range,
and contain the ddeterious effects of kangaroos and wadlabies on agriculturad and pastord
production.

Generdly, when a licence is granted to shoot kangaroos for damage mitigation or harvest as a
renewable resource, the rdevant State authorities issue some form of roydty tag that must be
attached to each carcass entering the commercia trade, or a licence tag if carcasses are shot to
waste. For each species in each State, the total number of tags issued annualy corresponds to a
more-or-less constant proportion of the estimated State population for that species. The proportional
offtake used to determine quotas is nominated in the management plans which must be approved by
the Commonwedth if an export licence for the products of the harvest is to be granted. The other
mgor components of management plans are the specifications for surveys used to estimate variation
in the abundance of harvested species (the monitoring program) and the mechanism by which tags
areissued and licences granted to shooters, chillers and wholesalers and their records accounted.

‘For each speciesin each State, the total number of tagsissued annually correspondsto a
more-or-less constant proportion of the estimated State population for that species.’

How quotas are set varies from State to State. In Western Audtralia, quotas are determined from the
difference between an estimate of the dendty of kangaroos and a minimum acceptable density (Anon
1984). The density estimate used in this caculaion has typicaly been based on aerid surveys
conducted every three years since 1981. In Queendand quotas have been set a a known long-term
sugtainable harvest rates, and fixed-wing aerid surveys conducted over much of the harvest area
from 1984 to 1991. Since 1990 annua helicopter surveys of a series of representative blocks have
replaced broad-scae fixed-wing surveys (T. Pople, Universty of Queendand, Queendand, pers.
comm. 1995). In South Audtrdlia and New South Wales, quotas are dependent on population
edimates derived from annud fixed-wing surveys. In both States quotas are generdly set around
17% of population estimates, dthough as dtated in the South Audrdian kangaroo management
program, quotas take into condderaion ‘the annua aerid survey results, past trends in the
population numbers and the expected climatic conditions in the forthcoming year’ (DENR cited in
Anon 1984) (Figure 17).
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In New South Wdes and South Austrdia annua quotas apply to the commercid cull of kangaroos
only. Kangaroos culled nor-commercialy are not accounted againg the quota, nor is the size of this
cull limited by the quota Hence there are essentidly two harvests operating more-or-less
independently: the commercid harvest regulated by license and quota (with the combined objectives
of damage mitigation and sustainable use); and the non-commercid harvest regulated by license only
(with the sole objective of damage mitigation). In the event of quotas being gpproached and
sgnificant numbers of kangaroos being culled non-commercidly, the totd cull would eventudly
exceed the leve of sustainable use. With the trend toward increesing commercia offtake in both of
these States, the disparate objectives o the two management systems should be resolved. Ensuring
that both commerciad and non-commercia harvests were regulated under a common quota would be
alogica firg sep. In New South Wales at leadt, there has been a increase in the sze of the non
commercid cull snce 1992 (Everleigh 1995).
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Figure 17: Rdationship (y = 0.17x — 30,950; ? = 0.79) between the annual quota for red and grey
kangaroos in South Australia (open circles) and New South Wales (closed circles) and the previous
year’ s population estimate based on aeria surveys (data from Environment Australia).

Other regulations affecting kangaroo harvesting

The State and Commonwedth Governments also have a code of practice for shooters and
regulations controlling the handling and ingpection of carcasses.

254 Doquotasregulate kangar oo harvesting?

The number of kangaroos harvested in any year is closdy related to their abundance (Figure 18).
The harvest rate in New South Waes and South Austrdia has been around 9% irrespective of
dendty. Since the set quota in each State is around 17% of prevailing population densty, the quota
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has rarely been taken and has rarely limited the sze of the harvest (Figure 19). This does not mean
that the quota would not regulate harvesting if proportiona offtake of kangaroos approached that set
by quota. However, until quotas are reached on some sort of regular basis and demands from

landholders to increase the Sze of the quota are regjected by the wildlife agencies that determine the
quota, the capacity of the current system of regulation in these States to effectively limit commercid

offtake of kangaroos will not be serioudy tested.
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Figure 18: Rdationship (y = 0.09x + 26,300; » = 0.88) between the annua harvest of red and grey
kangaroos in South Australia (open circles) and New South Wales (closed circles) and the population
estimate for that year based on aeria surveys (data from Environment Australia).
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Figure 19: Number of kangaroos harvested in South Australia (open circles) and New South Wales
(closed circles) againgt the respective annual State quotas. The line indicates where cull = quota (data
from Environment Australia).

It appears that instead of reflecting a limit imposed by quotas, the harvest in South Audtrdia and
New South Waes smply tracks kangaroo density. The number of kangaroos harvested is most
likely some function of the number of licensed shooters (and/or chillers), while the rate of harvest
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reflects the profitability of harvesting. As such, a a nationa level, kangaroo harvesting gppears to
operate as an openraccess harvest (McCalum 1995). For example, Figure 18 indicates that
higorically the number of commercidly harvested kangaroos in New South Waes and South
Audrdia is typicaly well bdow the quota This suggests that neither market demand, nor the
regulatory effect licenang shooters and/or chillers has on harvest rate, currently limits the size of the
harvest.

At andiond leve the commercia harvest quota for kangaroos has never been reached. Therefore,
the common perception that quotas limit the Sze of the kangaroo harvest remains untested. Until the
quotas are consstently filled, their effectiveness as a regulatory control on kangaroo harvests at a
nationa level cannot be assessed. However, in Queendand the red kangaroo quota has been
attained in most years snce 1984. In at least three of these years, the Commonwealth has regected
goplications by the management agency in Queendand for extensions to their nominated quota (G.
Maynes, Environment Audraia, Canberra, pers. comm. 1995). This provides qudified though
encouraging support for the notion that the current sysem of monitoring, quotas and licensing
provides an adequate process for regulating the commercia kangaroo harvest.

In contrast, Shepherd and Caughley (1987) suggest that the quota method was a potentiadly
dangerous way of regulating harvests if quotas were set close to a harvested population’s maximum

suganable yidd. They warn that smdl environmentd perturbations may trigger didesin the dengty of
the harvested population. These concerns are justified where the quota is set as a fixed number of

animas. However, if the quotais set as a proportion of the population size (thet is, as a harvest rate),
aslong as that proportion is at or below that corresponding to the population’s MSY, the population
cahnot be harvested to extinction. A process for iteratively moving toward such a rate in a
consarvative harvest setting is described in Section 2.1.5.

Caughley and Sindlair (1994) suggest that limiting the number of harvesters, but not limiting an
individua harvester’s offtake, was an inherently superior method of harvest regulation than the use of
quotas. They suggest that a fixed effort system (that is, a congtant number of harvesters) will tend to
harvest the same proportion of the population at high and low dengity. This removes the need to
regularly monitor the Sze of the harvested population, which would redise sgnificant savings in the
cost of harvest administration. However, if a constant number of harvesters are to remove a constant
proportion of a population, the relaionship between the densty of the harvested population and
offtake must be linear (Mangel 1982). While the data for kangaroo harvesters in New South Wales
and South Augtrdia operating below quota support this assumption (Figure 18), it would be unwise
to conclude that the relationship will remain lineer if kangaroo harvesting becomes more lucrative to
harvesters. For example, if harvesters responded to declining yields by increasing their effort or by
using new technologies to enhance their harvesting efficiency, they may be able to sustain high levels
of kangaroo offtake despite declining availahility.

Harvesters would be able to increase harveding effort without compromidng their minimum
acceptable profit if the commodity price was sufficiently high to elevate the net revenue generated by
the harvest (Section 2.2.2). Elevating harvesting efficiency a low kangaroo availability would result in
the functiona response of harvesters to kangaroo dengty shifting from the linear response shown in
Figure 18 to a curvilinear response (see Section 2.2.3). Whether such increases in harvesting
efficiency would be sufficient for kangaroo populations to be severely overexploited is unknown.
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However, the point remains that despite its operationd apped, a licensng system done may
guarantee neither resource conservation nor its optima use (see dso the arguments againgt Smilar
catch-effort satistics for managing harvested systems by Walters (1986)).

‘I ndependent population monitoring and the setting of quotas should continue
as fundamental components of any harvest regulation scheme.’

Given that there is no clear consensus on the most appropriate system for harvest regulation, a
generd system gpplicable to harvedts of dl native animd resources is difficult to identify. However,
whichever method of regulation is adopted to manage specific wildlife harvests, it appears essentia
that population monitoring and the setting of quotas continue as important checks on the sze of
harvests. It is dso important that conservation agencies do not lose adminigrative control of the
regulation of harvests, or of the monitoring and regulation programs on which harvest sysems should
be based.
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3. HARVESTING WILDLIFE IN DIFFERENT SETTINGS

3.1 Wildlife harvesting and agriculture

Congderation of wildlife harvesting in an agricultural setting touches on three areas of relevance to
agriculturd production, the role of wildlife harvesting in:

1. enterprise diversfication;

2. control of agricultura pests, and

3. off-reserve conservation and sustainable agricultura development through subgtitution for less
benign land management practices.

These issues are condgdered in the following Sections.

3.1.1 Agricultural diversfication through wildlife harvesting

Deriving income from a combination of domestic animd production and wildlife harvesting is not a
new concept. It has been argued that a mix of domestic and wild specieswould result in better use of
vegetation, and that wild animals would be more disease resstant and require less husbandry than
domestic animas. However, despite the enthusiasm for harvesting wild species for their meat and/or
hides, Caughley (1976) pointed out that few of these enterprises have met with spectacular
commercid success. Reasons for the lower than expected productivity of wild species include: (1)
the adaptation of native plants © herbivory by native animas which has led to the evolution of
chemicd and phydcd plant defences that specificaly target native herbivores, (2) much higher
dietary overlap between domestic and wild herbivores than had been anticipated; (3) overestimation
of potentia offtakes of wild herbivores arisng from the use of sngle-species modds inappropriate to
the environments considered (see Section 2.1); and (4) underestimation of the costs and level of
expertise required to harvest wild species efficiently.

‘It has been argued that a mix of domestic and wild species
would result in better use of vegetation.’

In South Africa, integration of domestic anima production and wildlife harvesting has perssted,
increasing Seadily since the 1960s with now over 8,000 ranches conducting at least some wildlife
harvesting (Skinner 1989). The income from wildlife on these ranches does not match that of
domestic stock (Skinner places the ratio a around 1:10) but the costs of managing wildlife (for
example, husbandry and infrastructure) are consderably lower. Skinner estimated that for wildlife,
management costs accounted for 31% of average gross income, while for sheep the figure was 51%.
Skinner dso presented data for a mixed cattlefimpala ranch where gross income from game was
50% of that from cattle, but the costs were only 10% because dl infrastructure costs (for example,
maintenance of water, fencing and roads) were assigned to cattle whereas a proportiona distribution
would have been more appropriate.

Harvest for trophy animas or for the experience of game hunting generdly has amuch higher intringc

vaue then the yidd afforded through most mest or skin products, dthough trophy hunting is
obvioudy applicable to far fewer species. In the United States, for example, far more emphasis is
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placed on income derived from recreationd hunting than from the sde of meat or hides (Yorks
1989). The edtimated vaue of recregtionad hunting in the sparsdy populated State of Wyoming
exceeds $300 million annudly. Smilarly, Y orks quotes figures from a ranch in Texas where the net
annua return from domedtic cattle was $60,000 compared with that from lease hunting deer, quall
and javelina of over $150,000.

In Austraia, managers of agricultural enterprises may participate to some degree in the harvest of
kangaroos and crocodile eggs, or avariety of introduced species including pigs, goats, foxes, rabbits,
hares, buffalo, horses and donkeys (Ramsay 1994). Managersinvolved in wildlife harvesting may act
as.

Passive participants — giving permisson to undertake harvesting on ther land, but obtaining no
financid gain from the harvest. An example would be where graziers give commercid rabhbit shooters
permission to hunt on their land free of charge.

Facilitators — undertaking some service that dlows or enhances the harvest of wildlife on their
land, but obtaining no financid gain from that harvest or from the provison of the service. Examples
would be farmers obtaining tags for commercid kangaroo shooting and passing these on to
harvesters free of charge, or afarmer providing free accommodation to commercid pig shooters.

Brokers — undertaking some sarvice that alows or enhances the harvest of wildlife on their land,
and obtaining a direct financia gain from the harvest and/or provison of the service. Examples would
be farmers who take a proportion of the income derived by a contract goat musterer, or charge
commercid or recreationa pig hunters for accessto their land.

Active participants — actively participating in acommercia harvest leading to direct financid gain.
Examples would be farmers who obtain a wildlife traders licence and conduct commercia kangaroo
shooting on their properties, or harvest ferd goats or pigs for the commercia industry from their

properties.

The type of participation which a manager of an agricultura enterprise has with wildlife harvesting will
determine the potentia financid contribution harvesting can make to the cash flow of the enterprise.
This will in tun determine whether or not wildlife harvesting can contribute to enterprise
divergfication.

3.1.2 Indirect benefits of wildlife harvesting

Passive and facilitative participation afford no direct financid gain to the enterprise, with the latter
often imposing a cost. However, both forms of participation can contribute indirectly to the vaue of
an enterprise if they result in lower densties of animals that condrain the profitability of the
enterprise. For example, passve or facilitative participation in kangaroo, feral goat, rabbit, hare,
horse or donkey harvesting may increase wool or meat production or reduce crop damage, while
participation in ferd pig harvesting may dso reduce crop damage or, dong with fox harveding,
reduce predation of new-born lambs. Passve or fadilitetive participation in wildlife harvesting may
further contribute to enterprise profitability where it reduces the need to conduct conventiona control
programs to sufficiently mitigate these impacts (see Section 3.2).
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In addition to the indirect contribution that passve and facilitative participation in harvesting can
make to enterprise profitability, brokering or active participation in harvesting have the potentid to
contribute directly to enterprise cash flow. The direct contribution of these forms of participation in
wildlife harvesting will depend on the ratio of the direct codts they impose on the enterprise and the
direct financid gains they afford. The direct cods to an agricultural enterprise of brokering will be
condsgtently minor, dthough the dengty of wildlife which may be necessary to maintain to provide
harvesting opportunities may impose significant indirect costs (see Section 2.1).

The financid gains afforded by brokering will represent either some proportion of the income
generated by the activities of commercid harvesters, or money forthcoming from recregtiona or
commercia hunters as fees for access and/or provision of services such as accommodation. In the
former case, the proportion of income which the manager can clam will probably be contingent on
margind vaue of the harvest to the harvester. In the latter case, the willingness of hunters to pay for
access and/or provison of services will depend on the red or perceived vaue of access, which for
commercid hunters will be the profits to be made and for the recreational hunter the qudlity of the
hunting experience. In ether case, the direct benefit of brokering the harvest will decline with
decreasing dengties of harvestable animds, disappearing completely at a dendity where commercid
and recregtiona hunters have no interest in paying to hunt on that property. Managers may consider
congdraining offtake to ensure some level of sustainable yidd from the harvest depending on: the retio
of the harvested population’s intrinsc rate of increase to the discount rate gpplied to income from
brokering the harvest (see Section 2.2.1); voldtility in the vaue of the harvested species; and the
degree to which the harvested population affects profitability of the agricultura enterprise (see
Section 3.2).

Thetota net benefit of brokering the harvest will be the sum of the income from the brokering, which
depends on the prevailing dendty of the population, and the value of the saving on control costs
afforded by the harvest (that is, the cost of controlling the population from its unharvested to its
harvested density), less the vadue of the impact of the harvested species a its harvested dendty and
the cogts of the brokering activities. This total net benefit will vary with the density of the harvested
population according to the form of functions describing dengity-dependent variation in brokering
income, the cost of controlling the population in the aosence of harvesting and the vaue of the
harvested species impact on the agriculturd enterprise. Contrasting the net benefit of brokering
harvests with those of conventiond control or active participation in harvesting, would dlow the
economicaly optima management of awild population to be identified.

Active paticipation in wildlife harvesing will usudly involve much higher direct cogs than will Smply
brokering the harvest. Direct costs will include any infrastructural costs associated with participation
in the harvest (for example, vehides, firearms and ammunition, traps, knives, yards and wildlife
trader’s licence), and the value of the time required to conduct the harvest. Net direct benefits
accruing to the enterprise will depend on the vaue of the harvested commodity, less the costs
associated with finding and harvesting animas, and (where gppropriate), the costs of transporting
product to chillers or processors. Because these costs include the time taken to locate animals to
harvest, overdl costs will tend to rise as the dengity of animals to harvest declines (see Section 2.2).
As with brokered harvests, totd net benefit from full participation in harvesting will vary with the
densty of the harvested population according to the form of functions describing density-dependent
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vaiation in harvest income, the cost of controlling the population in the absence of harvesting and the
vaue of the harvested species’ impact on the agricultural enterprise. However, active participation in
harvesting will not usualy be associated with recreationd hunting, and hence the dengties to which
wild populations are harvested will usudly be lower.

3.1.3 Someexamples
Passive participation

A woolgrower in the rangelands may consder that rabbit control affords them no net benefit in terms
of enhanced enterprise profitability. However, if goproached by a commercid rabbit harvester to
dlow free access to their property, it will be in the woolgrower's interest to agree. While
conventiona control may yield no net benefit to the enterprise, harvesting occurs a no cost to the
woolgrower. Hence any benefit accruing in terms of increased wool production represents a direct
financid advantage to the enterprise.

Facilitative participation

A woolgrower in western New South Wales approached by a commercia kangaroo harvester to
procure tags for the commercid offtake of kangaroos on his’her property must weigh up the costs of
obtaining the tags (phone cdls, time and roydties) with any increase in enterprise profitability
associated with lower kangaroo densities on their properties. If the woolgrower percelves a net gain
or perhaps even a break-even margin, it will be in ther interest to facilitate the harvest.

Brokering

A woolgrower in the rangdands interested in charging recregtiona hunters to harvest fera pigs on
hisher property would need to consider the total net benefit of brokering the harvest. This would
involve determining: the cogts and vaue of the brokerage activities (net direct income) and how these
varied with pig dengty; the effect of hunting on pig dengty; the cost of achieving the same reduction
in dendty using conventional control; and the value of any decrease in lamb predation afforded by the
reduction in pig dengity.

In order to contrast the total net benefit of the brokerage option with other management aternatives,
the woolgrower would need to estimate the costs and benefits of conventiona control and, perhaps,
the costs and bendfits associated with active participation in a commercid ferd pig harvesiing
program. The role of harvesting (if any) within the context of the profitability of the totd enterprise
could then be determined.

Depending on the current vaue of pigs, the discount rate applied to revenue generated from their
harvest, the capacity of pig populations to increase, and the dengty-dependent impact of pigs on
wool production, the woolgrower may determine that harvesting pigs at some sustainable rate (that
is, less than ther intringc rate of increase) may represent an economicaly optima srategy for ther
use. However, because sustainable offtake requires the harvested population to be maintained at
higher densities than an unsustainable offtake, this option will lead to higher indirect costs where the
harvested species reduces agricultural profitability on aper capitabasis (see Section 3.2.1).
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Active participation

A woolgrower in the rangelands interested in harvesting ferd goats would need to consider the total
net benefit of conducting the harvest. This would involve determining: the vaue of the harvest (the
product of the number of goats which could be obtained and the price paid per head) less the direct
costs of undertaking the harvest including the vaue of the time required; the effect of the reduction in
goat densty achieved on the profitability of the woolgrowing enterprise; and the cost of achieving the
same reduction in goat dendity using other means of control.

The woolgrower may determine that harvesting goats at some sudtainable rate (thet is, less than their
maximum capacity to increase) may represent an economically optimal srategy. However, because
sudtainable offtake requires the harvested population to be maintained at higher dengties than an
unsustainable offtake, this option will lead to higher indirect costs where the harvested species
reduces agricultura profitability on a per capitabasis (see Section 3.2.1).

3.1.4 Implicationsof enterprise diversfication

While managers of agriculturd enterprises have traditionaly participated in wildlife harvesting as a
cost neutrd or low cogt form of pest control, recent reductions in the terms of trade for traditiona
agriculturd products has forced many managers to reconsder the potentia of wildlife harvesting for
divergfication of income for ther enterprise. In the case of kangaroo havesing, some
conservaionists have encouraged this regppraisd, viewing such a harvest as a more benign
dternative to domestic anima production (see Section 2.2). In contrast, some interest groups have
identified any move toward financiad reliance on commercid offtake of introduced species as a
potentid impediment to their control, ether by conventiond methods or new biologicd control
technologies (Braysher 1993).

‘Recent reductionsin the terms of trade for traditional agricultural products
has forced many managers to reconsider the potential for
enterprise diversification through wildlife harvesting.’

Increasing the vaue of harvested species to enhance the revenue generated from their offtake is
complex in a compstitive, free-market environment. Without quotas or minimum pricing, eevating
demand at given price would be expected to increase offtake rates rather than increase per capita
profit (see Section 2.2). While quotas for kangaroo harvesting currently operate in most States
where they could serve to increase per capita profitability in the face of risng demand, and minimum
pricing would likely be an important part of a highly regulated crocodile hunting industry in northern
Audrdia, either option would be viewed as an anathema if gpplied to introduced anima populations
typicaly consgdered pests to be controlled to low dendties. As such, increasng the vaue of
introduced anima harvesting would require not only identification of high vaue markets, but dso a
fundamentd shift in the view agricutura managers have of these species.
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Another less tangible impediment to use of wildlife harvesting for enterprise diversfication on
agricultura lands is the degree to which a manager will shift his or her traditiond lifestyle to exploit
harvesting opportunities. In the rangelands, ferd goats are currently worth enough money that some
managers who would previoudy have mustered al goats on ther property and shot anything which
the abattoir would not accept are consdering factors which may affect longer-term offtake (that is,
releasing pregnant does). If the value of harvested goats continues to increase, more intensive
husbandry may result. This may prove a dilemma for some managers and management agencies who
have advocated high level control or eradication as the only option for goat management in the
rangelands. In contrast, ferd pigs, which are of sgnificantly higher vaue than are goats, have not
attracted the same interest in active participation in harvesting, athough many managers broker their
harvest by commercid and/or recregtiond hunters. It is likely that managers are more comfortable
with activities associated with goat harvesting than pig harvesting, and that this contributes to their
reluctance to involve themsdves actively in the latter. Whether more interest in active participation in
wildlife harvesting will require a generationd change in managers or smply further declines in the
terms of trade for traditiond agricultura products remains to be seen.

3.2  Wildlife harvesting and pest control

Many wild introduced animads in Audrdia are harvested for the commercid vaue of products they
provide. Most of these animals are perceived to damage species or habitats upon which we place
important conservation vaue (environmenta impacts) or affect the vaue of agriculturd products
ather directly or by increasing costs (agricultural impacts) (Tisdell 1982). Pest control programs
amed a mitigating environmenta or agricultural impacts implicitly or explicitly assume that reducing
the abundance of pests will lead to commensurate declines in the magnitude of these impacts (Hone
1994). If this assumption is valid, it follows that reducing pest dengity through commercid harvesting
will contribute to pest control objectives. However, placing an economic vaue on pests through
commercid harvesting may encourage maintenance of a pest dengty sufficient to meet harvesting
needs, and/or discourage future attempts at high level control or eradication (Tisdell 1982; Ramsay
1994). If redlised, these factors could offset the potentia contribution of pest harvesting to achieving
pest control objectives.

‘Reducing pest density through commercial harvesting may
contribute to pest control objectives.’

Whether or not commercia harvesting of pests can reduce their environmenta or agricultural impact
will depend upon:

the dengity of pests as aresult of commercid harvesting;
the relationship between the density of the pest and their environmenta or agricultural impact; and
how commercid harvesting and conventiona control interact where they occur together.

In this Section we address these issues by briefly drawing on aspects of harvesting dynamics which
will influence the dengty of commercidly harvested pest populations, and examining the relaionship
between pest dengty and environmental and agriculturd impacts. We then develop a conceptua
mode of pest harvesting and impact, and give an hypothetica example based on the commercid
harvest of wild pigs. Findly we use the outcomes of the conceptua modd to explore the likely
interaction of commercid harvesting and conventiond control, and to assess the efficiency of
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dternative srategies for expending public resources to reduce the environmenta and agricultura
impacts of harvested pests’.

321 Pest density and impact

The ecologicd and economic bases of harvesting are discussed in Sections 21 and 2.2,
Consumptive impacts of pests (impacts caused by consumption of some resource upon which we
place a vaue) may be related to pest densty by one of the curves shown in Figure 20 (Izac and
O'Brien 1991; Hone 1994). Curve (8) in Figure 20 suggests direct facilitation between pests that
increases per capita damage as pest dendity rises (Headley 1972), curve (b) suggests no such
facilitation, while curve (c) suggests that competition among pests for the damaged resource leads to
adeclinein per capita damage a high pest dengties (Southwood and Norton 1973). Curves (b) and
(c) are conddered the mogt likely form of relationship between pest abundance and damage for most
types of consumptive impact, the presence of the asymptote implied by (c) depending on the density
of pests and the distribution of the susceptible resource in space and time (Hone 1994). More
complex relationships between pest dengity and impact may result where factors other than pest
dengty affect the propensty of pests to inflict damage (for example, Hone 1988). Figure 21 shows
the relaionship between feral pig dendty and an index of lamb predation rate for the smi-arid
rangelands of eastern Audtrdia (Choquenot et d. 1997). The relationship is approximatdy linear up
to a density of around 4 pigskn?, beyond which competition for new-born lambs dows the rate at
which predation increases with increasing pig densty. Hone (1994) describes other relaionships
between pest dendity and impact.

(@)

(b)

Damage

Pest density

Figure 20: Possible relationships between pest density and per capita impact: (a) pest density
facilitates impact; (b) pests not in competition for resource; and (¢) competition between pests for
resource.

¥ Much of this material is drawn from Choguenot et al. (1995).
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Figure 21. The reationship between pig density and percentage of ewes that lost lambs (after
Choquenot et al. 1997).

If arelationship between pest density and impact can be established, it could be used to predict the
reduction in impact associated with incrementa reductions in pest abundance. This information could
be used to identify a density of pests below which impacts are considered acceptable. Establishing
such an acceptable ‘target’ dendty for a harvested pest population would alow the area over which
harvesting affords effective protection from impacts to be estimated (Figure 22).

> Impact unacceptable

Target density

Harvested density

Impact acceptable

Distance from base of harvesting operations

Figure 22: The relationship between distance from the base of harvesting operations and the density
of the population harvested to P=0, with an arbitrary target density indicated. Where harvesting
reduces the population below this target density, impacts are considered acceptable (Choquenot et al.
1995).
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3.22 Anexample harvesting feral pigs

Fera pigs are acommercia resource in many parts of eastern and northern Austradia, where they are
harvested for game mest that is exported primarily to Europe (Tisdell 1982; Choquenot and O’ Brien
1989; Ramsay 1994). Pigs are harvested in the field mostly by spotlight shooting at night. Harvesting
is essentialy unregulated, although property access may be restricted in some locations. Carcasses
are dressed where they are shot and delivered to Sationary refrigeration units where they are
ingpected and purchased, actua vaue varying with weight and current demand. During 1992, chillers
were typicaly paying $1.10/kg for carcasses of over 80 kg, $0.80/kg for carcasses between 50 and
80 kg and $0.60 for carcasses of 30 to 50 kg (Ramsay 1994). The cost of obtaining carcasses is
more difficult to ascertain. There are no data on the relationship between pig densty and search time
for spotlight shooting of wild pigs and the number of pigs obtained during aforay is highly varigble.

In order to amplify their construction of a spatid mode of wild pig harvesting dong the conceptud
lines described above, Choquenot et d. (1995) assumed the following values.

al pigs harvested field dress to 40 kg ($24.00);
ten pigs are obtained on each foray (that is, v=$240.00);

cogt of handling each pig is $2 (ammunition) + $2.50 (time) (that is, c,=%$45.00 for the 10 pigs
obtained on each foray);

the cost of finding 10 pigs per foray €s) a a labour cost of $10/hr varies with dengity (D)
according to the hypothetica relationship c.=600(e"2/29)). According to this rdlationship (Figure

23), the time taken to find 10 pigs when D =15 piggkn? is 0.28 hrs (equivaent to c;=$2.80)
while when D=1 pigg/kn¥ it requires 35 hours (equivaent to c;=$350.00) to find 10 pigs to
harvest;

cost of travel is $1.00/km;

minimum acceptable profit to the harvester is $50.00/foray (p,=$50.00); and

the population has an unharvested density of K =15 piggkn?.
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Figure 23: Assumed relationship between the cost of finding 10 pigs per harvesting foray (cg) and pig
density.

The distance-dendity reationship for a pig population harvested to densties where P=0, and
conforming to the above assumptions is shown in Figure 24. Harvesting the population is
economicdly viable out to 72 km from the chiller location. Beyond this distance, harvesters must
reduce their minimum acceptable profit (,) in order to continue harvesting. The distance-density
relationship will perss through time where r»>d, and will represent that prevailing when harvesters
move to other locations or species where r<d (see Section 2.2.1). Giles (1980) estimated r, for
wild pig populations in western New South Wales to be around 0.62 (86% per annum). Harvesting
wild pigs would be unsustainable only when d exceeded this level. If harvesters discount their
investment in pig harvesting at a rate approximating the prevailing bank interest rate, it is unlikely that
wild pig populations will often be harvested unsustainably.

If a rationship between pig densty and impact was used to identify a densty below which the
incidence or frequency of the impact was ‘acceptable’, then the area over which the harvesting
operation reduced pig density to a level where impact was acceptable could be estimated from the
relationship shown in Figure 24. For example, an empirica relationship between the occurrence of
seedlings of a species integrd to an endangered plant association and pig density might suggest that
a dengties less than 6 piggkn? the occurrence of seedlings was such that the plant association
would pergst. For an homogenous population of pigs harvested as described above, pig dendty
would be below this target for a distance of 41 km from the chiller. This would effectively mitigate
the impact of pigs on the plant association over an area of 5,281 kn¥. If the target density were
lower than 6 piggkn?, then the area over which impact mitigation was achieved would contract.
Figure 25 shows the relaionship between target densty and area protected for the harvesting
exampleillugtrated in Figure 24.
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Figure 24: The relationship between distance from the base of harvesting operations and pig density
for a pig population harvested to P=0. Beyond a certain distance the population persists at its
unharvested density K (Choquenot et al. 1995).
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Figure 25: The relationship between the target density for pigs, below which impact is acceptable, and
the area over which the harvest illustrated in Figure 24 reduces density below this target.

3.2.3 Harvesting and conventional control

The above example suggests that commercid harvesting can lead to reduced pest dendties, often
over consderable areas. However, the question of whether harvesting can coexist with conventiona
control of pests remains. Notwithstanding costs, control will reduce pest impacts more than
harvesting: (1) where control achieves a higher reduction in pest dengity than does harvesting; and (2)
when control is used to further reduce pest abundance following completion of an unsustained
harvest (for example, where fera goat control is conducted after harvesters have reduced goat
abundance to economic extinction).
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Where harvesting achieves a greater reduction in pest dendty than achievable by any control that
would otherwise be undertaken, harvesting will lead to more effective mitigation of pest impacts than
contral. In such a case, implementation of conventiona control will reduce the economic viahility of
the harvest by removing animas which would have been harvested in any case. In extreme cases,
control may affect the viability of a harvest to the point where harvesting ceases and any associated
conservation benefits are logt. If, as is usud, pest control to reduce environmenta or agriculturd

impacts is publicly funded, remova of pests that would otherwise be taken by harvesters represents
a questionable use of finite resources. Where control leads to cessation of harvesting, the cost of
achieving environmenta or agriculturd protection through pest control, commensurate with that

achieved at no public cost through harvesting, will have to be indefinitely borne by public resources.
Such unnecessary expenditure reduces the opportunity for reduction of environmenta impacts
through pest control in areas where harvesting is not viable or has less effect on pest dengty.

Where harvesting does not reduce pest dengity to levels where impacts are considered acceptable,
or where the area over which harvesting achieves gppropriate reductions in pest densty is
consdered too smdl, options for expenditure of public resources are not limited to subgtituting
conventiond control. Increasing the vaue of harvested animas will reduce the population dendty a
which P=0, increasing both the reduction in dengity associated with the harvest at any distance from
the base of harvesting operations, and the area over which harvesting occurs. Subsdisng the
commercid harvest of pest animds to increase their vaue may represent the most efficient use of
public resources to achieve effective reduction in impact. Figure 26 demongrates the effect of
increasing the vaue of harvested pigs by 15%, on the distance-dendty relationship for the wild pig
harvest illugtrated in Figure 24. The area over which dendty has been reduced beow that affording
acoeptable mitigation of impact (<6/kn) increases by 52% to 10,935 knt.

Subsdised harvesting will only increase the reduction in pest dengty achieved by harvesting if the
harvester’ s minimum acceptable profit is unaffected by the vaue of the harvested commodity. Figure
27 shows the relatiionship between the vaue of fox skins and the number of skins exported from
Augtrdia between 1980 and 1992 (Ramsay 1994). Assuming that no stockpiling of skins occurred,
ether: hunters increased harvesting rates in response to higher prices; or high harvest rates reduced
fox abundance and skin supply relative to demand, leading to increased skin vaue. If higher
harvesting rates led to devated demand, years in which harvesting was high would tend to be
followed by years where value was high. Figure 28 shows the vaue of fox skinsin year t subtracted
from the value in year t; (that is, negetive values indicate an increase in value) plotted againg the
number of skins exported in year t. There was no overdl pattern suggesting that harvests responded
to commodity vaue rather than the other way around, athough smdl increases in skin value occurred
in the years llowing the three highest exports of skins, suggesting that where harvest rate is very
high it may have some effect on supply in relaion to demand and consequent skin value. The effect
of increesng commodity vaue on the minimum profit acceptable to harvesters is unknown, but
competition should suppress any tendency for acceptable profitsto rise.
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Figure 26: The relationship between distance from the base of harvesting operations and pig density
where (@) harvesting corresponds to conditions detailed in the text, and (b) the value of pigs is
increased by provision of a 15% subsidy.

Indirect effects of harvesting on control and vice versa can complicate the degree to which harvesting
and control can be interchanged to achieve pest control objectives. For example: (1) harvesters
might exert political pressure on control agencies not to conduct conventiond control they would
otherwise undertake; (2) harvesting activities could reduce the effectiveness of techniques used for
control (for example, ground shooting by harvesters may make animals less likely to enter traps used
for conventiond control); and (3) control might affect the ability of harvesters to exploit animas
surviving contral (that is, helicopter shooting of wild pigs and goats may make survivors difficult or
impossible to harvest). Indirect consequences of harvesting for the effectiveness of control, and of
control for harvesting, will often depend on the particular circumstances of given pests, impacts and
harvests.
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Figure 27: The relationship between the value and numbers of fox skins exported from Austrdia
between 1979 and 1990 (Ramsay 1994).
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Figure 28: The relationship between change in the value of fox skins (% — $t.1) and the number of fox
skins exported in year t.;.

3.24 Concluson

Many factors influence the effect of commercid harvesting on the density of pest populations and the
economic sugtainability of such harvests. These include the vadue of the harvested commodity, the
costs associated with the harvest (which will usudly be afunction of pest dengty), the minimum profit
acceptable to the harvester, the pest population’ s intrinsic capacity for increase, and the discount rate
goplied to investment in harvesting. The extent of reduction in environmenta or agriculturd impact
associated with pest harvesting will depend largely on the area over which the harvest reduces pest
dengty to levels where damage is deemed acceptable. Determining pest dendties a which
environmenta or agricultural impact is acceptable requires information on the relationship between

pest density and damage. While there are theoreticad modds of this relaionship, empiricd data are
rare. Opportunities to integrate conventional control and commercia harvesting of pests gppear to be
common, particularlly where commercid harvests are unsustainable. Where commercid harvesting is
sugtainable, conventiona contral is rationa only when it meets a specific damage control objective by
maintaining control of pest populations a dendties lower than that achievable through commercid

harvesting. Pest harvesting has the potentia to contribute to pest control objectives under a range of
conditions. Insufficient information on the relationship between pest abundance and environmenta

and/or agriculturd impact currently limits our ability to connect the two.

3.3  Wildlife harvesting and conservation

Sugtainable wildlife harvesting has the potentid to contribute to conservation objectives related to
land management in two ways.

1. use of wildlife may impart economic vaue to land which supports habitats necessary for the
sugtainability of the harvest (conservation of habitats); and/or

2. subgtitution of wildlife harvesting for existing forms of land use may results in a more conservative
use of biological resources (enterprise diversfication).
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However, the sustainability of the wildlife harvesting itsdf has important implications for wildlife
consarvation. In this Section we address the question of whether or not wildlife harvesting on
agricultural land can be sugaindble. Assuming that wildlife harvesting can be conducted in a
sugainable fashion, we then go on to discuss issues which determine whether harvesting can
contribute to conservation objectives by providing an dternative use of undeveloped land, or
dlowing enterprise divergfication.

3.3.1 Sustainability of harvests

Factors influencing the sugtainability of wildlife harvesting have been described in previous Sections
of this paper. Thereis no doubt that harvesting has contributed to or independently caused both |ocal
and continental extinction of many species (Cassas 1983; Caughley 1987a). Many more species
have been brought to the verge of extinction or suffered severe range contraction as a result of
commercia overexploitation (Clark 1973). Unfortunately, while some overexploited species have
recovered following the cessation of harvesting or intervention of strict controls on use (for example,
crocodiles (Crocodylus spp.) in Audtrdia, and deer (Family Cervidae) in Russa), many others have
not (for example, koaas (Phascolarctos cinereus) and yellow-footed rock wallabies (Petrogale
xanthopus) in Audrdia). The clear potentid that commercid wildlife exploitation has for impact on
species range and/or persstence reinforces the concern that harvesting may have direct conservation
implications for the species concerned.

Kangaroos

The commercidly exploited species of kangaroos have sustained a combined harvest in Audrdiaof
around two million annually for decades without any gpparent diminution of their range or their ability
to recover from harvesting (Collins and Menz 1986).This demondrates that State and Territory
kangaroo management programs have been successful in meseting their the conservation objectives
(Poole 1978). Gibson and Young (1987) dmilaly concluded that ‘the (nationd) kangaroo
management program has been effective in Imultaneoudy ensuring the surviva of a viable population
of dl the harvested species over ther naturd range; and aso containing the deleterious effects of
kangaroos on agricultura and pastora production’. While kangaroo harvesting has been
concentrated in areas where kangaroos species are most abundant (Sinclair 1977), this strategy is
both efficient from acommercia perspective, and safe in terms of conservation.

‘The quota system has yet to be tested nationally or for any significant period
of sustained industry pressure.’

If marketing successfully eevates demand for kangaroo products, would existing regulatory systems
continue to successfully meet their conservation objectives? Evidence from Queendand suggests that
the quota system has been an effective congraint on the desire of the industry to harvest more red
kangaroos in that State over recent years (see Section 2.5.3). However, the quota system has yet to
be tested nationdly or for any significant period of sustained industry pressure. Such atest will occur
if increesng demand results in quotas for al species being reached in dl States. Under such
conditions, the ratio of quotas to monitored kangaroo dengties will have to be carefully scrutinised to
guard againg any systemeatic shift toward higher proportiona harvests that cannot be unequivocaly
justified on biological grounds (a phenomenon Graeme Caughley christened ‘quota creep’). Such a
shift would indicate development of a symbictic reationship between the harvesting industry and the
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agency responsible for regulation of the harvest. At present, the dlocation of quotas, licenang and
the monitoring of species abundance is managed by the State wildlife agencies, with additiona
support through the control of exports by the Commonweath Government. This system must remain
in place.

Other species

Mogt other species harvested on agricultural land are introduced (for example, goats, pigs, horses,
donkeys, camels and rabbits). Offtake levels of these species are not subject to government
regulation because these animds are consdered pests warranting removal by any means. As such,
the sugtainability of their harvests is not congdered an issue of concern for government or by
consarvation organisations. Indeed, the converse is often the case with arguments mounted that
commercid exploitation may lead to maintenance of higher dengties of these pecies than would
occur if they had no commercia vaue (Braysher 1993). Section 3.2 consders these argumentsin the
context of commercia harvesting, conventiona control, and combinations of the two.

3.3.2 Conservation through changesin land management

Perceived benefits to conservation through improved land management are often put forward as
arguments in favour of sustainable wildlife harvesting. The generd benefits to conservation which are
percaived to flow from the sustainable exploitation of wildlife are: (1) consarvation of habitats
necessary for the sustainable offtake of harvested species; and (2) diversfication of land use through
integration of agriculture and wildlife harvesting.

Conservation of habitats

If harvested wild animd's have a vaue exceeding that of other forms of land use, then conservation of
their naturd habitat to ensure ongoing harvests will represent an economicdly rationa decison. In
addition, where land use decisions favour habitat conservation in order to harvest species, a wider
conservation benefit is often achieved through the conservation of species which, dthough not
harvested, also rely on the conserved habitat. In most Stuations, but especialy on agricultura land,
conservation of naturd habitats is not the mativation behind harvesting programs. However this does
not mean that wildlife harvesting has no conservation benefits in these aress.

‘I'f harvested wild animals have a value exceeding that of other forms of land use,
then conservation of their natural habitat to ensure ongoing harvests
will represent an economically rational decision.’

For example, it has been suggested that satwater crocodiles have the potentia to be harvested as a
high-vaue species for trophy hunting. It islikdly that the capacity of a crocodile population to supply
trophy-grade individuas will a some leve reflect the availability of wetlands which represent prime
breeding habitat. Such wetlands can be rapidly degraded by the effects of cattle grazing, limiting the
capacity of resident crocodile populations to produce trophy-grade individuas. A landholder who
owns property containing such wetlands may decide to protect them from cattle grazing in order to
participate in crocodile trophy hunting activities. While conservation may not represent the primary
motivation of the landholder, in protecting wetlands on their property they not only safeguard their
access to sugtainable income from the crocodile hunting trade, but conserve the myriad other species
which inhabit wetlands.
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In making such land use decisons, landholders responding solely to economic imperative will select
the land use that maximises the present vaue of current and future income (Section 2.2 considered
the range of factors which impinge on the present vaue of various forms of income in the long and
short-term). Where a landholder dects, on an economic basis, not to undertake wildlife harvesting,
society may forgo conservation benefits upon which it places consderable vaue In these
circumgances subsdy of wildlife harvesting to make it a more economicdly attractive option than
less benign land uses may represent a sensible expenditure of resources available for conservation
(Section 3.2.3 described how a smilar subsdy system could potentidly increase the capacity of
commercid pest harvesting to limit environmental impacts).

In order to consder policy options which seek to redise the potentid conservation benefit wildlife
harvesting may have through habitat conservation, the full range of ecologica and economic factors
which impinge on the sustainability of harvesting need to be considered. These factors are outlined in
some detall in Sections 2.1 and 2.2. In addition, the interplay of economic and socid factors thet will
influence landholder decisions about the most gppropriate use of unimproved lands must be explored
in order to identify where government intervention may enhance conservation benefits accruing to
society as a whole. These factors are considered in Section 2.2 and 2.3. There appears particular
vaue in examining the potentid for harvest subsdy where this promotes long-term protection of
undevel oped land of specific conservation vaue.

Enterprise diversification

Land degradation is a serious conservation problem in Audrdia, particularly in the arid and semi-arid
rangeands. The specific mechaniams by which degradation was higoricdly initiated and continues
today are debatable, but there is little disagreement that overgrazing, particularly during droughts, isa
primary cause of pasture modification and soil compaction (Noble 1986). While domestic and fera

herbivores are generdly viewed as the mgor agents of overgrazing, native herbivores adso contribute
to changes in pasture biomass and species composition, and hence contribute to total grazing
pressure (Freudenberger 1995). It is broadly accepted that management of total grazing pressure is
necessary if continuing degradation of the rangelands is to be dowed, halted or reversed (Ludwig et
a. 1997).

Grigg (1988, 1989, 1995) has proposed that the rate of land degradation could be ameliorated if
landholders used income derived from participation in kangaroo harvesting to reduce domestic
animal stocking rates (see Box 2). For this proposa to work, landholders must redlise either a net
economic gain in their participation in kangaroo harvesting and an associated reduction in domestic
anima dendties, or a least view this change as a cost-neutrd dternative to current grazing activities.
Economic gains to landholders will be the direct income they receive from some level of participation
in kangaroo harvesting (see Section 3.1 for a discusson of the various levels at which landholders
can participate in wildlife harvesting), and any increase in the vaue of their property commensurate
with its improved condition as a consequence of more conservative stocking practices. Economic
losses will be the forfeited income from domestic stock, forgone through any reduction in stocking
rate associated with their participation in kangaroo harvesting. In addition, where graziers have an
dtruigic concern for the welfare of future generations, they may to some degree discount any
negative baance in the ratio of losses to gains associated with participation in kangaroo harvesting.
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Under this proposd, landholders seeking to maximise their net income from the combination of
participation in kangaroo harvesting and traditiondl grazing activities must reduce domegtic animal
docking rates. If net income is maximised without any such reduction, there will be no economic
incentive for landholders to reduce domestic anima stocking rates, and hence no mechanism
asociating kangaroo harvesting with conservation gains through reduced totd grazing pressure.
Reducing domestic anima stocking rates will increase net income accruing to landholders only where
the forfaited income from domestic stock (thet is, income forgone from the sde of stock or ther
product equivadent to the sze of the reduction in stocking rate), is more than offset by the sum of
increased income resulting from higher yields of kangaroos and higher capitd vaue of property
achieved through improved land management. It is important to note that in the absence of any
increase in the yield of kangaroos, increases in the vaue of kangaroos done will not provide an
economic incentive for landholders to reduce domestic animal stocking rates. However, if reductions
in domestic stocking rates result in an increase in the dendty and consequently the harvestable yield
of kangaroos, then increasing the vaue of any kangaroo harvesting will increase the degree to which
income forgone through reduced domestic anima dendty can be offset.

Daa supporting the contention that reducing domestic anima stocking rates increases kangaroo
density (and hence yield) are equivoca. Kangaroo densties on Kinchega Nationd Park between
1973 and 1984 were on average twice that on Tandou, a neighbouring property (Robertson 1987).
While some of this difference probably reflected an impact of sheep on kangaroo densty, other
factors dso differed between the two Stes. These included a variable degree of kangaroo harvesting
on Tandou, the disruptive effect the kangaroo-proof fence between the two Sites may have played in
dispersd, and the potentia effect dryland cropping over alarge portion of Tandou had on kangaroo
dengities on that property. In contrast, Denny (unpubl. data cited in Edwards 1989) could
demongtrate no difference in kangaroo densty between Sturt Nationa Park in northwestern NSW
and adjacent pastoral properties.

Gibson and Young (1987) found that kangaroo densty in the rangelands averaged about 20% of
sheep dengty, irrespective of stocking rate (Figure 29). However, beyond a correlation between
sheep and kangaroo dengty, their study does not demonstrate any reduction in kangaroo dengity
commensurate with increasing domestic stocking rate. Hence, it is far from certain that areduction in
domestic animd densty would increase kangaroo density. In the absence of any such increasg, it is
difficult to understand why any graziers (assuming that they ae motivated by economic
consderations) would reduce domestic anima dengties even if the vaue of harvested kangaroo
products increased.

Unless large increases in the value of kangaroos and an increase in kangaroo dendty in response to
reduced stocking rates was redised, it would be economicdly optimd for a grazier to derive
additional income from kangaroo harvesting, rather than substituting harvesting income for that
derived from traditiond grazing activities. It gppears that a clear demondration of a relationship
between stock dendties and kangaroo dendties (or rate of increase) is criticd to the further
development of Grigg's (1988, 1989, 1995, 1996) thesis.
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Figure 29: Relationship between stocking rate and kangaroo density across rangelands in Austraia.
Dots are areas used only for grazing; squares are marginal cropping areas (data from Gibson and
Y oung 1987).

Of course, kangaroos are only one of a number of potentidly harvestable resources in the
rangelands. The same conservation gains associated with subdtitution of kangaroo harvesting for
traditional grazing activities could be applied to these other harvestable resources. Smilarly, the same
factors that congtrain the capacity of kangaroo harvesting to achieve reductions in domestic anima
stocking rates will gpply to conservation gains derived through the exploitation of these other
resources. These congraints include the sustainability of the harvest itself, and the ratio of the income
derived from the harvest with that equivadent to the reduction in grazing activities necessary to
participate in the harvest. However, perhaps of more importance is the need to establish aclear link
between the sze of wildlife harvests (and hence their vaue to the landholder) and domestic animal
stocking rates. In the absence of such information, the potentia for wildlife harvesting to contribute to
improved land management in the rangdands will remain equivocd. Until these issues are resolved
the development and extension of sensble palicy in thisareawill be difficult or impossible.
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Appendix 1: Demand curvesfor exports of kangaroo products

The demand curves for annuad exports of kangaroo products, @ pet meat (1984-1992), b) game
meat (1984-1992), c) raw fur skins (1980-1992), and d) pickled skins (1980-1992). The lines of
best-fit follow an exponentid decay modd (thet is, y = A(B)™, where A and B are constants). Raw
fur skin was the only commodity for which there was a significant relaionship between demand and
price. (Data from the Audrdian Bureau of Statidtics, in Ramsay 1994. All vaues in 1994 dollars)
The data were andysed by linear regresson after the variable ‘Priceé was linearised by log
transformation (Snedecor and Cochran 1989).
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b) Game mest (1984-1992) F, ¢ = 2.32, P> 0.15, r = 0.528
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Macropus robusfus (Wallaroo/Euro)

SRR
SN
SRR,

A A

SRS
RN
SR
SR
S

A

SRR,

Western Sustralia

B S
AR
R

BN EE
SRR
R

11,000

1000 1921 1092 1983 1024 1985 1026 1087 1022 1020 1990 1091 1998 1093 1904 1095 1906 1047

Year

B Commercial Kill

M Quota

Bureau of Resource Sciences

90



GLOSSARY

Asymptote: Where acurvilinear line flattens out and approaches a congtant vaue.

Forbs. Broad-leafed (non-grass) herbaceous plants.

I nstantaneous birth rate: The number of individuas born over a short period of time (usudly in the
order of days or weeks).

I nstantaneous death rate: The number of individuds that die over ashort period of time (usudly in
the order of days or weeks).

I nstantaneousrate of increase: The rate defined by the difference between the instantaneous birth
and death rates of a population. Note that this rate may be negative in value (thet is, a decrease) and
isreferred to asarate of ‘increase’ by convention.

Intrinsic rate of increase (n): The exponentid rate a& which a population with a stable age
distribution grows when no resource is in short supply.

Lability: Ingability.

Population: Group of animals occupying an area where they are subject to the same broad set of
environmenta or management conditions.

Stochastic: Incorporating some degree of random variation.

Total grazing pressure: The sum impact of stock, native herbivores and introduced species on
pastures.

Vegetation biomass: Weight of above-ground vegetation available per unit area of ground.
Wildlife or wild animals. Unmanaged, free-ranging native and/or introduced animal species.
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