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Abstract

Itis argued that trophy hunting of large, charismatic mammal species can have consider-
able conservation benefits but only if undertaken sustainably. Social-ecological theory sug-
gests such sustainability only results from developing governance systems that balance
financial and biological requirements. Here we use lion (Panthera leo) trophy hunting data
from Tanzania to investigate how resource ownership patterns influence hunting revenue
and offtake levels. Tanzania contains up to half of the global population of free-ranging lions
and is also the main location for lion trophy hunting in Africa. However, there are concerns
that current hunting levels are unsustainable. The lion hunting industry in Tanzania is run by
the private sector, although the government leases each hunting block to companies,
enforces hunting regulation, and allocates them a species-specific annual quota per block.
The length of these leases varies and theories surrounding property rights and tenure sug-
gest hunting levels would be less sustainable in blocks experiencing a high turnover of
short-termleases. We explored this issue using lion data collected from 1996 to 2008 in the
Selous Game Reserve (SGR), the most importanttrophy hunting destination in Tanzania.
We found that blocks in SGR with the highest lion hunting offtake were also those that expe-
rienced the steepest declines in trophy offtake. In addition, we found this high hunting off-
take and the resultant offtake decline tended to be in blocks under short-termtenure. In
contrast, lion hunting levels in blocks under long-term tenure matched more closely the rec-
ommended sustainable offtake of 0.92 lions per 1000 km?. However, annual financial
returns were higher from blocks under short-termtenure, providing $133 per km? of govern-
ment revenue as compared to $62 per km? from long-term tenure blocks. Our results pro-
vide evidence for the importance of property rights in conservation, and support calls for an
overhaul of the system in Tanzania by developing competitive market-based approaches
for block allocation based on long-term tenure of ten years.
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Introduction

Biodiversity conservation outcomes are closely related to the rules and institutions that govern
the use of natural resources [1-3]. Since the 20" century, statutory protected areas have been a
cornerstone of biodiversity conservation strategies for most countries [4-6]. However, operat-
ing budgets for these protected areas in developing countries cover an average of 30% of their
costs [7] and society seems reluctant to cover the shortfall of conserving biodiversity [8-11].
Thus, there is an increasing recognition of the role of the private sector in funding and manag-
ing conservation [12-14].

In southern and eastern Africa, a prime example of the private sector playing this role
comes from the organised hunting of wild animals by tourists for sport or trophies [15-18].
Areas set aside for the hunting of big game animals protect habitats that might otherwise be
converted to agriculture [19], protect populations of large mammals [20,21], and can benefit
local people [22,23]. However, exploitation of a species always has the potential to reduce pop-
ulations to levels where hunting is no longer profitable, or in extreme cases cause population
extinctions [4,24-26], and legal hunting can have unintended knock on effects by encouraging
illegal hunting [27]. This means that trophy hunting systems need to be developed with care,
so they encourage the sustainable use of the target species [28]. One key aspect is providing
secure resource tenure [29-31] and so conservationists are increasingly concerned with gover-
nance dynamics and the need for institutional reform [32-35].

These issues of ownership and tenure are especially relevant for Tanzania, a country that is
hugely important for wildlife conservation and a prime destination for trophy hunters [18,36].
The Tanzanian government has long recognised the global importance of its biodiversity and
has given protected area status to 37% of the country’s land surface [25]. Trophy hunting is
permitted in all protected areas in Tanzania, apart from the National Parks and the Ngoron-
goro Conservation Area. Therefore, hunting occurs on some 305,000 km?, or some 86% of pro-
tected land. Tanzania is recognised for its high quality trophy hunting opportunities [37] and
this remains a principal source of income for vast areas of the country [38]. Moreover, the
hunting industry has demonstrated an impressive growth in recent years and is an important
source of foreign exchange [18,39].

Nonetheless, a review of protected area tenure arrangements in Tanzania noted that all land
is ultimately owned by the state, and may only be leased by companies/individuals for set periods
of time, no longer than 99 years [40]. Hunting companies lease one or several hunting blocks,
which are segments of land designated as a Game Reserve, Game Control Area, Wildlife Manage-
ment Area, or Open Area (see Fig 1), and the company is allocated a species-specific quota for
each block for the hunting season [41]. A portion of this quota is then offered to clients by the
hunting company, who stay at hunting camps for 1, 2 or 3 week periods depending on species
the client wishes to hunt. Clients wishing to hunt lion are required to purchase a 21-day safari.
Clients may fly between different hunting blocks leased by the same company in order to hunt
different species only found in certain areas. This means that the Tanzanian government has a
lot of control over where and for how long different trophy hunting companies are allowed to
operate, as well as the number of animals that can be hunted by tourists. Thus, their policies and
actions could have a large influence on the ecological and financial sustainability of the industry.

Despite the influence of a national policy on the sustainability of trophy hunting in Tanza-
nia and its major conservation role, very little information is available on the industry and
many aspects are shrouded in secrecy [16,18]. In particular, many of the concessions are leased
to local companies that do not have the capacity to market their hunting opportunities, which
leads to a system of subleasing, mostly to foreign non-resident professional hunters. This has
implications for revenue collection because these hunting opportunities are often cheaply
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subleased and much of the generated income never enters Tanzania, and so cannot be taxed by
the Tanzania Revenue Authority [38]. Furthermore, the blocks are sub-leased for short periods,
which may encourage their over-utilization. Such over-utilization is a particular concern for
lion conservation in Tanzania, as the country supports between a quarter and half of the
remaining free-ranging lions in the world [25,42]. In addition, Tanzania is the most important
destination for sport hunting of lions, exporting an average of 243 wild lion trophies per year
between 1996 and 2006, compared to 96/yr from Zimbabwe, and 55/yr from Zambia, while no
other country exported more than 20/yr [43].

One of the most important sites for lion trophy hunting is the Selous Game Reserve (SGR),
a World Heritage Site in the south east of Tanzania. SGR has developed a considerable reputa-
tion as a tourist hunting destination [44] and contains an internationally important lion popu-
lation [45]. Lion populations are declining in most of their range across Africa [42,46,47] and
trophy hunting has been shown to be in need of reform [18,25]. Therefore, here we use data
from SGR to investigate the factors that determine lion trophy hunting sustainability. We
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investigate the extent to which lion hunting offtake influences offtake over time and resultant
government revenue. We also look at the differences in lion hunting offtake and government
revenue between hunting blocks with short-term and long-term leases.

Material and Methods

We are grateful for permission and constructive advice from the Tanzania Wildlife Research
Institute (TAWIRI), Commission for Science and Technology (COSTECH) and the Wildlife
Division (WD) of the Ministry of Natural Resources and Tourism to carry out research in
Selous Game Reserve.

Study Area

The Selous ecosystem is an area of 96,643 km” and contains 64 hunting blocks. Of these, 43
blocks are within SGR, seven are in areas surrounding SGR and have been hunted since the
1990s, while another 14 have more recently been designated and have only been hunted since
2002 [41]. The Selous ecosystem also contains conservation land where trophy hunting does
not take place (National Parks), including four blocks within SGR that are set aside for photo-
graphic tourism (Fig 1). For management purposes SGR is divided into eight sectors (Fig 2),
which we use when reporting some of the results.

SGR is surrounded by a network of different protected areas, namely: National Parks, Game
Control Areas, and Open Areas and Wildlife Management Areas (Fig 1). The distinction
between hunting blocks on Game Control Areas, Wildlife Management Areas and Open Areas
is not clear cut, as all allow for human settlement and wildlife to coexist, and hunting is only
permitted under licence. Instead, they reflect when the blocks were established in relation to
different phases of development in national wildlife policies. Game Control Areas are the old-
est, and most were set-up prior to the early 1990s. The Wildlife Management Areas reflect Tan-
zania’s attempt to introduce community-based management of wildlife in the late 1990s, with
the idea that control of and benefits from wildlife would be decentralised to communities living
in the area. The re-designation of some Wildlife Management Areas as Open Areas and the
designation of new hunting blocks in 2004/5 as Open Areas reflect both the central govern-
ment’s move away from devolving power to local communities and the preference of hunting
companies to deal with one central authority [34]. Fees paid by the hunting companies to the
government or local communities are used to provide law enforcement and infrastructure
development. Nonetheless most hunting companies also privately maintain infrastructure (e.g.
roads) and carry out anti-poaching activities within their blocks.

Block Boundary Data

We obtained the digital boundary polygons files of the SGR blocks from the Tanzania Wildlife
Research Institute and the Selous Conservation Project, which was funded by the Organization
for German Technical Cooperation (GTZ). The Selous Conservation Project data were from
2003, while the Tanzania Wildlife Research Institute data were more up-to-date and showed
boundaries from 2009. We conducted field visits from June 2006 to August 2009 to the differ-
ent sectors of SGR to investigate the accuracy of these layers and updated them as necessary.
All spatial data were imported into ArcGIS version 9.3 (ESRI Inc., Redlands, CA) for analysis.

Block Tenure and Hunting Fees

We obtained information on which companies leased which block, and on hunting fees, from
the Wildlife Division of Tanzania’s Ministry of Natural Resources and Tourism. Information
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on who owned a specific company, and for how long, including information on subleasing, was
acquired from informants within the hunting industry. We acquired data for the average gov-
ernment income per block and the source of these payments (e.g. block fees or trophy fees)
from the Selous Conservation Project (listed in [38]). These data on income were only available
for blocks within SGR and from 1996 to 2003. We defined long-term blocks as those that were
leased by the same owner and company for at least 10 years, although most of these blocks
have been in the same hands since the early 1990s (>15 years). In contrast short-term blocks
have changed leasers at least once in the 10-year period, with most having changed hands sev-
eral times in this period or having been subleased to several non-resident professional hunters.

Lion Hunting Offtake Data

Data on number of lions killed in each hunting block of SGR were provided by the CITES oftfice
at the Wildlife Division Headquarters. In Tanzania, only male lions may be hunted. This hunt-
ing offtake data were much more complete within SGR, as compared to the rest of Tanzania,
due to the activities of conservation development projects (Planning and Assessment for Wild-
life Management & Selous Conservation Project [35,36,39]). We also collected background
information on lion mortality trends through one-to-one discussions with sector wardens,
company owners, and professional hunters. We did not use data on lion population trends
because, while these data have been calculated for the photographic tourism area of SGR [45],
they are not available for Tanzania’s hunting blocks. However, previous researchers have sug-
gested that hunting offtake data are a proxy for this population data, principally because hunt-
ing companies put a large amount of effort into finding lion trophies, and so any changes in
the underlying population are reflected in the number of lions hunted [25,43].

Data Analysis

We carried out data exploration and analysis using SPSS (version 23.0, IBM SPSS Inc) and Arc-
GIS. To measure hunting offtake per block, we calculated the mean annual lion offtake per
block per 1000 km? from 1996-2008. We calculated for 64 blocks the change in the annual lion
hunting offtake by using linear regression analysis to model changes over time using data on
the number of lions hunted per year between 1996 and 2008. We then used linear regression to
investigate whether annual rate of change in hunting offtake was influenced by annual lion
hunting offtake for the 43 blocks within SGR, having log-transformed the hunting offtake met-
ric to meet the assumptions of the test. At the sector management level, we used Kruskal-Wallis
tests to see if there were any differences per sector in government income, hunting offtake, or
proportional rate of change in hunting. We also used a Spearman’s rank test to measure the
correlation between government income per km” per block and annual rate of change in lion
hunting offtake. We used Mann-Whitney U tests to investigate differences between 26 long-
term blocks and 17 short-term blocks in terms of hunting offtake, annual change in lion offtake
and government revenue. We did not include data from one hunting block, K5, for the analyses
of lion hunting offtake, as the lessee banned the hunting of lions in the block from 2002
onwards. We did use data from K5 in the analysis of income per SGR sector, as the lessee con-
tinued to hunt other species during the study period.

Results
Block Tenure

Twenty hunting companies were listed as leasing blocks in SGR between 1995 and 2009.
Twenty-six blocks were under long-term tenure and 17 blocks were under short-term tenure.
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Data on government income per block was only available for blocks within SGR and from
1996 to 2003 (listed in [38]). During this period government income from hunting activities
was dependent on six different fees. The two key fees are the trophy fee, which is the amount
paid when a targeted animal is killed, and the block fee, which is the fee paid annually by a
company to lease a block. From 1996 to 2003, government income was heavily reliant on tro-
phy fees (accounting for 59% of government income from hunting). The lion trophy fees
accounted for almost ten percent of the overall wildlife trophy fees. Block leases in 2003 were
only $7500 per block, regardless of size, and therefore only accounted for 11% of the govern-
ment income from hunting. Block fees increased to $12,000 in 2006, and then $27,000 in 2008,
and up to $60,000 in 2011.

Lion Hunting Offtake and Hunting Trends

Lion hunting offtake (number of lions shot per 1000 km” per annum) was higher in blocks
inside than outside SGR (mean inside 1.8 + 1.2; mean outside 1.1 + 0.8). Offtake was especially
high in the north western part of SGR, within the Msolwa, Ilonga and Matambwe sectors
(Table 1). The annual change in lion hunting offtake was negatively related to the log;, number
of lions shot per 1000 km? per block (N = 42, R* = 0.317, p < 0.001; Figs 3 and 4, and Table 1),
with the model predicting that offtake is sustainable (i.e. where annual change is 0 or above)
when hunting is < 0.92 lions per 1000 km?.

Sectors within SGR and Government Income from Trophy Hunting

There was a difference in the income per SGR sector (N = 43, H = 27.40, 7 d.f., p < 0.001), pro-
portional annual change in lion offtake per sector (N = 43, H = 14.80, 7 d.f.,, p = 0.039), and
hunting offtake per sector (N = 43, H = 14.97, 7 d.f., p = 0.036). The sectors with the highest
lion hunting offtake experienced the steepest declines in hunting offtake from 1996-2008, but
provided the government with the greatest income per km? from 1996 to 2003 (Table 1). Gov-
ernment income per km” per block of SGR was negatively correlated with the annual rate of
change in lion hunting offtake (N = 43, r, = -0.62, p < 0.001). That is, blocks with the greatest
reduction in lion offtake from 1996-2008 generated the highest amount of government income
per km® per annum from 1996-2003.

Table 1. Data on lion hunting offtake per 1000km?, change in hunting offtake, and government income per km? from within Selous Game Reserve
by sector.

Sector No. of Hunting Total Area of Sector | Average Lion Hunting |Annual Change in Hunting Average Government Income
Blocks (km?) Offtake Offtake (%) (US$)
llonga 10 7521 2.25+1.48 -6% 130.16 £ 82.50
Kalulu 3 4989 0.86+0.19 0% 26.57+£1.36
Kingupira 7 9345 1.82+0.97 0% 65.08 +20.42
Likuyu 4 5025 1.36+£0.72 6% 44.85+22.76
Seka
Liwale 4 4716 0.67 £0.28 3% 35.30+17.32
Matambwe 3 1738 2.22+1.53 -7% 134.09 + 33.95
Miguruwe 3 6124 0.86+0.43 1% 34.73+13.56
Msolwa 9 4642 2.38+1.14 -18% 135.27 £51.59
Total 43 44100 1.55+£0.70 - 75.75 +48.86

Mean lion hunting offtake (+ standard deviation) from 1996 to 2008, annual rate of change (%) in hunting from 1996 to 2008, and mean government income
per km? from 1996 to 2003 (z standard deviation). See Tables A & B in S1 File for the above data on a block by block basis.

doi:10.1371/journal.pone.0162610.t001
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Block Tenure: Long-Term Versus Short-Term

Long-term blocks had a lower hunting offtake (long-term mean 1.41 + 0.09 and short-term
mean 2.33 + 1.38; N =42, Z = -2.371, p = 0.018; Figs 4 and 5A) and annual change in lion off-
take (long-term mean -0.80 + 10.99% and short-term mean -10.76 + 13.36%; N =42, Z =
-2.989, p = 0.003; Figs 4 and 5B). Long-term blocks also provided the government with less
revenue (long-term mean per km” was $62.20 + 41.66; short-term mean per km” was

$133.17 £ 71.20; N =43, Z = -3.577, p < 0.001).

Discussion

Length of tenure has important implications for the sustainability of natural resource utiliza-
tion. Managers of areas under long-term tenure are more likely to maintain the long view and
husband their resources [29,48,49]. By contrast, the highest offtakes of hunted lion, and the
highest levels of income for the government, were recorded in blocks under short-term tenure.
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However, this short-termism is driving the over-hunting of lions, leading to declines in the lion
population in these hunting blocks. The following sections will discuss this issue in more detail,
ending with recommendations on reforming the system.

Lion Conservation and Trophy Hunting Trends

The primary threats to large felids across Africa are thought to be retaliatory killing and habitat
loss [42,50-52]. However, over-hunting is also a possible cause of concern, especially in felid
species like the lion where infanticide is common [41,53]. Within the Selous ecosystem but out-
side SGR, it is clear that decreases in lion populations have occurred as a result of conflict with
people [47,54]. However, only recently has enough evidence been gathered to suggest that tro-
phy hunting of lions is having a negative impact on populations [25,43,55,56]. Lion trophy
hunting specifically targets adult males and sport hunters are extremely efficient in locating
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their quarry. This has large impacts because the males that replace the hunted individuals in
the pride kill any cubs they have not fathered [25]. Recent research from Zambia suggests that
lion trophy hunting could be sustainable with a strategy that combines periods of recovery or
no hunting, a minimum age of at least seven years for trophy lions, and a quota of 0.5 lions per
1000km” [57]. Similarly, research from West Africa suggests a quota of 1 lion per 1000km’
would be sustainable [58].

In terms of lion trophy hunting in Tanzania, and in SGR in particular, hunting levels peaked
in the late 1990s and declined by up to 50% in the following decade [25,43]. The SGR blocks
with the highest lion harvests per 1000 km® showed the steepest declines in hunting (Figs 3 and
4). Trophy hunting since the late 1990s has had a negative impact on lion populations in SGR,
and research from across Tanzania suggests that the sustainable lion trophy hunting quota is
one lion per 1000km? for SGR and half that for the rest of the country [25]. However, to
achieve this balance in the future it is important to understand why lion trophy hunting in
some areas of SGR is unsustainable and what is driving this process.

Government Income per Block

In Tanzania, the government has relied on trophy fees to raise income from trophy hunting,
rather than raising revenue through block fees [59]. Government regulations also stipulate that
companies have to achieve 40% of their overall quota or face penalties [16,38]. Hunting compa-
nies have been happy with this system, as it is easier to pass trophy fee costs to clients than it is
to transfer costs like block fees. However, the trophy fees for lion are higher than for other ani-
mals ($4900/lion in 2009) and this creates pressure for setting higher quotas, as increasing the
number of lion on quota greatly increases government income. This leads to higher lion hunt-
ing offtakes and then declines in offtake. Thus, the blocks with the greatest declines in lion tro-
phy hunting from 1996-2008 were the same blocks that provided the government with the
most income per km? from 1996-2003.
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Length of tenure is closely associated with levels of income generated for the government.
Hunting blocks under short-term tenure (and in most cases subleased blocks) provided almost
twice the revenue per km” than the blocks that have been under long-term stewardship ($133
per km? short-term to $62 per km” long-term). The Msolwa, Ilonga and Matambwe sectors of
SGR are those where the most subleasing occurs, and they provided the most revenue per km?
to government from 1996-2003 (see Table 1). However, these are also the sectors with the
highest lion hunting offtake and the greatest declines in annual lion hunting offtake from
1996-2008. Furthermore, over-hunting can have impacts on neighbouring unhunted areas
[55], where the empty territories, caused through hunting, act as population sinks, drawing in
lions from neighbouring areas. This suggests the high revenue in the short-term blocks
depended in part on there being long-term blocks with better managed lion populations.

Block Tenure

Hunting companies that have retained the same hunting blocks over 20 years are thought to
take a long-term view of managing their hunting opportunities [60]. This relationship is clearly
highlighted by our lion trophy hunting data. That is, when compared to short-term blocks,
long-term hunting blocks experience a lower offtake of hunted lions and a smaller annual
change in lion offtake between 1996-2008 (Figs 4 & 5). Ideally, our analysis would have
included data on lion densities and hunting effort per hunting block, as this would have
allowed a more in-depth assessment of lion hunting sustainability. However, such data were
not available and so instead we used results from a previous Tanzania-wide study on lion hunt-
ing levels and population changes to assess the sustainability of hunting in SGR [25]. We found
that the lion hunting offtake in the long-term blocks in SGR matches the sustainable level of
one lion per 1000 km” recommended in the previous study. Moreover, our results support this
recommendation, as offtake has been relatively constant from 1996-2008. In contrast, hunting
offtake in the short-term blocks is almost double the recommended level and offtake has
declined (Fig 5).

Data from specific blocks under short-term ownership also provide evidence of the relation-
ship between tenure and offtake. These blocks were predominantly on the western side of SGR
in the Msolwa and Ilonga sectors. They experienced very high hunting offtakes in the late
1990s and then subsequent declines in hunting offtake in the early 2000s. However, by 2009
parts of the Msolwa sector supported some of the highest lion densities in SGR [45]. It is
thought that the over-harvesting of the late 1990s had led to a scarcity of lions to hunt, which
made it difficult to attract clients to the blocks and allowed lion populations to recover by 2009.
The decision by the lessee in 2002 to stop hunting lions in a block in the heart of the Msolwa
sector (K5 on Fig 3) probably helped this recovery. Over the last few years several blocks that
were over-utilised have changed hands, to what is hoped will be more responsible owners.

Conclusions and Recommendations

Trophy hunting has had a negative impact on lion populations in SGR since the late 1990s, and
research suggests the sustainable lion trophy hunting quota is one lion per 1000km? in SGR
[25]. Applying this in SGR would have only led to a slight decrease in the 2008 overall lion
hunting offtake, from ~50 lions a year to ~45 lions a year, but would have resulted in a much
more even spread in lion hunting across SGR between sectors and blocks under different
lengths of tenure.

The blocks in SGR with the highest lion hunting offtakes also experienced the steepest
declines in trophy offtake from 1996 to 2008 and tended to be under short-term tenure. These
high pressure hunting blocks, however, brought in the greatest amount of revenue for the
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government per km” of area. The solution to this problem is not new, but involves adopting
the 1995 Policy and Management Plan for Tourist Hunting [61], which was accepted by the
then Director of Wildlife, but has yet to be implemented [60]. This would allocate hunting
blocks through market-based competitive bidding (i.e. an auction) with a long-term lease of
ten years, thereby reducing the importance of trophy fees and moving away from the current
pay-as-you-use approach. Such recommendations remain pertinent, as Tanzania offered 28
new hunting blocks in May 2015, each on a three year lease [62], with a plan to assess all hunt-
ing blocks and potentially re-allocate them in 2018. The main drivers for such re-allocations
seem to be to generate increased revenue for the government and to increase the number of
Tanzanian nationals leasing blocks. Such goals are laudable but the allocation process must
also involve increased transparency in block allocation, income generation, hunting offtake
and quota setting. Otherwise, unsustainable hunting offtakes will continue.

Supporting Information

S1 File. Table A: Data on mean lion hunting offtake (+ standard deviation), annual rate of
change in hunting from 1996 to 2008, and government income per km” from 1996 to 2003
from within Selous Game Reserve by hunting block. Table B: Data on lion hunting offtake (+
standard deviation) and annual rate of change in blocks outside Selous Game Reserve (1996-
2008). Table C: Maximum offtake (1996-99), average offtake and quota per block (1996-2008)
in SGR. Figure A: Average number of lions shot per block in Selous Game Reserve and the
average lion hunting quota per block per year.

(PDF)

Acknowledgments

We are grateful for permission and constructive advice from the Tanzania Wildlife Research
Institute (TAWIRI), Commission for Science and Technology (COSTECH) and the Wildlife
Division (WD) of the Ministry of Natural Resources and Tourism to carry out research in
Selous Game Reserve. Craig Packer, Tim Caro and three anonymous reviewers provided help-
ful comments and suggestions on an earlier draft.

Author Contributions
Conceptualization: HB R]S KS NLW.
Data curation: HB.

Formal analysis: HB R]S.

Funding acquisition: HB.
Investigation: HB KS.
Methodology: HB RJS NLW.

Project administration: HB KS.
Resources: HB KS.

Supervision: R]S NLW.

Writing - original draft: HB.
Writing - review & editing: HB RJS KS NLW.

PLOS ONE | DOI:10.1371/journal.pone.0162610 September 20, 2016 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162610.s001

@° PLOS | ONE

Sustainability and Lion Trophy Hunting

References

1.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Ayre G, Callway R, editors. Governance for sustainable development: a foundation for the future. Lon-
don; Sterling, VA: Earthscan;2005.

Barrett CB, Brandon K, Gibson C, GjertsenH. Conserving Tropical Biodiversity amid Weak Institutions.
BioScience. 2001; 51: 497-502. doi: 10.1641/0006-3568(2001)051[0497:CTBAWI]2.0.CO;2

Harris RB, Cooney R, Leader-Williams N. Application of the Anthropogenic Allee Effect Model to Tro-
phy Hunting as a Conservation Tool: Trophy Hunting and Allee Effects. Conserv Biol. 2013; 27: 945—
951. doi: 10.1111/cobi.12115 PMID: 23869913

Adams WM. Against Extinction: The Story of Conservation. London: Earthscan;2004.

Gaston KJ, CharmanK, Jackson SF, Armsworth PR, Bonn A, Briers RA, et al. The ecological effective-
ness of protected areas: The United Kingdom. Biol Conserv. 2006; 132: 76—87. doi: 10.1016/j.biocon.
2006.03.013

Lockwood M. Good governance for terrestrial protected areas: A framework, principles and perfor-
mance outcomes. J Environ Manage. 2010; 91: 754-766. doi: 10.1016/j.jenvman.2009.10.005 PMID:
19896262

James AN, Green MJB, Paine JR. A Global Review of Protected Area Budgets and Staff. Cambridge,
UK: WCMC—World Conservation Press; 1999.

Githiru M, King MW, Bauche P, Simon C, Boles J, Rindt C, et al. Should biodiversity offsets help finance
underfunded Protected Areas? Biol Conserv. 2015; 191: 819-826. doi: 10.1016/j.biocon.2015.07.033

James A, Gaston KJ, Balmford A. Can We Afford to Conserve Biodiversity? Bioscience. 2001; 51: 43—
52. doi: 10.1641/0006-3568(2001)051[0043:CWATCB]2.0.CO;2

McCarthy DP, Donald PF, Scharlemann JPW, Buchanan GM, Balmford A, Green JMH, et al. Financial
Costs of Meeting Global Biodiversity Conservation Targets: Current Spending and Unmet Needs. Sci-
ence. 2012; 338: 946-949. doi: 10.1126/science.1229803 PMID: 23065904

Pearce D. Do we really care about Biodiversity? Environ Resour Econ. 2007; 37: 313-333. doi: 10.
1007/s10640-007-9118-3

Langholz J, Lassoie JR. Perils and Promise of Privately Owned Protected Areas. BioScience. 2001;
51:1079-1085. doi: 10.1641/0006-3568(2001)051[1079:PAPOP 0]2.0.CO;2

Mitchell B. Editorial. Parks. 2005; 15: 1-5.

Gallo JA, Pasquini L, Reyers B, Cowling RM. The role of private conservation areas in biodiversity
representation and target achievement within the Little Karoo region South Africa. Biol Conserv. 2009;
142: 446-454. doi: 10.1016/j.biocon.2008.10.025

Lewis D, Jackson J. Safari hunting and conservation on communal land in southern Africa. In: Woo-
droffe R, Thirgood SJ, Rabinowitz A, editors. People and Wildlife: Conflict or Coexistence? Cambridge:
Cambridge University Press; 2005. pp. 239-252.

Lindsey PA, Roulet PA, Romanch SS. Economic and conservation significance of the trophy hunting
industry in sub-Saharan Africa. Biol Conserv. 2007; 134: 455-469. doi: 10.1016/j.biocon.2006.09.005

Booth VR, Cumming DHM. The development of a recreational hunting industry and its relationship with
conservation in Southern Africa. In: Dickson B, Hutton J, Adams WM, editors. Recreational Hunting,
Conservation and Rural Livelihoods. Oxford: Wiley-Blackwell; 2009. pp. 282—-295.

Lindsey PA, Balme GA, Funston P, Henschel P, Hunter L, Madzikanda H, et al. The Trophy Hunting of
African Lions: Scale, Current Management Practices and Factors Undermining Sustainability. PLoS
ONE. 2013; 8. doi: 10.1371/journal.pone.0073808

Loveridge AJ, Reynolds JC, Milner-Gulland EJ. Does sport hunting benefit conservation? In: Macdon-
ald DW, editor. Key Topics in Conservation Biology. Oxford: Blackwell Publishing; 2006. pp. 224—240.

Rohwer R. Classical safaris—saving many by killing few. In: Baldus RD, editor. Wild Heart of Africa:
The Selous Game Reserve in Tanzania. Johannesburg: Rowland Ward Publication; 2009. pp. 189—
195.

Di Minin E, Leader-Williams N, Bradshaw CJA. Banning Trophy Hunting Will Exacerbate Biodiversity
Loss. Trends Ecol Evol. 2016; 31: 99-102. doi: 10.1016/j.tree.2015.12.006 PMID: 26746807

Jones BTB. Community benefits from safari hunting and related activities in southern Africa. In: Dickson
B, Hutton J, Adams WA, editors. Recreational Hunting, Conservation and Rural Livelihoods. Oxford:
Wiley-Blackwell; 2009. pp. 157-177.

Naidoo R, Weaver CL, Diggle RW, Matongo G, Stuart-HillG, Thouless C. Complementary benefits of
tourism and hunting to communal conservancies in Namibia. Conserv Biol. 2016; 30: 628—638. doi: 10.
1111/cobi. 12643 PMID: 26537845

PLOS ONE | DOI:10.1371/journal.pone.0162610 September 20, 2016 13/15


http://dx.doi.org/10.1641/0006-3568(2001)051[0497:CTBAWI]2.0.CO;2
http://dx.doi.org/10.1111/cobi.12115
http://www.ncbi.nlm.nih.gov/pubmed/23869913
http://dx.doi.org/10.1016/j.biocon.2006.03.013
http://dx.doi.org/10.1016/j.biocon.2006.03.013
http://dx.doi.org/10.1016/j.jenvman.2009.10.005
http://www.ncbi.nlm.nih.gov/pubmed/19896262
http://dx.doi.org/10.1016/j.biocon.2015.07.033
http://dx.doi.org/10.1641/0006-3568(2001)051[0043:CWATCB]2.0.CO;2
http://dx.doi.org/10.1126/science.1229803
http://www.ncbi.nlm.nih.gov/pubmed/23065904
http://dx.doi.org/10.1007/s10640-007-9118-3
http://dx.doi.org/10.1007/s10640-007-9118-3
http://dx.doi.org/10.1641/0006-3568(2001)051[1079:PAPOPO]2.0.CO;2
http://dx.doi.org/10.1016/j.biocon.2008.10.025
http://dx.doi.org/10.1016/j.biocon.2006.09.005
http://dx.doi.org/10.1371/journal.pone.0073808
http://dx.doi.org/10.1016/j.tree.2015.12.006
http://www.ncbi.nlm.nih.gov/pubmed/26746807
http://dx.doi.org/10.1111/cobi.12643
http://dx.doi.org/10.1111/cobi.12643
http://www.ncbi.nlm.nih.gov/pubmed/26537845

@° PLOS | ONE

Sustainability and Lion Trophy Hunting

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Leader-Williams N. Conservation and hunting: friends or foe? In: Dickson B, Hutton J., Adams W. M.,
editors. Recreational Hunting, Conservation and Rural Livelihoods. Oxford: Wiley-Blackwell; 2009. pp.
9-25.

Packer C, Brink H, Kissui BM, Maliti H, Kushnir H, Caro T. The impact of trophy hunting on lion and
leopard populations in Tanzania. Conserv Biol. 2011; 25: 142—153. doi: 10.1111/j.1523-1739.2010.
01576.x PMID: 20825444

Clark CW. The Economics of Overexploitation. Science. 1973; 181: 630-634. doi: 10.1126/science.
181.4100.630 PMID: 17736970

Chapron G, Treves A. Blood does not buy goodwill: allowing culling increases poaching of a large carni-
vore. Proc R Soc B Biol Sci. 2016; 283: 20152939. doi: 10.1098/rspb.2015.2939

Edwards CTT, Bunnefeld N, Balme GA, Milner-Gulland EJ. Data-poor management of African lion
hunting using a relative index of abundance. Proc Natl Acad Sci. 2014; 111: 539-543. doi: 10.1073/
pnas.1219615110 PMID: 24344299

Agrawal A, Benson CS. Common property theory and resource governance institutions: strengthening
explanations of multiple outcomes. Environ Conserv. 2011; 38: 199-210. doi: 10.1017/
S0376892910000925

Nelson F, editor. Community rights, conservation and contested land: the politics of natural resource
governance in Africa. London; Washington, DC: Earthscan;2010.

Tucker CM. Private Versus Common Property Forests: Forest Conditions and Tenure in a Honduran
Community. Hum Ecol. 1999; 27: 201-230. doi: 10.1023/A:1018721826964

Caro T, Davenport TRB. Wildlife and wildlife management in Tanzania. Conserv Biol. 2016; 30: 716—
723. doi: 10.1111/cobi. 12658 PMID: 26681228

Nelson F, Lindsey PA, Balme GA. Trophy Hunting and Lion Conservation: A Question of Governance?
Oryx. 2013; 47: 501-509. doi: 10.1017/S003060531200035X

Nelson F, Nshala R, Rodgers WA. The evolution and reform of Tanzanian wildlife management. Con-
serv Soc. 2007; 5: 232-261.

Rands MRW, Adams WM, Bennun L, Butchart SHM, Clements A, Coomes D, et al. Biodiversity Con-
servation: Challenges Beyond 2010. Science. 2010; 329: 1298—1303. doi: 10.1126/science.1189138
PMID: 20829476

Chardonnet P. Conservation of the African Lion: Contribution to a Status Survey. International Founda-
tion for the Conservation of Wildlife. Paris; 2002.

Leader-Williams N, Kayera JA, Overton GL. Tourist Hunting in Tanzania. Gland, Switzerland: The
World Conservation Union; 1996.

Baldus RD, Cauldwell AE. Tourist Hunting and its Role in Development of Wildlife Management Areas
in Tanzania [Internet]. GTZ Report. Dar es Salaam; 2004. Available: http://www.wildlife-baldus.com

Baldus RD. The Crucial Role of Governance in Ecosystem Management—Results and Conclusions of
the Selous Conservation Programme, Tanzania 1987-2003 [Internet]. 2006. Available: http://www.
wildlife-baldus.com

Carter E, Adams WM, Hutton J. Private protected areas: management regimes, tenure arrangements
and protected area categorization in East Africa. Oryx. 2008; 42: 177—186. doi: 10.1017/
S0030605308007655

Caro T, Young C, Cauldwell A, Brown D. Animal breeding systems and big game hunting: Models and
application. Biol Conserv. 2009; 142: 909-929. doi: 10.1016/j.biocon.2008.12.018

Riggio J, Jacobson A, Dollar L, Bauer H, Becker M, Dickman A, et al. The size of savannah Africa: a
lion’s (Panthera leo) view. Biodivers Conserv. 2012; 22: 17-35. doi: 10.1007/s10531-012-0381-4

Packer C, Kosmala M, Cooley HS, Brink H, Pintea L, Garshelis D, et al. Sport hunting, predator control
and conservation of large carnivores. PLoS ONE. 2009; 4. doi: 10.1371/journal.pone.0005941

Leader-Williams N, Hutton JM. Does extractive use provide opportunities to offset conflicts between
people and wildlife? In: Woodroffe R, Thirgood S, Rabinowitz A, editors. People and Wildlife; Conflict or
Coexistence? Cambridge: Cambridge University Press; 2005. pp. 150—-161.

Brink H, Smith RJ, Skinner K. Methods for lion monitoring: a comparison from the Selous Game
Reserve, Tanzania. AfrJ Ecol. 2013; 51: 366—375. doi: 10.1111/aje.12051

Packer C, Loveridge A, Canney S, Caro T, Garnett ST, Pfeifer M, et al. Conserving large carnivores:
dollars and fence. Ecol Lett. 2013; 16: 635-641. doi: 10.1111/ele.12091 PMID: 23461543

Bauer H, Chapron G, Nowell K, Henschel P, Funston P, Hunter LTB, et al. Lion populations are declin-
ing rapidly across Africa, except in intensively managed areas. Proc Natl Acad Sci. 2015; 112: 14894—
14899. doi: 10.1073/pnas.1500664112 PMID: 26504235

PLOS ONE | DOI:10.1371/journal.pone.0162610 September 20,2016 14/15


http://dx.doi.org/10.1111/j.1523-1739.2010.01576.x
http://dx.doi.org/10.1111/j.1523-1739.2010.01576.x
http://www.ncbi.nlm.nih.gov/pubmed/20825444
http://dx.doi.org/10.1126/science.181.4100.630
http://dx.doi.org/10.1126/science.181.4100.630
http://www.ncbi.nlm.nih.gov/pubmed/17736970
http://dx.doi.org/10.1098/rspb.2015.2939
http://dx.doi.org/10.1073/pnas.1219615110
http://dx.doi.org/10.1073/pnas.1219615110
http://www.ncbi.nlm.nih.gov/pubmed/24344299
http://dx.doi.org/10.1017/S0376892910000925
http://dx.doi.org/10.1017/S0376892910000925
http://dx.doi.org/10.1023/A:1018721826964
http://dx.doi.org/10.1111/cobi.12658
http://www.ncbi.nlm.nih.gov/pubmed/26681228
http://dx.doi.org/10.1017/S003060531200035X
http://dx.doi.org/10.1126/science.1189138
http://www.ncbi.nlm.nih.gov/pubmed/20829476
http://www.wildlife-baldus.com
http://www.wildlife-baldus.com
http://www.wildlife-baldus.com
http://dx.doi.org/10.1017/S0030605308007655
http://dx.doi.org/10.1017/S0030605308007655
http://dx.doi.org/10.1016/j.biocon.2008.12.018
http://dx.doi.org/10.1007/s10531-012-0381-4
http://dx.doi.org/10.1371/journal.pone.0005941
http://dx.doi.org/10.1111/aje.12051
http://dx.doi.org/10.1111/ele.12091
http://www.ncbi.nlm.nih.gov/pubmed/23461543
http://dx.doi.org/10.1073/pnas.1500664112
http://www.ncbi.nlm.nih.gov/pubmed/26504235

@° PLOS | ONE

Sustainability and Lion Trophy Hunting

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Berkes F, Folke C, editors. Linking social and ecological systems: management practices and social
mechanisms for building resilience. Cambridge: Cambridge Univ. Press; 2002.

Ostrom E. A General Framework for Analyzing Sustainability of Social-Ecological Systems. Science.
2009; 325: 419-422. doi: 10.1126/science.1172133 PMID: 19628857

IUCN. Conservation Strategy for the lion (Panthera leo) in Eastern and Southern Africa. [Internef].
IUCN; 2006. Available: http://www.felidae.org/JOBURG/Lion_E_Sweb1.pdf

IUCN. Red List of Threatened Species. [Internet]. IUCN; 2008. Available: http://www.iucnredlist.org

Fitzherbert E, Caro T, Johnson PJ, Macdonald DW, Borgerhoff Mulder M. From avengers to hunters:
Leveraging collective action for the conservation of endangered lions. Biol Conserv. 2014; 174: 84-92.
doi: 10.1016/j.biocon.2014.03.012

Whitman K, Starflield M, Quadling S, Packer C. Sustainable trophy hunting of African Lions. Nature.
2004;428: 175-178. PMID: 14990967

Packer C, Ikanda D, Kissui B, Kushnir H. Lion attacks on humans in Tanzania—Understanding the tim-
ing and distribution of attacks on rural communities will help to prevent them. Nature. 2005; 436: 927—
928. doi: 10.1038/436927a PMID: 16107828

Loveridge A, Searle A, Murindagomo F, Macdonald D. The impact of sport-huntingon the population
dynamics of an African lion population in a protected area. Biol Conserv. 2007; 134: 548-558. doi: 10.
1016/j.biocon.2006.09.010

Kiffner C, Meyer B, Muhlenberg M, Waltert M. Plenty of prey, few predators: what limits lions Panthera
leo in Katavi National Park, western Tanzania? Oryx. 2009; 43: 52-59. doi: 10.1017/
S0030605307002335

Creel S, M’'soka J, Droge E, Rosenblatt E, Becker M, Matandiko W, et al. Assessing the sustainability
of African lion trophy hunting, with recommendations for policy. Ecol Appl. 2016; doi: 10.1002/eap.1377

Bouché P, Crosmary W, Kafando P, Doamba B, Kidjo FC, Vermeulen C, et al. Embargo on Lion Hunt-
ing Trophies from West Africa: An Effective Measure or a Threat to Lion Conservation? Roca AL, editor.
PLOS ONE. 2016; 11: e0155763. doi: 10.1371/journal.pone.0155763 PMID: 27182985

Baldus RD. Lion Conservationin Tanzania leads to Serious Human-Lion Conflicts [Internet]. Tanzania
Wildlife; 2004. Available: http://www.wildlife-baldus.com

Leader-Williams N, Baldus RD, Smith RJ. The influence of corruption on the conduct of recreational
hunting. In: Dickson B, Hutton J, Adams WM, editors. Recreational Hunting, Conservation and Rural
Livelihoods. Oxford: Wiley-Blackwell; 2009. pp. 296-316.

Ministry of Natural Resources and Tourism. Policy and Management Plan for Tourist Hunting. MNRT;
Government Printer, Dar es Salaam, Tanzania; 1995.

Breakthrough Attorneys. Investment in Wildlife Sector; New Hunting Blocks Declared. In: http:/
breakthroughattorneys.com/investment-in-wildlife-sector [Internet]. 2015 [cited 4 Aug 2015]. Available:
http://breakthroughattomeys.com/investment-in-wildlife-sector/

PLOS ONE | DOI:10.1371/journal.pone.0162610 September 20,2016 15/15


http://dx.doi.org/10.1126/science.1172133
http://www.ncbi.nlm.nih.gov/pubmed/19628857
http://www.felidae.org/JOBURG/Lion_E_Sweb1.pdf
http://www.iucnredlist.org
http://dx.doi.org/10.1016/j.biocon.2014.03.012
http://www.ncbi.nlm.nih.gov/pubmed/14990967
http://dx.doi.org/10.1038/436927a
http://www.ncbi.nlm.nih.gov/pubmed/16107828
http://dx.doi.org/10.1016/j.biocon.2006.09.010
http://dx.doi.org/10.1016/j.biocon.2006.09.010
http://dx.doi.org/10.1017/S0030605307002335
http://dx.doi.org/10.1017/S0030605307002335
http://dx.doi.org/10.1002/eap.1377
http://dx.doi.org/10.1371/journal.pone.0155763
http://www.ncbi.nlm.nih.gov/pubmed/27182985
http://www.wildlife-baldus.com
http://breakthroughattorneys.com/investment-in-wildlife-sector
http://breakthroughattorneys.com/investment-in-wildlife-sector
http://breakthroughattorneys.com/investment-in-wildlife-sector/

