Commercial harvests of saltwater crocodile
Crocodylus porosus eggs by Indigenous people in
northern Australia: lessons for long-term viability

and management
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Abstract Sustainable commercial use of native wildlife is an
alternative economic means of land use by Indigenous peo-
ple in remote rural areas. This situation applies within large
tracts of land owned by Indigenous people across northern
Australia. The commercial use of saltwater crocodiles
Crocodylus porosus is a growing industry in Australia’s
Northern Territory. Although Indigenous people sell croco-
dile eggs and hatchlings, the majority of harvesting and in-
cubation is done by non-indigenous people from less
remote areas. One Indigenous community has been heavily
involved in this industry and now manages its own harvest
and incubation programme. We present a case study of this
programme, which has transitioned from outside agencies
managing the harvest, to complete local ownership and
management. Egg harvests and incubation success rates de-
clined by 40% following the switch to local management.
Income increased, as did production costs; in particular,
royalty payments made to Indigenous landowners. The de-
clines reflect the community’s motives for engaging in the
industry, which have been socially rather than commercially
driven, and damage to nesting habitat by feral animals. The
increase in royalties reflects the need to compete with
non-indigenous harvesters from outside the township,
who are strictly commercially driven. Harvesting, incuba-
tion and trade in crocodile eggs and hatchlings can form a
viable and sustainable enterprise for remote Indigenous
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communities. However, efficiency needs to be improved to
fulfil the need for a reliable and dependable supply chain,
and regulatory institutions should give Indigenous harvest-
ers sufficient freedom to pursue innovative and viable live-
lihood options.

Keywords Australia, Crocodylus porosus, economic devel-
opment, natural resources, saltwater crocodile, sustainable
livelihoods, sustainable use, wildlife utilization

Introduction

ndigenous people have depended on wildlife harvesting

for millennia, with hunting and gathering occupying a
central place in culture and the structure of society.
Accordingly, efforts to promote sustainable economic devel-
opment on remote Indigenous-owned lands have often
focused on wildlife resources, with products increasingly
entering a market-based cash economy rather than being
distributed according to traditional practices (Altman &
Cochrane, 2005). However, exploitation driven by market
demand, in the absence of appropriate management, can
increase the risk of decline and extinction of wildlife popu-
lations (Sodhi et al., 2004; Wilson et al., 2010; Eisemberg
et al,, 2011). The Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES) was
enacted specifically to counter threats of species extinction
linked directly to international trade in wildlife.

There is an increasing body of evidence (e.g. Gordon &
Ayiemba, 2003; Lichtenstein, 2010; Cooney et al., 2015), now
entrenched in conservation paradigms (e.g. Convention on
Biological Diversity, 2004; IUCN, 2004), that the commer-
cial use of wildlife can and should be a means for improving
rural livelihoods. The sustainable use of wildlife resources
that exploit the same productive potential of land normally
used for agriculture or pastoralism can be a building block
for both sustainable economic development and conserva-
tion (Lindsey et al., 2013). This form of resource use values
and depends on maintaining, rather than replacing, native
wildlife and its environment (Child, 1996; Hutton &
Leader-Williams, 2003; Cooney, 2008).

In the Northern Territory of Australia (Fig. 1) 81% of the
Indigenous population live in remote areas and own nearly
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FiG. 1 The locally managed Indigenous Protected Area in the
Maningrida region of the Northern Territory, Australia, with the
major river systems where Crocodylus porosus eggs have been
harvested, and the locations of outstations occupied by
Indigenous people. The dark shaded area on the inset map is
Arnhem Land.

half of the land mass, mainly under communal title (Altman
et al,, 2007). The relatively harsh environment limits the po-
tential for crop production and grazing livestock as a means
of Indigenous people participating in the market economy.
Viable arts industries (e.g. Koenig et al., 2011) and commu-
nity ranger (land and sea management) programmes (e.g.
Gorman & Vemuri, 2012) have been established, and pay-
ments for environmental services are also emerging (e.g.
Russell-Smith et al., 2013). Nevertheless, options for eco-
nomic development in remote areas are constrained by lim-
ited infrastructure, distance from economic centres, low
levels of literacy and numeracy, poor health, limited engage-
ment with the private sector, the inalienable conditions of
communal land title, and the need for arrangements about
resource use to be approved by Land Councils established
under the Aboriginal Land Rights (Northern Territory)
Act 1976 (Taylor, 2003; Gorman et al., 2008a). Limited eco-
nomic development means that many Indigenous people
living in these areas depend on welfare-related programmes,
plus subsistence harvesting of wildlife to supplement income.

Indigenous-owned lands and waterways in the Northern
Territory have been largely unaffected by development and
retain much of their original biodiversity (Altman et al,

2007). Large tracts of these lands have been incorporated
into Australia’s National Reserve System as Indigenous
Protected Areas (Davies et al., 2013), and are generally man-
aged under IUCN Category VI as protected areas with sus-
tainable use of natural resources. This seems an appropriate
option for the Indigenous estate, with economic benefits
being derived in ways that connect people to country and
customary wildlife harvesting practices (Webb et al., 1996;
Altman & Cochrane, 2005; Cooney & Edwards, 2009).
Such enterprises, linking income to land management, pro-
vide incentives to maintain natural habitats, and localized
mechanisms to mobilize attention, energy and resources
for monitoring, management and threat control (Webb,
2002), and result in the generation of new management
knowledge and capacity (Cooney, 2008).

To this end, the Indigenous-owned and managed
Bawinanga Aboriginal Corporation has incorporated sus-
tainable use programmes involving freshwater turtles Chelo-
dina rugosa (Fordham et al., 2007), native plants (Gorman
et al., 2008b) and saltwater crocodiles Crocodylus porosus
(Austin & Corey, 2012) into the local hybrid economy
(Altman & Cochrane, 2005). The crocodile programme in
Maningrida, which is the focus of this study, involves har-
vesting and incubating crocodile eggs, and selling hatchlings
to commercial crocodile farms. The continuation of this
enterprise over 26 years stands in stark contrast to the
long history of failure of commercial enterprises on
Indigenous-owned lands in Australia (Dale, 1996).

Despite the longevity of Bawinanga Aboriginal Corpora-
tion’s programme and the factors that have contributed to
its comparative success (Fordham et al., 2010; Austin &
Corey, 2012), this enterprise has not reached its full potential
(Fordham et al.,, 2010). We provide a critical assessment of
the programme, in a case study of how an Indigenous com-
munity without a traditional cash economy has adapted to
the challenges involved. We track the evolution of the pro-
gramme over time, and the transition from outside agencies
managing the harvest to local ownership and management.
Specifically, we compare harvest records between the two
periods of management, and highlight lessons learnt from
the analyses of both the harvest data and management pro-
cesses, as well as the personal involvement of the authors in
various aspects of the harvest over time.

Case study

Saltwater crocodiles

Saltwater crocodile populations were depleted to c. 3,000 in-
dividuals in the Northern Territory by unmanaged com-
mercial exploitation during 1945-1971, but following their
protection in 1971 they entered a recovery phase, which is
now almost complete. The Northern Territory population
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is estimated to include 80,000-100,000 non-hatchlings
(Fukuda et al., 2011). The Australian population of saltwater
crocodiles was originally listed on Appendix II of CITES in
1975, transferred to Appendix I in 1979, and then transferred
back to Appendix II in 1985 specifically to facilitate inter-
national trade based on ranching (CITES, 2017). Ranching
refers to the collection of wild eggs, hatchlings and/or juve-
niles, which have a low probability of surviving to adult-
hood, and growing them in captivity. Saltwater crocodiles
are > 5 m in length and are predators of both people and
livestock in the Northern Territory (Fukuda et al.,, 2014).
Commercial sustainable use programmes were introduced
in the early 1980s to provide incentives to conserve crocodile
nesting habitat and to generate economic benefits for rural
landowners, to help compensate for the increased problems
the recovering crocodile populations were causing (e.g.
stock losses).

Harvest programme

The Northern Territory ranching programme involves
commercial harvesting of eggs, with landowners being
paid AUD 20-4o0 for each live egg (containing a viable em-
bryo), depending on location and collection costs. Up to
70,000 eggs are harvested per year (Leach et al., 2009)
and c. 70% of these come from Indigenous-owned lands
(Northern Land Council, 2011). With the exception of
the Bawinanga Aboriginal Corporation, involvement of
Indigenous people has been largely passive, and confined
to the acceptance of royalties for harvested eggs. Although
the crocodile farming industry in the Northern Territory
has grown and become more technically advanced and vi-
able, contributing c. AUD 25 million to the economy annu-
ally (Department of Business, 2015), commercial viability
had previously been constrained by a series of technical in-
efficiencies (e.g. Isberg et al., 2009).

Regulatory context

Northern Land Council The Aboriginal Land Rights
(Northern Territory) Act 1976 provides the basis on which
Aboriginal people in the Northern Territory can claim
rights to lands based on traditional occupation. Land is
then granted under inalienable freehold title; it cannot be
bought, acquired or mortgaged. The Act invests power in
Land Councils (in this case the Northern Land Council)
to ensure that Aboriginal landowners have given informed
consent for any commercial activity to take place on their
lands. Specifically, section 19 of the Act requires that Land
Use Agreements be signed by business proponents and
relevant Indigenous landowners, detailing the activities
to take place and the benefits (usually royalties) that
landowners will receive. This process of consultation

Harvesting saltwater crocodile eggs

requires a lawyer, anthropologist and biologist, as well as
other staff who manage the administrative aspects of any
contractual agreements. The Northern Land Council has
the power to influence the nature and extent of benefits
received by landowners through participation in the
market economy.

Northern Territory Parks and Wildlife The saltwater
crocodile is protected under the Territory Parks and
Wildlife Conservation Act. Section 66 of this Act makes it
illegal to harvest crocodiles or their eggs without securing
a permit; these are issued under a management plan, and
population monitoring also occurs as part of the harvest
programme (Leach et al, 2009). Under this Act,
Indigenous people have rights to harvest wildlife for
subsistence purposes without a permit, but this does not
extend to commercial sales of wildlife. Indigenous people
are not bound by hunting regulations or seasons when
taking wildlife for food or other traditional purposes.

Maningrida

Maningrida is located on the north-central coast of Arnhem
Land, c. 550 km from the regional capital of Darwin (Fig. 1).
Arnhem Land is a c. 94,000 km* Aboriginal Reserve (Fig. 1),
with restricted access by non-indigenous people. Access to
Aboriginal lands in the northern region of the Northern
Territory is managed by the Northern Land Council, which,
in addition to the responsibilities mentioned above, is also
tasked with helping Aboriginal people to acquire and manage
their traditional lands and seas (NLC, 2011). Maningrida was
established in 1957 as a service and trading station. It com-
prises an administrative region of c. 10,000 km?, with a current
population of c. 2,650 (mostly Indigenous people). More than
half of this land (6,732 km?) lies within the Djelk Indigenous
Protected Area (Ansell & Koenig, 2011; Fig. 1). Another 360
Indigenous people live semi-permanently in 32 outstations
in the region (Fig. 1), mostly in family-based communities
of 10-50 people. Maningrida is in the wet-dry tropics of nor-
thern Australia, where > 90% of the mean annual rainfall
(1,284 mm) falls in the wet season, during December—April.
The Bawinanga Aboriginal Corporation was established
in 1979 as a resource agency for Indigenous people in the re-
gion. It is responsible for the provision of various commu-
nity services and enterprises, one of which is the Djelk
ranger programme (Altman & Cochrane, 2005; Ansell &
Koenig, 2011). Although the Corporation has no legislative
powers or statutory responsibilities under the Aboriginal
Land Rights (Northern Territory) Act 1976, it has played
an important role in advocating for land rights, outstation
development and regional Aboriginal self-determination
for > 100 land-owning groups in the Maningrida region
(Fig. 1). It is governed by a board of annually elected
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TasLE 1 Royalty payment rates and hatchling values for Crocodylus porosus eggs harvested from the Maningrida region in the Northern
Territory of Australia (Fig. 1) by Wildlife Management International (WMI) and the Bawinanga Aboriginal Corporation (BAC) during

1989-2015.

Royalty rate  Hatchling value ~ Royalty
Season Harvester Incubator Royalty paid on (AUD) (AUD) distributor’
1989-1990 WMI WMI All eggs harvested 3 Not applicable BAC
1990-1991 WMI WMI All live eggs harvested 5 Not applicable BAC
1991-1992 WMI WMI All live eggs harvested 5 Not applicable BAC
1992-1993 WMI WMI All live eggs harvested 5 Not applicable BAC
1993-1994 WMI WMI All live eggs harvested 5 Not applicable BAC
1994-1995 WMI WMI All live eggs harvested 5 Not applicable BAC
1995-1996 WMI WMI All live eggs harvested 5 Not applicable BAC
1996-1997 WMI BAC All live eggs harvested 5 Not applicable BAC
1997-1998 BAC BAC Each viable hatchling sold 5 30 BAC
1998-1999 BAC BAC Each viable hatchling sold 5 30 BAC
1999-2000 BAC BAC Each viable hatchling sold 8 30 BAC
2000-2001 BAC BAC Each viable hatchling sold 8 35 BAC
2001-2002 BAC BAC Each viable hatchling sold 8 37.50 BAC
2002-2003 BAC BAC Each viable hatchling sold 10 37.50 BAC
2003-2004 BAC BAC Each viable hatchling sold 10 37.50 BAC
2004-2005 BAC BAC Each viable hatchling sold 10 40 BAC
2005-2006 BAC BAC Each viable hatchling sold 10 40 BAC
2006-2007 BAC BAC Each viable hatchling sold 15 45 BAC
2007-2008
2008-2009° BAC BAC 50% of each viable hatchling sold 30 60 NLC
2009-2010 BAC BAC 50% of each viable hatchling sold 30 60 NLC
2010-2011 BAC BAC 40% of each viable hatchling sold 18 45 NLC
2011-2012 BAC BAC 40% of each viable hatchling sold 18 45 NLC
2012-2013 BAC BAC 40% of each viable hatchling sold 18 45 NLC
2013-2014 BAC BAC 40% of each viable hatchling sold 18 45 NLC
2014-2015 BAC BAC 40% of each viable hatchling sold 18 45 NLC

'NLC, Northern Land Council.

*Harvesting did not take place during the 2007-2008 wet season because of a moratorium imposed on egg harvests by the Northern Land Council, a regional
regulatory body responsible for commercial activity on Aboriginal-owned land.

3Since 2008-2009, Land Use Agreements, which are legally binding contracts between Indigenous or non-indigenous harvesters and Indigenous landowners
on whose land the eggs are harvested (that stipulate the payment of royalties and/or other benefits), have been required by the Northern Land Council.

Indigenous members from across these groups. Land own-
ership is still based on traditional law, in which a system of
managers and owners exists. Land managers have maternal
links to land, whereas landowners have paternal links to
land. Thus, all Indigenous people in the region are land-
owners and are involved in decision making processes that
affect their lands.

Indigenous people in Maningrida were involved in a
wide-ranging research programme on C. porosus during
the 1970s and 1980s (e.g. Messel et al.,, 1981). When the
Northern Territory Government initiated the crocodile
egg harvest programme in 1989 (Table 1), it was implemen-
ted on the Government’s behalf by Wildlife Management
International Pty Limited. The Bawinanga Aboriginal
Corporation and various rangers were closely involved
with the harvest, assisting with the collection of eggs
and the distribution of payments (royalties) to local
Indigenous landowners. When this programme was priva-
tized, Wildlife Management International continued the

harvest with assistance from the Bawinanga Aboriginal
Corporation, on behalf of the crocodile farms. Wildlife
Management International then assisted in the transfer of
harvesting and incubation responsibility to the Bawinanga
Aboriginal Corporation in 1997 (Table 1), helping to con-
struct an incubator on site, providing technical advice and
training, and initially selling hatchlings produced by the
Corporation to crocodile farms.

Egg location, collection, incubation and royalty payments

Crocodiles nest during the wet season in freshwater swamps
and along tidal river banks, laying c. 50 eggs per nest (Webb
et al,, 1977). There are four river systems in the Maningrida
region (Blyth, Cadell, Liverpool and Tomkinson Rivers;
Fig. 1), where the majority of egg harvesting occurs. Eggs
are harvested from an outboard-powered aluminium
dingy, or harvesters are dropped into freshwater swamps
by a helicopter. Eggs are then transported to facilities in
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Maningrida, cleaned, and assessed (for fertility and viabil-
ity) against criteria outlined in Webb et al. (1987). Eggs are
incubated at a constant temperature of 32°C, and = 99%
humidity.

The Bawinanga Aboriginal Corporation typically re-
ceives a quota of 2,700-3,000 eggs per year. All egg harvest-
ers across the Northern Territory are allocated annual
quotas under the Northern Territory Government manage-
ment programme, which currently has a harvest ceiling of
70,000 eggs per year (Leach et al.,, 2009). The criteria used
to allocate harvest quotas are outlined in the current man-
agement plan. The Corporation pays royalties (usage-based
payments) to the relevant Indigenous landowners for any
eggs collected (or hatchlings produced from eggs) from
their lands.

Compilation of harvest records, income and operational
costs

We compiled a chronological history of the harvest
(Table 1) during 1989-1997 (when Wildlife Management
International managed egg harvests) and 1998-2015 (when
the Bawinanga Aboriginal Corporation managed egg har-
vests), using records of harvested eggs and payments for
eggs and hatchlings, from the Bawinanga Aboriginal
Corporation, Wildlife Management International and the
Northern Territory Government. In 1996-1997 Wildlife
Management International harvested eggs and the
Bawinanga Aboriginal Corporation incubated them.
Harvest data were assigned to the four major river systems
in the Maningrida area, with occasional harvests outside
those areas by both the Bawinanga Aboriginal Corporation
and Wildlife Management International grouped as ‘other’.

Because the classification of eggs for harvest quota pur-
poses has changed over time and the Bawinanga Aboriginal
Corporation’s records were sometimes incomplete, we
based all comparisons between the Bawinanga Aboriginal
Corporation and Wildlife Management International on a
combination of the most complete data across their respect-
ive years of management and criteria defined by Leach et al.
(2009): (1) the number of live eggs harvested (those contain-
ing a viable embryo and placed into an incubator); (2) the
number of normal hatchlings produced (i.e. no deformities);
and (3) incubation success rates, which are based on the
number of normal hatchlings produced, as a proportion of
the number of live eggs incubated.

Detailed operational costs were not available for the en-
tire period of egg harvesting by the Bawinanga Aboriginal
Corporation. However, we were able to compile financial re-
cords from 2009-2012, when one of the authors (BC) was
employed by the Corporation. These included staff costs
(wages for harvesting, incubation, egg husbandry, permit
compliance, reporting), helicopter hire, incubation costs
(power, water), fuel and other costs (equipment, freight).

Harvesting saltwater crocodile eggs
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FiG. 2 The mean (+ SE) number of live Crocodylus porosus eggs
harvested from rivers in the Maningrida region (Fig. 1) by Wildlife
Management International (WMI) during 1989-1997 and by the
Bawinanga Aboriginal Corporation (BAC) during 1997-2015.

Results

Egg harvests

Egg harvests differed between the two periods of manage-
ment and between river systems (two-way ANOVA:
harvester: F,,,,=14.678, P <o.001; system: F,,,,=7.589,
P < 0.001; harvester x system: F, ,,, = 0.742, P = 0.566; Figs
2 & 3a). Wildlife Management International harvested a
mean of 2,359 eggs per season (range=1,272-4,748;
Fig. 3a), the majority of which came from the Tomkinson
(26.4%), Blyth (22.7%) and Liverpool (20.0%) rivers (Fig. 2).
In comparison, the Bawinanga Aboriginal Corporation har-
vested a mean of 1,416 eggs per season (range = 269-2,287;
Fig. 3a), which came predominately from the Tomkinson
(35.8%), Liverpool (29.4%) and Blyth (20.5%) rivers (Fig. 2).
The Cadell River, which is a smaller river, contributed
fewer eggs to overall harvests, particularly in the Bawinanga
Aboriginal Corporation-managed years (Fig. 2).

There was an overall harvest limit for the Northern
Territory but no area-specific quotas were in place for the
period when Wildlife Management International managed
egg harvests at Maningrida. The overall limit (harvest ceil-
ing) was based on the stock needed for the farms, and for
exploring the impacts of harvesting on populations, which
were found to be negligible (Webb & Manolis, 1992).
Area-specific quotas were then introduced as an administra-
tive tool aimed at exceeding harvest levels, rather than
as biologically derived quotas calculated to match sustain-
ability requirements. During 1997-2015 the Bawinanga
Aboriginal Corporation harvested 57.8% of its allocated an-
nual quota and did not once meet its quota; in only one sea-
son did harvests approach the quota (88.3% in 2001-2002;
Fig. 3a), and in some years harvests failed to meet even
50% of the quota (Fig. 3a).
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FiG. 3 (a) The total number of live Crocodylus porosus eggs
harvested from the Maningrida region (Fig. 1) by Wildlife
Management International (WMI) and the Bawinanga
Aboriginal Corporation (BAC) (bars), and the number of eggs
harvested as a proportion of government-allocated harvest
quotas (dots/line). Note that quotas were not in place when
WMI harvested. (b) The number of viable C. porosus hatchlings
produced by WMI and BAC (bars), and the hatching success
rate of incubated eggs (dots/line). In 1996-1997 eggs were
harvested by WMI but were incubated by BAC, and there was no
harvest in 2007-2008.

Egg incubation

Wildlife Management International achieved higher
incubation success rates than the Bawinanga Aboriginal
Corporation (Kruskal-Wallis one-way ANOVA on ranks:
H,=13.018, P<o.001; Fig. 3b). Wildlife Management
International produced a mean of 1,413 normal hatchlings
from 1,659 live eggs (mean success rate = 84.3%), whereas
the Bawinanga Aboriginal Corporation produced a mean of
654 hatchlings from 1,396 eggs (mean success rate = 48.9%;
Fig. 3b).

Income and royalties

When Wildlife Management International carried out the
harvest for the Northern Territory Government, the
Government initially paid landowners AUD 3 per egg
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Fic. 4 Gross annual income from Crocodylus porosus hatchling
sales by the Bawinanga Aboriginal Corporation (bars) and the
proportion of this income paid to landowners as a royalty (dots/
line). There was no harvest in 2007-2008.
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found (all eggs, live or dead), and then AUD 5 per live egg
harvested (Table 1); this amounted to a mean of AUD 11,232
(range = AUD 6,360-23,740) in royalties per season, and a
total of AUD 89,859. The Bawinanga Aboriginal Corpor-
ation received a mean annual income of AUD 24,990
from hatchling sales (range = AUD 5,640-63,660; Fig. 4).
The royalty rate changed several times during the years
when the harvest was managed by the Corporation
(Table 1) but was based on the number of hatchlings sold
rather than the number of live eggs harvested. The
Corporation paid a mean of AUD 8,495 (range=AUD
1,890-31,830) in royalties, which amounted to 17-50% of
the total sale price of hatchlings (Table 1; Fig. 4). During
19892007 the Corporation distributed royalty payments
directly to landowners; from 2008, these payments were
made to the Northern Land Council, which distributed
them to landowners (Table 1). Since 1989 egg harvesting
has contributed a total of AUD 514,692 to Maningrida’s
economy.

Operational costs and economic viability

Until 2008 the Bawinanga Aboriginal Corporation owned
and operated its own helicopter. The helicopter operating
costs were unavailable, but the use of the helicopter was sub-
sidized by other programmes within the Corporation.
During 2009-2012 the Corporation hired a helicopter at a
rate of AUD 790 per hour, for a mean of 23 hours per season
(range = 11-44 hours), at a mean cost of AUD 18,170 per
year.

When staffing costs (wages for harvesting, incubation,
egg husbandry, permit compliance, reporting), helicopter
charters, incubation (power, water), fuel and other costs
(equipment, freight) are averaged across this period, the
total cost of hatchling production, plus an arbitrary buffer
of 8%, amounts to AUD 40,000 per season, or just over
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AUD 26 per live egg. This amount does not include royalties
because these are not fixed, but they are currently set at 40%
of the sale price of each hatchling (Table 1). Thus, the true
total cost was AUD 40,000 (harvesting and incubation
costs) + AUD 27,617 (royalty costs) = AUD 67,617. At cur-
rent hatchling prices (AUD 45) the Corporation would
need to harvest at least 70% of its 2,700 egg quota (1,900
eggs) and successfully incubate 80-85% of these to cover
costs and royalties. At present this is not occurring.

Discussion

Our case study demonstrates that community-managed
wildlife use programmes can yield conservation benefits
and improvements in rural Indigenous livelihoods (Gordon
& Ayiemba, 2003; Lichtenstein, 2010; Cooney et al., 2015).
Crocodile abundance at Maningrida has been increasing
despite 26 years of egg harvests (Fukuda et al., 2011), con-
firming that egg harvests are well within sustainable levels.
Public tolerance of the increasing crocodile population in
the Northern Territory is partly based on its established
economic value (DoB, 2015). The programme has been
worth over half a million dollars to the local economy,
which is significant in the context of Maningrida’s very
small economy (Northern Territory Government, 2009),
with limited options for expansion. It has created employ-
ment opportunities that utilize local people’s skills in wild-
life harvesting (Webb et al, 1996; Altman & Cochrane,
2005). This is one of the longest running Indigenous-
managed wildlife enterprises in a remote part of Australia.
In strict business terms, however, its economic viability ap-
pears to be marginal. Perhaps of most concern is the fact
that the Northern Land Council, which has responsibility
for helping Indigenous Australians to acquire and manage
their traditional lands, may be stifling economic develop-
ment, through unnecessary bureaucracy and administra-
tion. Strategies for promoting growth in ways that
continue to benefit the local economy and environment
are timely.

Egg harvests

Harvests have declined (Figs 2 & 3a), but not as a conse-
quence of reduced population abundance; monitoring con-
firms that crocodile populations are still increasing, both
locally and across the Northern Territory (Fukuda et al,
2011). Despite widespread harvesting of eggs, population
abundance has increased, notwithstanding a concurrent
increase in the total egg harvesting quota across the
entire Northern Territory (Leach et al.,, 2009). Despite a
long history of consumptive use of both crocodiles and
their eggs, and traditional knowledge associated with ex-
ploiting these resources (Webb et al., 1996), a shift from a
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solely subsistence-based harvest to a cash-based economy
has not translated into increased harvesting pressure, nor
threatened the persistence of the exploited species, as has oc-
curred in other parts of the world (e.g. Robinson & Bennett,
2002; Sodhi et al.,, 2004; Eisemberg et al., 2011). In this case,
cash has not provided an incentive to over-harvest, or even
to maximize the permitted harvest.

Egg incubation

The Bawinanga Aboriginal Corporation’s incubation suc-
cess rates were poor (Fig. 3b) and below those of Wildlife
Management International, which are generally accepted
as the industry standard, despite using the same incubation
methods. In our experience, locally employed people in-
volved in egg harvesting at Maningrida find the harvesting
aspect of the enterprise exciting, whereas egg incubation is
seen as more mundane, and eggs can die if suitably qualified
staff are not on hand to monitor them daily. Incubation is an
equally important aspect of the enterprise, as it provides the
opportunity to turn the investment of harvesting into in-
come through hatchling sales. The improvement in incuba-
tion success rates in 2009-2010 (Fig. 3b) can be attributed to
an increased focus on staff training, which was provided by
Wildlife Management International. The decline again in
2011-2012 suggests that training in egg husbandry and incu-
bation should be an ongoing process. Incubation success
rates did not improve during 2013-2015, when half of the
Bawinanga Aboriginal Corporation’s eggs were incubated
by a commercial operator (not Wildlife Management
International) in Darwin (Fig. 3b).

Income, royalties, operational costs and economic
viability

Income from egg harvesting has increased in recent years
(Fig. 4), as a result of an increase in hatchling values
(Table 1), as have operational costs such as royalties and
helicopter hire (Table 1; Fig. 4). It is difficult to gauge how
these operational costs compare with those of other
Indigenous-managed wildlife harvesting enterprises in
Australia because there are so few, and such figures are
not readily available. However, business costs are higher in
remote Indigenous communities (Biddle et al., 2008). Based
on mean harvest figures (1,416 live eggs) and incubation suc-
cess rates (47.2%), and factoring in both operating costs and
royalties, the enterprise at Maningrida has not operated in a
commercially viable way.

So why does the Bawinanga Aboriginal Corporation con-
tinue to harvest? Crocodile egg harvesting by the Corpor-
ation was initially not profit driven, but rather socially and
environmentally driven (Austin & Corey, 2012). It was seen
as a way to engage people in work that utilized existing skills
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in wildlife harvesting (Webb et al., 1996), and financed
threat reduction for crocodile habitat. For this reason the
benefits go well beyond the purely economic, to strengthen-
ing and utilizing Indigenous knowledge and skills, building
community capacity for natural resource management,
keeping people on country (i.e. enabling them to continue
to live on their traditional estates), ensuring local ownership
and management of wildlife resources, and improving
people’s physical and mental health (Burgess et al., 2009;
Cooney & Edwards, 2009; Garnett et al., 2009). These less
tangible benefits may outweigh the direct financial benefits
to Indigenous communities (Austin & Garnett, 2011).
Nevertheless, the harvest data suggest that the egg resource
is sufficient and accessible (Fig. 3a) and the Corporation’s
data suggest it has the capacity to produce enough hatchl-
ings (Fig. 3b). Thus, one of the key factors in ensuring eco-
nomic viability could simply be consistency in supply.

Underutilization of quotas

Several interrelated factors may account for the reduction in
egg harvests and the underutilization of harvest quotas.
These include seasonality, bureaucracy, feral animals and
various social and cultural factors. For instance, above-
average rainfall and widespread flooding prior to harvests
led to the loss of nests in both 1998-1999 and 2010-2011.
Seasonality is not a constraint, as all egg harvesters across
the Northern Territory have to deal with this, and can sched-
ule harvests accordingly. However, seasonality coupled with
the bureaucratic hurdles of drawn-out consultations with
landowners, facilitated by the Northern Land Council, fol-
lowed by lengthy delays in finalizing Land Use Agreements,
may mean that opportunities to begin harvesting prior to sea-
sonal events such as flooding may be lost. Such was the case in
2009-2010 and again in 2010-2011. One option for remedying
this situation may be to revisit the requirements of
implementing section 19 of the Aboriginal Land Rights
(Northern Territory) Act 1976; perhaps through establishing
a streamlined process for (relatively) small-scale enterprises
such as these (Cooney & Edwards, 2009). However, in lieu
of an overhaul of legislation and policy, the Northern Land
Council must be better resourced to perform its important
function of supporting Indigenous economic development.
In the Blyth and Cadell River systems, where the decrease
in harvests has been most pronounced (Fig. 2), invasive buf-
falo Bubalus bubalis and pigs Sus scrofa may be implicated
in reducing the abundance of suitable nesting habitat.
Damage to nesting habitat from both species is obvious
and extensive (B. Corey, unpubl. data) and buffalo densities
are high (Saalfeld, 2014). Pigs have also caused the extirpa-
tion of freshwater turtles and degradation of freshwater ha-
bitats in both these river systems (Fordham et al., 2006,
2008). Although numbers of non-hatchling crocodiles con-
tinue to increase (Fukuda et al., 2011), the long-term impacts

of reductions in nesting remain unclear. Feral animals are a
management paradox because despite the environmental
damage they cause, they form part of the diet of people in-
habiting the region (Fordham et al., 2006), and are a source
of income from royalties for safari hunting (Brook et al.,
2006) and mustering (Austin & Garnett, 2011). Serious con-
sideration will need to be given to the management of these
species if severe and lasting damage to ecosystem function,
not just crocodile nesting habitat, is to be averted.

In remote Indigenous communities, attitudes and prior-
ities associated with employment, and its largely economic
justifications, can be different to non-remote communities.
People use much of their labour to produce social capital as
opposed to financial reward (McRae-Williams & Gerritsen,
2010), with the maintenance of kinship and other relations
being critical. Poor health and education, and a legacy of
government policies that, in hindsight, have been inappro-
priate (Altman, 2000; Maru & Davies, 2011) are also impli-
cated in the dichotomy of attitudes to work between remote
and non-remote communities.

The social factors that drive species declines and extinc-
tions as a result of over-harvesting, such as extreme poverty,
population size, food supply and traditional medicines (e.g.
Robinson & Bennett, 2002; Sodhi et al., 2004; Eisemberg
etal., 2011) are absent in Maningrida because of welfare pay-
ments (Biddle et al., 2008; NTG, 2009) and a low human
population density (Altman et al., 2007). Additionally, egg
harvesters in Maningrida are employed as rangers, often
with competing workplace commitments because of their
core focus of managing fire and invasive species (Fordham
et al., 2010). The interaction of these factors means that
sometimes less emphasis may be placed on crocodile egg
harvesting as a means to make money (Davies et al,
1999). However, cash flow is fundamental to sustaining
and improving the viability of the enterprise.

Constraints on enterprise development and challenges
for the future

The crocodile farming industry, which provides the market
for eggs and hatchlings, has itself been evolving. When har-
vests were introduced it was a fledgling industry with mar-
ginal commercial viability. The demand for eggs and
hatchlings fluctuated from year to year and in some years
the farm capacity was met so easily that the Bawinanga
Aboriginal Corporation had to sell hatchlings to farms out-
side the Northern Territory. The industry is now more re-
fined, with established markets and contractual obligations
to supply skins, which is not compatible with the historical
variation in the Corporation’s production (Fig. 3a,b).
Adapting to the new market demand for a more dependable
supply chain is a challenge the Corporation must meet.
Another challenge for the Corporation is maintaining an
enterprise that is both economically and culturally viable;
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one that facilitates local residents to utilize their existing
skills and maintain the ability to manage their land and
wildlife resources. This may not be easy given the high
costs of production, and in particular the high royalties
(Fig. 4). These result directly from the Corporation, an
Indigenous enterprise, needing to compete with outside
business organizations that are not constrained by the com-
plexities of operating an Indigenous business on remote
traditional Aboriginal estates. For instance, locally employed
people are bound by strict cultural protocols governing who
can harvest in particular areas, and sometimes areas may be
closed for ceremonial purposes (Austin & Corey, 2012).
Higher royalties may initially appear to be good for land-
owners but the benefits stop there. Outside organizations
can pay high royalties because they provide little employ-
ment or training to local people, and their contribution to
the local economy is limited; staff, equipment and fuel are
mostly sourced outside the local economy. However, the
Bawinanga Aboriginal Corporation sources all of these
from within the community. Furthermore, with outside in-
terests taking control of harvests, the community may lose
local ownership of the enterprise and management of wild-
life resources. Governments are actively encouraging em-
ployment in remote Indigenous communities (NTG, 2009;
Closing the Gap: Prime Minister’s Report, 2013). Royalties
(often termed sit-down money) provide a disincentive for
people to participate in the workforce (Pearson, 1999) and
can threaten opportunities for Indigenous employment in
regions where few such opportunities exist (Altman, 2000).
Royalty payments have become a contentious issue in
Maningrida, to the extent that egg harvesting did not take
place in 2007-2008 (Table 1; Figs 3a,b & 4) because a mora-
torium was placed on egg harvesting by the Northern Land
Council. Landowners could not reach a consensus regarding
which of three proponents (one of which was the Bawinanga
Aboriginal Corporation) would be granted access to croco-
dile egg resources for commercial purposes. When access
was granted the following year, the allocation for the region
was divided between the three proponents, and the
Corporation (the only local and Indigenous one involved)
had its harvest areas and quota reduced. The increased com-
petition for egg resources drove the royalty price up (Table 1;
Fig. 4), making it harder for the Corporation to compete.
During these years the business was paying 50% of income
as royalties (Table 1; Fig. 4), which prevented it from oper-
ating in a financially viable manner. This position (i.e. in-
creased royalties to landowners through increased
competition between proponents) was promoted by the
Northern Land Council officers responsible for facilitating
Land Use Agreement negotiations, despite it threatening
the viability of an Indigenous-owned and operated enter-
prise. Whether this is an official policy position that the
Council has adopted, or these individuals’ interpretation
of their mandate under section 19 of the Aboriginal Land
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Rights (Northern Territory) Act 1976, is unclear. Either
way, the Northern Land Council must revise its role and
adopt a more balanced local approach that aims to sustain
remote businesses that provide local Indigenous employ-
ment as well as other less tangible but equally important
capacity-building and self-determination outcomes.

Since its inception in the 1990s the market chain con-
necting saltwater crocodile eggs in Maningrida to markets
for luxury leather items has changed significantly. Both
the markets and the supply chains have matured and now re-
quire large volumes of skins to be delivered reliably in line
with contractual obligations. Commercial operations that
buy eggs and hatchlings from the Bawinanga Aboriginal
Corporation can no longer afford to base their businesses
on a supply of eggs and hatchlings that is highly variable
from year to year (Fig. 3). Hence it is understandable why out-
side operators have taken an active interest in exercising more
control over harvests in remote areas, and prefer to conduct
their own harvests rather than partner with local businesses.
Furthermore, as prices for eggs are driven up by market de-
mand, it is becoming increasingly feasible for crocodile farms
to conduct captive-breeding programmes, thus reducing the
need for wild-harvested products. This could undermine in-
centives for conservation of wild crocodiles and their habitats,
and any benefits to Indigenous communities.

The lesson for the Bawinanga Aboriginal Corporation,
and other similar remote Indigenous businesses, is that to
sustain and build the enterprise it must find ways to be a
more efficient and dependable supplier, working with rather
than in competition with other providers whenever possible,
while increasing the benefits local people gain through
broader involvement with the industry. Working more
closely with the crocodile farming industry could be mutu-
ally beneficial, as products derived from programmes that
directly benefit Indigenous communities and livelihoods
have a special place in the corporate social responsibility
platforms of an increasing number of high-end fashion
industries.

Conclusion

The crocodile egg harvesting enterprise in Maningrida
is successful relative to many other Indigenous wildlife-
based enterprises in Australia (Dale, 1996). It is the only
Indigenous-owned and managed harvest in what is largely
a non-indigenous dominated industry. Despite this, it has
not reached its full potential. The enterprise was not initially
profit driven, but rather socially driven. However, it was at
that time matched to the embryonic crocodile industry,
which itself was only marginally profitable. The highly com-
petitive nature of the crocodile farming industry today has
forced farms and other egg harvesters to refine collection
and incubation methods to increase productivity and profit
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margins, hence Indigenous egg harvesters will need to be
more efficient, or risk being side-lined by non-indigenous
harvesters. The Bawinanga Aboriginal Corporation has de-
monstrated both the capacity and intent to achieve this.

Staff training, to ensure capacity is built and maintained,
will increase incubation success rates. Programmes that
protect nesting habitat from feral animals will benefit both
people and conservation. If participation in the broader
mainstream economy is a major government priority for re-
mote communities, then less emphasis needs to be placed on
royalties, and more on ensuring Indigenous employment,
training and capacity building within the industry.
Likewise, the Northern Land Council needs to reduce the
bureaucracy for wildlife harvesting enterprises, and give
harvesters sufficient freedom to pursue innovative and po-
tentially viable livelihood options (Cooney & Edwards,
2009). Commercial harvests of crocodile eggs can continue
to be sustainable, while providing both conservation bene-
fits and economic opportunities for Indigenous people in
remote northern Australia, provided harvests are managed,
marketed and supported appropriately.

Acknowledgements

Many people from the Bawinanga Aboriginal Corporation
and Wildlife Management International contributed to the
collection of the data presented in this case study, and
supported egg harvests in Maningrida; in particular,
I. Munro, V. Rostron, M. Ryan, R. Hall, G. Enever,
S. Ansell, J. Adjerral (deceased), C. Godjuwa (deceased),
D. Yirbarbuk, O. Campion, D. Bond, P. Cooke, B. Ottley
and M. Brien. We thank C. Eisemberg, S. Reynolds,
R. Cooney and an anonymous reviewer for comments that
improved this article.

Author contributions

BC, AF, BJA and GJW conceived the study; BC, SCM, DN,
YF and KS compiled the harvest data, and BC carried out the
analyses. All authors contributed to writing the article.

References

ALTMAN, J.C. (2000) The economic status of Indigenous Australians.
CAEPR Discussion Paper No. 193/2000. Centre for Aboriginal
Economic Policy Research, Australian National University,
Canberra, Australia.

ALTMAN, J.C., BUCHANAN, G. & LARSEN, L. (2007) The
environmental significance of the Indigenous estate: natural
resource management as economic development. CAEPR
Discussion Paper No. 286/2007. Centre for Aboriginal Economic
Policy Research, Australian National University, Canberra,
Australia.

ALTMAN, J.C. & COCHRANE, M. (2005) Sustainable development in
the Indigenous owned savanna: innovative institutional design for
cooperative wildlife management. Wildlife Research, 32, 473-480.

ANSELL, S. & KOENIG, J. (2011) CyberTracker: an integral management
tool used by rangers in the Djelk Indigenous Protected Area, central
Arnhem Land, Australia. Ecological Management and Restoration,
12, 13-25.

AvusTiN, B.J. & Corey, B. (2012) Factors contributing to the longevity
of the commercial use of crocodiles by Indigenous people in
remote northern Australia: a case study. The Rangeland Journal, 34,
239-248.

AUsTIN, B.J. & GARNETT, S.T. (2011) Indigenous wildlife enterprise:
mustering swamp buffalo (Bubalus bubalis) in Northern Australia.
Journal of Enterprising Communities: People and Places in the Global
Economy, 5, 309-323.

BiDDLE, N, TAYLOR, J. & YAP, M. (2008) Indigenous participation in
regional labour markets, 2001-06. CAEPR Discussion Paper No.
288/2008. Centre for Aboriginal Economic Policy Research,
Australian National University, Canberra, Australia.

Brook, B.W., Bowman, D.M.].S.,, BRapsHaw, C.J.A., CAMPBELL, B.M.
& WHITEHEAD, P.J. (2006) Managing an endangered Asian bovid in
an Australian national park: the role and limitations of ecological-
economic models in decision-making. Environmental Management,
38, 463-469.

Buraess, C.P., JounstoN, F.H., BErry, H.L., McDONNELL, J.,
Y1BARBUK, D., GUNABARRA, C. et al. (2009) Healthy country,
healthy people: the relationship between Indigenous health status
and “caring for country”. Medical Journal of Australia, 190, 567-572.

CHILD, B. (1996) The practice and principles of community-based
wildlife management in Zimbabwe: the CAMPFIRE programme.
Biodiversity and Conservation, 5, 369-398.

CITES (2017) The CITES Appendices. Http://www.cites.org/eng/app/
index.shtml [accessed 15 February 2017].

CLOSING THE GAP: PRIME MINISTER’S REPORT (2013) Https://www.
dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-report_
fa1.pdf [accessed January 2017].

CONVENTION ON BrorogicaL DIVERsITY (2004) Addis Ababa
Principles and Guidelines for Sustainable Use of Wild Living
Resources. Secretariat of the Convention on Biological Diversity,
Montreal, Canada.

CooNEY, R. (2008) Commercial and sustainable use of wildlife:
suggestions to improve conservation, land management and rural
economies. Publication No. 08/199. Rural Industries Research and
Development Corporation, Canberra, Australia.

CooNEy, R. & EDwWARDS, M. (2009) Indigenous Wildlife Enterprise
Development: The Regulation and Policy Context and Challenges.
Report to North Australian Indigenous Land and Sea Management
Alliance, Darwin, Australia.

COONEY, R., KASTERINE, A., MACMILLAN, D., MILLEDGE, S.,
NossaL, K., Rog, D. & ‘T SAs-ROLFES, M. (2015) The Trade in
Wildlife: A Framework to Improve Biodiversity and Livelihood
Outcomes. International Trade Centre, Geneva, Switzerland.

DALE, A. (1996) Community-based planning in establishing wildlife
projects. In Sustainable Use of Wildlife by Aboriginal Peoples and
Torres Strait Islanders (eds M. Bomford & J. Caughley), pp. 110-125.
Australian Government Publishing Service, Canberra, Australia.

Davies, J., HiccinsorToM, K, Noack, D., Ross, H. & Young, E.
(1999) Sustaining Eden: Indigenous Community Wildlife
Management in Australia. Evaluating Eden Series, Volume
1. International Institute for Environment and Development,
London, UK.

Davigs, J., HiLr, R, WaLsH, E.J., SANDFORD, M., SMYTH, D. &
Ho1MmEs, M.C. (2013) Innovation in management plans for

Oryx, 2018, 52(4), 697-708 © 2017 Fauna & Flora International  doi:10.1017/50030605317000217

https://doi.org/10.1017/50030605317000217 Published online by Cambridge University Press


http://www.cites.org/eng/app/index.shtml
http://www.cites.org/eng/app/index.shtml
http://www.cites.org/eng/app/index.shtml
https://www.dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-report_fa1.pdf
https://www.dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-report_fa1.pdf
https://www.dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-report_fa1.pdf
https://www.dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-report_fa1.pdf
https://www.dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-report_fa1.pdf
https://www.dss.gov.au/sites/default/files/documents/02_2013/00313-ctg-report_fa1.pdf
https://doi.org/10.1017/S0030605317000217

community conserved areas: experiences from Australian
Indigenous Protected Areas. Ecology and Society, 18, 14.

DoB (DEPARTMENT OF BUSINESS) (2015) Northern Territory
Crocodile Farming Industry: Strategic Plan 2015-21. Northern
Territory Department of Business, Darwin, Australia.

E1sEMBERG, C.C,, RosE, M., YARU, B. & GEORGES, A. (2011)
Demonstrating decline of an iconic species under sustained
indigenous harvest—the pig-nosed turtle (Carettochelys insculpta)
in Papua New Guinea. Biological Conservation, 144, 2282-2288.

ForDHAM, A, FoGARTY, W. & FORDHAM, D. (2010) The viability of
wildlife enterprises in remote Indigenous communities of Australia:
a case study. CAEPR Working Paper No. 63/2010. Centre for
Aboriginal Economic Policy Research, Australian National
University, Canberra, Australia.

ForDpHAM, D.A., GEORGES, A. & BrROOK, B.W. (2008) Indigenous
harvest, exotic pig predation and local persistence of a long-lived
vertebrate: managing a tropical freshwater turtle for sustainability
and conservation. Journal of Applied Ecology, 45, 52-62.

ForpHAM, D.A., GEORGES, A. & COREY, B. (2007) Optimal conditions
for egg storage, incubation and post-hatching growth for the
freshwater turtle, Chelodina rugosa: science in support of an
indigenous enterprise. Aquaculture, 270, 105-114.

ForbpHAM, D., GEORGES, A., COREY, B. & BROOK, B. (2006) Feral pig
predation threatens the indigenous harvest and local persistence of
snake-necked turtles in northern Australia. Biological Conservation,
133, 379-388.

Fukupa, Y., Manotis, C. & AppeL, K. (2014) Management of
human-crocodile conflict in the Northern Territory, Australia:
review of crocodile attacks and removal of problem crocodiles. The
Journal of Wildlife Management, 78, 1239-1249.

Fukupa, Y., WEBB, G., ManoLis, C.,, DELANEY, R,, LETNIC, M.,
LINDNER, G. & WHITEHEAD, P. (2011) Recovery of saltwater
crocodiles following unregulated hunting in tidal rivers of the
Northern Territory, Australia. The Journal of Wildlife Management,
75, 1253-1266.

GARNETT, S.T., SITHOLE, B. & WHITEHEAD, P.J., BURGESs, C.P,,
JounsToN, FH. & LEa, T. (2009) Healthy country, healthy people:
policy implications of links between indigenous human health and
environmental condition in tropical Australia. Australian Journal of
Public Administration, 68, 53-66.

GoRrDON, I. & AviEMBA, W. (2003) Harnessing butterfly
biodiversity for improving livelihoods and forest conservation: the
Kipepeo Project. The Journal of Environment and Development, 12,
82-98.

GORMAN, J. & VEMURI, S. (2012) Social implications of bridging the
gap through ‘caring for country’ in remote Indigenous communities
of the Northern Territory, Australia. The Rangeland Journal, 34,
63-73.

GORMAN, J.T., WHITEHEAD, P.J., GRIFFITHS, A.D. & PETHERAM, L.
(2008a) Production from marginal lands: indigenous commercial
use of wild animals in Northern Australia. International Journal of
Sustainable Development and World Ecology, 15, 240-250.

GORMAN, J.T., PEARSON, D. & WHITEHEAD, P. (2008b) Assisting
Australian indigenous resource management and sustainable
utilization of species through the use of GIS and environmental
modelling techniques. Journal of Environmental Management, 86,
104-113.

HuTtTtoN, .M. & LEADER-WILLIAMS, N. (2003) Sustainable use and
incentive-driven conservation: realigning human and conservation
interests. Oryx, 37, 215-226.

ISBERG, S., SHILTON, C. & THOMSON, P. (2009) Improving Australia’s
crocodile industry productivity — understanding runtism and
survival. Publication No. 09/135. Rural Industries Research and
Development Corporation, Canberra, Australia.

Harvesting saltwater crocodile eggs

IUCN (2004) Implementing the Addis Ababa Principles and
Guidelines for the Sustainable Use of Biodiversity. WCC3 Res3.074.
IUCN, Gland, Switzerland.

KOENIG, J., ALTMAN, J.C. & GRIFFITHS, A.D. (2011) Artists as
harvesters: natural resource use by Indigenous woodcarvers in
central Arnhem Land, Australia. Human Ecology, 39, 407-419.

LeacH, G.J.,, DELANEY, R. & FukuDa, Y. (2009) Management
Program for the Saltwater Crocodile in the Northern Territory
of Australia: 2009-2014. Northern Territory Department of Natural
Resources, Environment, the Arts and Sport, Darwin, Australia.

LICHTENSTEIN, G. (2010) Vicuila conservation and poverty
alleviation? Andean communities and international fibre markets.
International Journal of the Commons, 4, 100-121.

LiNDsEY, P.A.,, HavEmann, C.P,, LiNEs, R M., Pricg, A.E., RETIEF,
T.A., RHEBERGEN, T. et al. (2013) Benefits of wildlife-based land uses
on private lands in Namibia and limitations affecting their
development. Oryx, 47, 41-53.

MARU, Y.T. & Davies, J. (2011) Supporting cross-cultural brokers is
essential for employment among Aboriginal people in remote
Australia. The Rangeland Journal, 33, 327-338.

McRAE-WiLLIAMS, E. & GERRITSEN, R. (2010) Mutual
incomprehension: the cross-cultural domain of work in a remote
Australian Aboriginal community. International Indigenous Policy
Journal, 1, 2.

MESSEL, H., VORLICEK, G.C., WELLS, A.G. & GREEN, W.]. (1981)
Surveys of Tidal River Systems in the Northern Territory of Australia
and their Crocodile Populations. Monograph 1. The Blyth-Cadell Rivers
System Study and the Status of Crocodylus porosus in Tidal Waterways
of Northern Australia. Pergammon Press, Sydney, Australia.

NLC (NorTHERN LAND Councit) (2011) Northern Land Council
Annual Report: 2010-2011. Northern Land Council, Darwin, Australia.

NTG (NorTHERN TERRITORY GOVERNMENT) (2009) Maningrida
Study. Department of Regional Development, Primary Industries,
Fisheries and Resources, Darwin, Australia.

PeARSON, N. (1999) Positive and negative welfare and Australia’s
Indigenous communities. Family Matters, 54, 30-35.

RoBINSON, J.G. & BENNETT, E.L. (2002) Will alleviating poverty solve
the bushmeat crisis? Oryx, 36, 332.

RUSSELL-SMITH, J., Cook, G.D., CookE, P.M., EDwARDS, A.C.,
LENDRUM, M., MEYER, C.P. & WHITEHEAD, P.J. (2013) Managing
fire regimes in north Australian savannas: applying Aboriginal
approaches to contemporary global problems. Frontiers in Ecology
and the Environment, 11, €55-€63.

SAALFELD, K. (2014) Feral Buffalo (Bubalus bubalis): Distribution and
Abundance in Arnhem Land, Northern Territory. Department of
Land Resource Management, Darwin, Australia.

Sopwui, N.S., Kon, L.P., BRook, BW. & NG, P.K.L. (2004) Southeast
Asian biodiversity: an impending disaster. Trends in Ecology and
Evolution, 19, 654-660.

TAYLOR, J. (2003) Indigenous economic futures in the Northern
Territory: the demographic and socioeconomic background. CAEPR
Discussion Paper 246/2003. Centre for Aboriginal Economic Policy
Research, Australian National University, Canberra, Australia.

WEBB, G.J.W. (2002) Conservation and sustainable use of wildlife — an
evolving concept. Pacific Conservation Biology, 8, 12-26.

WEBB, G.J.W. & ManoLis, S.C. (1992) Monitoring saltwater
crocodiles (Crocodylus porosus) in the Northern Territory of
Australia. In Wildlife 2001: Populations (eds D.R. McCullough & R.
H. Barrett), pp. 404-418. Elsevier Applied Science, New York, USA.

WEeBB, G.J.W., ManoLis, S.C., DEMPseY, K.E. & WHITEHEAD, P.J.
(1987) Crocodilian eggs: a functional overview. In Wildlife
Management: Crocodiles and Alligators (eds G.J.W. Webb, S.

C. Manolis & P.J. Whitehead), pp. 417-422. Surrey Beatty & Sons,
Sydney, Australia.

Oryx, 2018, 52(4), 697-708 © 2017 Fauna & Flora International ~ doi:10.1017/50030605317000217

https://doi.org/10.1017/50030605317000217 Published online by Cambridge University Press

707


https://doi.org/10.1017/S0030605317000217

708

B. Corey et al.

WEBB, G.J.W., MEsSEL, H. & MaGNUssoN, W.E. (1977) The nesting
biology of Crocodylus porosus in Arnhem Land, northern Australia.
Copeia, 1977, 238-249.

WEBB, G., Mi1ssi, C. & CLEARY, M. (1996) Sustainable use of crocodiles
by Aboriginal people in the Northern Territory. In Sustainable Use
of Wildlife by Aboriginal Peoples and Torres Strait Islanders (eds
M. Bomford & J. Caughley), pp. 176-185. Australian Government
Publishing Service, Canberra, Australia.

WiLsoN, G.R,, EDwarDs, M.J. & Smirs, J.K. (2010) Support for
Indigenous wildlife management in Australia to enable sustainable
use. Wildlife Research, 37, 255-263.

Biographical sketches

BeN CoRrEeY has lived and worked with Aboriginal people in Arnhem
Land, on wildlife and land management projects. He currently works

on conservation and management of threatened species. GRAHAME
WEBB has been involved in the conservation, management and sus-
tainable use of crocodilians for over 40 years. CHARLIE MANOLIS
has expertise in the ecology, physiology, zoology and management of
crocodiles. ADR1AN FORDHAM was a Visiting Fellow at the Centre for
Aboriginal Economic Policy Research, Australian National University,
during this study, specializing in the development, implementation
and evaluation of education, training and employment programmes
for Indigenous peoples in remote regions. BEAU AUSTIN is
working on measures of effectiveness in Indigenous land and sea man-
agement. YUSUKE FukuDa’s work focuses on wild populations of cro-
codiles in Australia. DomiNic NicuoLrLs is the Chief Executive
Officer of the Mimal Land Management Aboriginal Corporation,
and was previously the manager of the Bawinanga Aboriginal
Corporation Djelk Rangers in Maningrida. KE1TH SAALFELD works
on the conservation of saltwater crocodiles and other wildlife manage-
ment programmes.

Oryx, 2018, 52(4), 697-708 © 2017 Fauna & Flora International  doi:10.1017/50030605317000217

https://doi.org/10.1017/50030605317000217 Published online by Cambridge University Press


https://doi.org/10.1017/S0030605317000217

	Commercial harvests of saltwater crocodile Crocodylus porosus eggs by Indigenous people in northern Australia: lessons for long-term viability and management
	Abstract
	Introduction
	Case study
	Saltwater crocodiles
	Harvest programme
	Regulatory context
	Northern Land Council
	Northern Territory Parks and Wildlife

	Maningrida
	Egg location, collection, incubation and royalty payments
	Compilation of harvest records, income and operational costs

	Results
	Egg harvests
	Egg incubation
	Income and royalties
	Operational costs and economic viability

	Discussion
	Egg harvests
	Egg incubation
	Income, royalties, operational costs and economic viability
	Underutilization of quotas
	Constraints on enterprise development and challenges for the future
	Conclusion

	Acknowledgements
	Author contributions
	References


