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Abstract

The Selous Game Reserve (SGR) in Tanzania, at@h80s large, and is reliant on
trophy hunting by tourists for revenue. The stoéllfions Panthera lepin SGR therefore
offers the opportunity to investigate sustainabkource utilization as a tool in conservation.
Using a combination of methods the lion populatdi$SGR was estimated at 4300 (range
1700-6900), representing Africa’s largest lion plapion. The north and west of the reserve
had higher densities of lions. The population oBaaknt intensively studied area in
northern SGR at Matambwe has remained relativehgtamt since 1997, but the adult sex

ratio has decreased from roughly 1 male : 1.3 fenmall997 to 1 male : 3 females in 2009.

The ecology of the Matambwe lions of northern SG& wtudied from 2006-2009,
and lion distribution in this area was best exmdilby lean or dry season prey biomass. Two
different methods were used to work out the liomygag capacity. Environmental and
anthropogenic factors that best explained liorrithgtion in northern SGR were distance to

the reserve boundary and villages and soil typencdrea.

The SGR is divided into 43 hunting blocks which l@@sed by companies. The
management of trophy hunting in SGR and Tanzardaiven by a quota system set through
educated guesswork by the government for eachrgibtock. Based on a study of lion
hunting off-take, a reduction of the lion huntingota to one lion 1000kffor SGR is
suggested. Attempts to estimate the lion populgiErhunting block and then suggest a
guota based on a figure below ten percent of thit athle population also leads to a
reduction in the hunting quota.

The impact that length of block tenure by compahes on trophy hunting of lions in
SGR was investigated. The blocks in SGR with tilestrtions shot 1000khannually were
the blocks that experienced the steepest decingephy offtake from 1996 to 2008 and
tended to be under short-term tenure. These shrtlocks, however, brought in the

greatest amount of revenue for the government.

The important factor in the long-term survival bétlion will be human attitudes and
actions. Detailed interviews with key informantslggeneral questionnaires highlighted
many different possible ways to reform lion trogtynting in SGR. Many of the necessary

reforms are not new, yet there seems to be reloetemembrace these reforms.
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1 General Introduction




1.1 INTRODUCTION

The year 2010 marks the International Year of Biedsity and the global deadline
for halting the loss of biodiversity. Biodiversitystill in decline and most governments will
miss their 2010 targets (UNEP, 2010). Predatoergity studies are particularly relevant to
conservation because they focus on the trophicpgtioak is most extinction prone (Finke &
Snyder, 2010). Although, large carnivores may @er ppiodiversity surrogates (Dalerwsh
al., 2008), they do require large areas to live (Caeb& Gittleman, 2002) and are sensitive
to landscape fragmentation (Crooks, 2002). Duwetdmental conflicts with humans, these
large carnivores are no longer found in much oir theginal range and are increasingly
restricted in distribution to protected areas, As Psee Woodroffe & Ginsberg, 1998;
Gittlemanet al, 2001; Caro, 2003).

Much of the world’s terrestrial biodiversity anddamgered species are found in
tropical countries engaged in rapid industrializatand development (see Borgerhoff-Mulder
& Coppolillo, 2005; Bradshawt al, 2009; Gardneet al, 2010). Quite often PAs in these
countries would offer greater short-term financetlrns if utilized for mining, agriculture,
timber production, or other industries, and aredftge expected to pay for their lack of
industrial utilization, be it through game-viewipgotographic tourism or some form of
sustainable resource utilization, like trophy hngt{see Loveridgest al, 2006; Norton-
Griffiths, 1998). In very poor countries, PAs mago be expected to contribute financially
to the national economy and surrounding communwties bear the brunt of the human-
wildlife conflict inherent with living near dangeus wild animals (Leader-Williams &
Hutton, 2005). Proponents of trophy hunting emeathat it allows for the use and
conservation of areas that the photographic tawstuld not visit (e.g. Hutton & Leader-
Williams, 2003). Such PAs are generally classifredrnationally by IUCN in their
Categories IV to VI (IUCN, 1994); and account fseo85% of PAs in Tanzania.

The Selous Game Reserve in Tanzania is Africaggektrand oldest PA (Baldus,
2009), supporting one of Africa’s largest lion ptgiions and is reliant on trophy hunting for
revenue. The study of lions in Selous Game Resé&mrzania, therefore offers the
opportunity to investigate sustainable resourdezation as a tool in conservation. The rest
of this introductory chapter provides backgrouniimation on sustainable resource
utilization, Selous Game Reserve, lions, and entlsanm outline of the thesis.



1.2 SUSTAINABLE RESOURCE UTILIZATION

1.2.1 Sustainable Resource Utilization and Hunting.

Sustainability is the capacity to endure. In egglthe word describes how biological
systems remain diverse and productive over ting. hEmans, this translates into the
potential for long-term maintenance of well-beindpich is dependent on the natural world
and responsible use of natural resources. As irbearych of natural resource utilization, the
science of hunting revolves around sustainabiMitr{er-Gullandet al, 2009); what is the

effect of hunting on populations, and how can basused to improve its management?

Much of the original work on the sustainabilitylainting has been developed within
the framework of fisheries science (Hilborn & Wadte1991) and the underlying science is
well understood. In fisheries the focus has beemodelling the impact of fishing on stock
sizes and making recommendations to managemeptitaipe yields over time (Clark,
1990). Conversely, managing hunting of wild popiales on land is less hampered by a lack
of data on population size and maximising commeéxaeedds, and has had much more of a
biological focus (Sinclaiet al, 2005). However, in both cases there is ofteassumption
that there is a management authority and thaniirtduence hunting rates and choose a
sustainable level of hunting (Milner-Gullaetlal, 2009); nonetheless all management
decisions will inevitably involve interplay betwesaience, values and politics (Kellert &
Clark, 1991).

1.2.2 Whatis Trophy Hunting?

Commercial forms of extractive use have develogegdaat of the choice in modern
conservation paradigms (Hutton & Leader-William@03); tourist hunting is one such
choice (see Table 1.1). However, the extractiveaisvildlife remains contentious; with
numerous examples of wildlife populations beingidetntally impacted when used
commercially (Milner-Gulland & Mace, 1998); and, @am-going debate among
conservationists over whether wildlife should ool not be killed to promote conservation
(Hoyt, 1994). From a conservation standpoint,igdrunting is useful only so long as it
provides long-term protection of habitats and papahs and, for this reason, hunting must
be conducted on a sustainable basis (€aet, 1998). In addition, it has been argued that

extractive use (tourist hunting) must provide irtoess for conservation, and importantly



these incentives must be more equally shared athengeople who bear the costs of living
with wildlife (Hutton & Leader-Williams, 2003).

Table 1.1:What is tourist huntingfadapted from Loveridget al, 2006)

Subsistence Undertaken to provide food for hunters and their
hunting dependents.

Market (or commercial) Undertaken to provide food to a consumer community
hunting for cash.

Recreational Undertaken primarily for leisure, as an activitgtth
hunting provides the participant with enjoyment.

Sport hunting Prime motivation being the thrill of the chase.

Trophy hunting Prime motivation being the acquiring of trophies.
Tourist hunting Hunters that might be motivated by sport or trophie

but implies that the hunter is from outside the
community where the hunting is taking place.

Hunting is often categorized into subsistence mgntmarket hunting and recreational
hunting, the differences being primarily motivaibn The distinctions between the various
types of hunting can be blurred, for example, urisi hunting there is a commercial element
to it, in that hunters are willing to pay large suaf money for it, and many components of
the activity are saleable commodities. For simpftidrophy hunting will be used to describe
the hunting of lions in Selous Game Reserve inélseof this thesis, although it could be

rightly described as sport, tourist or recreatidnaiting.

There is a growing belief that the more cost-effectvay to conserve biodiversity is
for wealthy states to compensate local people dbdamaging sensitive sites or species
(Jameset al, 1999). However, there is currently still no gdbbommitment to financing the
costs of conservation, nor the institutional cayam distribute such payments (Loveridgte
al., 2006). Therefore, until there is, encouraging llecstainable use of natural resources
through high return, arguably low impact activifieach as trophy hunting, may be
preferable to more destructive alternatives, sscagaiculture, subsistence hunting or
logging, which tend to extirpate wildlife populat®and destroy habitats.

1.2.3 Ethics of Trophy Hunting.

Trophy hunting is subject to considerable debatth proponents citing the
conservation and socioeconomic benefits of tropimting, in contrast opponents are

concerned with issues of sustainability, and ofcstranimal welfare and animal rights



(Leader-Williams, 2009). The debates can be quatddd as antagonists lack any common
ground and have differing moral starting positioirsdeed, some disputes on trophy hunting
also touch on issues of race, class and gendewvingeas a lightning rod for a host of
different concerns (Dickson, 2009). Detailed dsstan of the ethics of trophy hunting is
beyond the scope of this section, but it is impdrta recognise that debate surrounds the

subject and summarise some of the key points.

The animal welfare and rights arguments againghirdwunting hinges around the
notion that if an animal is capable of feeling patims wrong to cause them to suffer (Singer,
1995); and that certain animals have rights, arelajrthose rights is not to be killed (Regan,
1984). Regan (2001) describes those animals witghato life as those that can perceive
and remember, have desires and preferences, cameattonally, and have a sense of the
future. Less sound, but more widespread, is themaent that trophy hunting and other
forms of recreational hunting are morally objectible as the killing is done for fun
(Dickson, 2009). Indeed, if those engaged in et lake pleasure specifically in the
suffering caused to the animal, rather than ireittesity as a whole, it would be a sick past-

time and very difficult to justify.

Scruton (1998) argues that participants of fox-mgntake part to enjoy the activity
as a whole, suggesting that fox-hunting displagsviitues of traditional social solidarity,
respect for the hunted animal and concern for thumityside. These arguments could be
applied to trophy hunting as a whole. The most comargument for recreational or trophy
hunting focuses on the positive consequences fwgezwation, in particular that of income
generated by trophy hunting being invested in carad®n. Others still have argued that the
‘good of the biotic community is the ultimate megsaf moral value’ (Callicott, 1980);
thereby defending, and suggesting it may be a mecalirement in certain situations, to

reduce the population size of an over-abundantiepec

Trophy or big game hunting in Tanzania devetbduring the colonial period, and
the rules and traditions of the activity were coogsly elaborate to constitute this as a
suitable recreation for the colonial elite (MacKen2988); most notably was the idea of the
‘fair chase,’ thereby making it ethically superiorthe other forms of hunting, in particular
subsistence or commercial hunting, practised bydiréory’s subjects. This past still has a
bearing on attitudes and feeds resentment todeyphy hunting is only affordable to the
extremely wealthy. The larger successful huntingganies are all owned by whites or



foreigners, and 99% of professional hunters are @ither white or foreign. In fact, over
50% of the Selous is leased to one person fromgeurss a low ranking government official
put it quite succinctly; “it is a pastime for wdaftforeigners, run by foreigners, for the
benefit of other wealthy foreigners — what dodsaie to do with Tanzanians?” This, of
course, does not reflect the official governmeriwof trophy hunting as an important
revenue earner and tool in wildlife conservatiohgve “hunting is an economically viable
and sustainable use of wildlife that is consisteitit the policy of high quality, yet low
density tourism that can contribute significantiythe national economy” (MNRT, 2007).

1.2.4 Wildlife Management and Trophy Hunting in Tarzania.

Tanzania supports an abundance of wildlife, andsbase 30% of its land area under
wildlife protected status. The amount of land urdifferent protected status is listed in
Table 1.2. Management of the wildlife sector iktd@tween management of National Parks
by Tanzania National Parks (TANAPA), Forest Resgilwe Forest and Beekeeping Division
of the Ministry of Natural Resources and TourisNRIT), Ngorongoro by the Ngorongoro
Conservation Area Authority (NCAA), and the restlod areas by the Wildlife Division
(WD) also of the MNRT. The key legislation allowifor wildlife management are the
National Parks Ordinance of 1959, which covers N#dvithin National Parks; Ngorongoro
Conservation Area Ordinance of 1959; Forest A@QGS2 which covers Forest Reserves;
and, the Wildlife Conservation Act of 1974. Oveéfagislation is now guided by the
Wildlife Policy (MNRT, 2007) which confirms the gexnment’s overall right of ownership
of wildlife: “In recognition of the importance obaservation of biological diversity to the

livelihood of mankind, the state will retain theewall ownership of wildlife.”

Table 1.2:Wildlife Protected Land (from Baldus, 2004)

Category Approximate Area Percentage of
(km?) total area

National Parks 39,000 3%

Game Reserves 120,000 10%

Ngorongoro Conservation Area 8,300 1%

Forest Reserves 87,000 7%

Game Controlled Area 107,000 9%




In accordance with the Wildlife Conservation Ac®T4), Tanzania’s wildlife can be
hunted through the issuance of a license by theciir of Wildlife. However, hunting
cannot take place in any of the following: in angtidnal Park (NP); in the Ngorongoro
Conservation Area; or within one kilometre of tteihdary of these areas. Hunting is
permitted in Game Reserves (GR) and Game Conted#\(GCA). GRs are devoted to
wildlife conservation and prohibit any permanentriam settlements or grazing of livestock.

In contrast, in GCAs, human settlement and theiggaaf livestock are unrestricted, but
hunting of wildlife is only permitted under licencé total of 74 species of big game are
listed under the Wildlife Conservation Act (1974at may be shot on license by hunters who
are not citizens or residents. Aside from a huntian between 1973 and 1978, Tanzania has
been involved with tourist hunting since thé"x®ntury. In 2003, there were over 130
hunting concessions covering in excess of 200,000tkat were leased to hunting
outfitters/companies licensed to conduct touristtimg, with hunting in the Selous Game
Reserve representing 35% of tourist hunting in dare (Baldus & Cauldwell, 2004).
Nicholson (2009) describes the inception, develepnand delineation of hunting
blocks in and around Selous Game Reserve. Initigllthe 1920s and 1930s, it was largely a
theoretical exercise with lines drawn on sparselyuybated areas of the map with few or no
defining features. In the 1950s and 1960s, theuarGame Reserve boundaries were revised
to conform to natural, visible features. But mawoyihdary adjustments have been made since
and it is only relatively recently that geograpbiordinates have been recorded and GIS data
developed for all hunting blocks (Baldus & Cauldw2004).

Since the late-1990s many GCAs were designatedilaéifd/Management Areas
(WMA), and then as Open Areas (OA). The distintti@tween hunting blocks on GCAs,
WMAs and OAs is not clear cut, (i.e. all allow tauman settlement and wildlife to coexist,
and hunting is only permitted under licence) biiec when the blocks were set up. GCAs
are the oldest, and most were set-up prior to déinky €990s. The WMAs reflect Tanzania’s
attempt to introduce community-based managemewtidiife in the late 1990s, since then
in 2004/5 new hunting blocks have been designate€d/es (for a detailed discussion see
Nelsonet al, 2007, and Chapter 6). This has, however, méanfltanzania has sets aside
more land since 2003 in an extensive network ofgated areas for wildlife conservation
(see Figure 1.1): which are made up of NPs (38k36%; GRs (102,049 kA); and GCA,

WMA or OA (202,959 krf). There are now some ~160 hunting blocks or cssioas
covering over 305,000kf{Packert al.,2010). Hunting has become an even more

important source of revenue for wildlife consergatin Tanzania.



Figure 1.1: Protected Areas of Tanzania.
Selous Game Reserve and surroundings ringed. GGAnre Control Area; GR = Game Reserve; OA = OpeaA\rdP = National Park; NCA
= Ngorongoro Conservation Area.
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1.2.5 Economics of Trophy Hunting in Tanzania.

Trophy hunting plays a growing and important releéhie economy of Tanzania. In
1988, trophy hunting generated a direct revenughimgovernment of $1.25 million, this had
increased to $5.34 million by 1992 (PAWM, 1996).8whole for the Tanzanian economy
(for the government and hunting outfitters combjnéais went from $4.67 million in 1988
to $13.96 million in 1992 (PAWM, 1996). By 200hetWildlife Division accrued US$ 10
million from hunting annually, and the Tanzaniamtiog industry as a whole generated
approximately US$ 27 million (Baldus & CauldwelQ@®). The latest figures available are
for 2006, in which ~1500 tourist hunters earnedgtveernment around $20 million in fees,
and 700,000 photographic tourists earned the gavembaround $70 million (Tarimo, 2009).
There are no recent estimates of what trophy hgmsinvorth to the wider economy. A
review of the economic and conservation signifieaottrophy hunting across sub-Saharan
Africa concludes that although South Africa genesahe most revenue through trophy
hunting, it occurs across a greater geographiea & Tanzania (Lindsest al, 2007a).

1.2.6 Lion Trophy Hunting in Africa, Tanzania and Selous.

In social species, especially carnivores, killimgandividual can result in
unanticipated disturbance or death of other indiald in the population (Tuyttens &
Macdonald, 2000). Male lions enhance their repetiie success by killing rival male’s
offspring (infanticide). This brings newly acquiréemales into oestrus earlier than if they
had successfully raised their offspring to matugRgcker, 2000). Therefore, removal of
territorial males by tourist hunting may resultie death of their offspring, killed by new
males moving into the vacant territory; and if thcgurs frequently, the impact on the
population will be detrimental (Whitmaat al, 2004). However, it is important to note that
lions have the capacity to recover rapidly fronr@pdn numbers. As seen in the recovery
within six years of the Serengeti lion populatidteaa third of the population had died in
1994 canine distemper outbreak (Paaieal, 2005a); and seen in Ngorongoro Crater when
the lion population crashed from 75-100 lions taridlviduals in 1962, and recovered to
over a 100 individuals by 1975 (Kissui & PackerQ2))



In South Africa, it was noted that the sex-raticobs was highly male biased after
culling (Starfieldet al, 1981). A shift in the sex-ratio suggests thabpypation compensates
for the removal of adult males by producing (orireg) a higher percentage of male cubs.
Creel & Creel (1997) noted a sex-ratio biased towanale cubs in the Selous Game
Reserve, suggesting that this reflected a highoitenof pride males, perhaps due to hunting.
Studies from Hwange National Park, Zimbabwe, fotlvad tourist hunting in concessions
around the Park removed 72% of the adult male limm a study population covering
6000knTt of the National park and reduced the proportiomafes in the adult population
from around 30% to 13%, or reduced the adult sea fiom 1:3 to 1:6 in favour of adult
females (Loveridge & Macdonald, 2002; Loveridgeal.,2007). Reduction in male lion
density resulted in males expanding their rang@ésdade more prides of females. Thereby,
increasing the probability of males leaving thetpection of the Park and themselves become
vulnerable to trophy hunting. Similarly, Coope®91) in studies from Savuti, Botswana,
where males were also rare as a result of trophirig showed that females did not benefit
from the protection of males and lost a higher propn of their prey to spotted hyenas
(Crocuta crocutq Botswana put a moratorium on lion hunting i®@@lifted in 2005 and
imposed again in 2009). While the above researéimbabwe led to reductions in the

annual lion hunting quota.

Buffalo, lions and leopard are the main attracfmmtourist hunting in Tanzania, with
these three key species responsible for generaditigof the total Wildlife Division (WD)
income (Baldus, 2004). A lion is only availablehiant on a 21 day safari. The trophy/game
fee of each lion shot was US$2000 in 2005. Thisroag increased to US$4900 in 2010.
There has also been a doubling in all the othes pegyable to the WD between 2004 and
2008 (see Table 1.3 which represent the minimunalpiayto the WD by a tourist).

Table 1.3:Fees Paid to the WD for a Lion by Tourist Hun20q4-5 & 2008-9):

2004-5 2008-9

Permit fee Fee for a hunting safari of more thalays $600 $1250
Conservation fee Daily fee per tourist hunter $2@ $150x 21
Observer fee Daily fee per person accompanyinghé hu $50 x 21 $100 x 21
Trophy handling fee  Fee for a hunting safari of elibran 7 days  $300 $500
Trophy/Game fee For one lion $2000 $4900
Total $6050 $11,900
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Annually, approximately 250 lions are taken by tstununting in Tanzania, of which
75-90 are taken in Selous Game Reserve (Baldug)2de trophy fees for lion are high,
and therefore increasing the number of lion on ggoéatly increases the quota value and is
one of the easier means for the Wildlife Divisiomapply pressure on hunting companies to
increase revenue as companies have to achieve #A#iratotal quota.However, recent
research using models parameterized with 40 yde8srengeti demographic data strongly
suggest that tourist hunting of lions would be aimstble if only males above five years are
hunted, as this would allow males the opporturatyeimain resident in a pride long enough
to rear a cohort of young (Whitma al.,2004). A relatively high off-take would be
possible provided no young lions are removed aedjthality of trophies would be much
improved. These results imply that strict adheeeiocoff-take of only old animals would
make quotas for lion obsolete, and highlights thpartance of being able to age lions in
hunting situations. The Tanzania Hunters and QetfitAssociation (TAHOA) accepts the
notion of only hunting older male lions, and setiaimum age requirement of six years on

lion trophies in 2004.

Nose colour serves as a good indication of a liags in the Serengeti ecosystem
(Whitmanet al, 2004). The lion nose starts off pink, and becopregressively freckled
with age, with a six year old lion having over 6@%ck in their nose. Hunting companies
have stated the difficulty of assessing nose cdlohunting situations, and questioned the
validity of using Serengeti data across TanzantheOmethods to age lions are suggested by
Smutset al. (1978), and include rate of closure of pulp chamsloé canines and incremental
cementum line build up on canine roots. A guidadimg lions for trophy hunters has since
been produced (Whitman & Packer, 2007).

In the Selous, trophy quality, in particular skelhgth has been used as empirical
evidence that lion hunting between 1995 and 2008 suatainable (Cauldwell, 2004); that is,
there was no significant decline in trophy quaditser the period (see Figure 1.2). However,
it should be noted that male lion skull lengthg@ase markedly from 8cm when they are
born to 35cm when they are three years old, andlthels off (Smutet al, 1978; Smutet
al., 1980). So all the Selous data is showing is thatst hunting is predominantly taking
males above three years of age, and thereforelgkugith is not a good indicator of
sustainability.
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Figure 1.2: Skull length and number of lions hunted from 198982 in Selous Game Resel{®m
Cauldwell, 2004).

1.3 SELOUS GAME RESERVE

At 47,500knf the Selous Game Reserve is larger than Switzerlendrigins date
back to the German colonial period, when a smabtmee was gazetted in 1896, in part of
today’'s Game Reserve, making it Africa’s oldestigeted area (Baldus, 2009). By 1912, the
number of reserves in the area had increased to fiter the First World War, mainland
Tanzania (Tanganyika) became a League of Natiordataradministered by the British. In
1922, the British colonial government joined thesserves together and the resulting area
was named the Selous Game Reserve in memory cai@dpederick Courtney Selous, an
early naturalist, hunter and author, who was shtheé area during the First World War (see
Millais, 2006). The driving force behind setting the Reserve was the protection of the
wildlife in the area from hunters (both local andrist), reducing levels of human-wildlife
conflict (particularly with elephants) by movinggme away from wildlife, and moving
people to areas without trypanosomiasis-carryiatsesflies (National Archives, Dar es
Salaam).
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During the 1920s, tourist hunters were given gameruotas (e.g. 268 animals of 39
species), which they could shoot in any aareeptthe Game Reserves (Baldus & Cauldwell,
2004). During the 1930s and 1940s, tourist huntrag established as a viable industry, and
continued to grow during the 1950s. After Tanzanredependence in 1961, the Selous
Game Reserve was opened to tourist hunting fofidtetime in 1965. The Selous was
divided into 47 hunting blocks in the 1960s, sitieen there has been numerous boundary
adjustments, and it is only recently that geogragbbrdinates for the outer boundaries and
hunting block boundaries have been traced on stdridpographic maps (Cauldwell, 2004).

Baldus and Cauldwell (2004) provide a detailed aotof the tourist hunting in
Tanzania between 1970 and 2003, and a summargliglad here. In a bid to nationalize the
tourist hunting industry, a complete ban on tounigtting was introduced in 1973. In 1978,
under control of the newly formed Tanzania Wildi@erporation (TAWICO), a government
parastatal, tourist hunting was allowed again. Ehav, due to the limited capacity of
TAWICO, and the dire economic climate in Tanzanighie early 1980s it was difficult for
outfitters to operate in the remote hunting blodksl988, corruption and incompetent
management by TAWICO was evident, and the manageofdémnting was removed from
TAWICO and placed once again with the Wildlife Qiln. In 1988/89 the Tanzania
Government launched a massive anti-poaching operas a joint exercise between the
Wildlife Division, Tanzania National Parks (TANAPAthe police and the army. As a result
of this action, poaching in Tanzania, particulanyhe Selous Game Reserve was reduced to
comparatively low levels. This is highlighted ileghant population numbers during this
period (see Seige & Baldus, 2000): in 1976, thezeevover 100,000 elephants in Selous; by
1989, there were less than 30,000 elephants doesithing; the population has recovered to
60,000 in 2000. Since 1988 the tourist huntingustd/ has shown substantial growth. A
number of changes were introduced, notably an aserén private sector hunting outfitters
and some funds generated from the wildlife sedtanaelled to local communities. In
addition, the fee structure was overhauled, witatgr funds being retained by the Selous
Game Reserve (since 1994, 50% of fees retainedjveler since 2004, the Selous Game
Reserve has lost this retention scheme; all moneyg tp the central treasury and the Selous
has to apply annually for a budget (Baldus, 2009).

The Selous is internationally designated as a Wdddtage Site. As a large and
inaccessible area infested with tsetse flies am@tiain by poor soils, yet supporting one of

Africa’s largest big game populations, the Seloas theveloped a considerable reputation as
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a tourist hunting destination (Leader-Williams & tktun, 2005). However, since 1988 two
hunting blocks have been set aside for leasesrtacansumptive tourism (i.e. photographic
tourism), in 2003 two more hunting blocks were abittethe photographic area. Currently,
the photographic area comprises four blocks coge2#96 knf or six percent of Selous
Game Reserve. There is some speculation of aefuntio blocks being added to the
photographic area. It has been held as dogmaha&elous is too woody to offer decent
game viewing for photographic tourists, too remand inaccessible to allow for the volumes
of tourists needed to make photographic tourism pagl having a higher volume of visitors
to the area would have a greater negative impath@environment. The solution has
therefore been low volume, high revenue generatingst hunting (Baldus & Cauldwell,
2004; Leader-Williams & Hutton, 2005). Recent gamson between photographic and
hunting tourism suggests that photographic tougsmerates 1.8 times the income of hunting
tourism per unit area, but also has 42 times timebau of tourist per unit area (Cauldwell,
2004). As there has been some desire expressagamd the photographic area, it is valid
to ask whether the various hunting blocks are batiliged in the most effective manner for

conservation and what other management optione trer

Between 1987 and 2003, GTZ (German Development Wethed rehabilitate Selous
Game Reserve through the Selous Conservation P(§E®). It is now seven years since
that project ended, and there is a pervasive muatdthings are getting worse in Selous
again. For example, casual labourers (e.g. pdmplding/maintaining the roads) had not
been paid for five months in 2009; rangers had oatgived a fraction of their salaries for
this period; and, rangers had not received thgintrallowances for patrols, so patrols were
no longer going out (or there was no money to sugi@ patrols with food and equipment).
The Selous has also been shown to be the soureearit shipments of ivory seized in the
Far East (Wasset al, 2009).
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1.4 LIONS

1.4.1 Nomenclature, Conservation Status and Disbution

Family: Felidae

Genus: Panthera

Species: leo

Common Names: African Lion (English); Lion d’AfriguFrench); Ledn

(Spanish); Simba (Kiswabhili)

Conservation Status: Vulnerable; VU C2a(i) (Catctest Group, 2001)

The lion formerly ranged throughout much of AfricaSouth-West Asia.
Populations in Asian countries disappeared withenlast 150 years; a small relict population
(300 individuals) remains in the Gir Forest, In(howell and Jackson, 1996). The lion has a
broad habitat tolerance, absent only from tropiaadforest and the interior of the Sahara
desert (Nowell and Jackson, 1996). One hundresyago, lions were found in all suitable
habitats in Africa south of the Sahara (Africanii.Morking Group, 2004). Now, lions are
increasingly rare outside of protected areas, witkeclining population due to reductions in
their prey base and habitat, and persecutions tmaha (Nowell and Jackson, 1996). East
and Southern Africa are home to the majority ofd¢betinent’s lions, with Tanzania
supporting between half and a quarter of the wentdmaining free-ranging lions (Bauer &
Merve, 2004; Chardonnet, 2002).

The African lion is listed under Appendix Il of ti@onvention on International Trade
in Endangered Species of Wild Fauna and Flora (S)THE.ack of data on lion populations
was used in the recent effort to upgrade the African from Appendix Il to | at CITES; the
following statement is of relevance to this stutilye fact that the largest population of free-
ranging African lions in Tanzania, that in the Ssldsame Reserve, has not been the subject
of recent direct population survey and populatistineate is of concern” (CITES CoP 13
Prop. 6, 2004).
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1.4.2 Lion Ecology

The lion is the only social member of the big ¢ata/hich related females band
together in prides (Schaller, 1972). Lion prides tarritorial; they defend exclusive
territories against other prides and often occiygysame range over several generations
(Schaller, 1972). A pride comprises an average®t@ated females (range 1-18), their
dependent cubs, sub-adults and a resident coatifiér6 males (Schaller, 1972; Bygett
al., 1979; Packeet al, 1990). Cubs of either sex are totally dependartheir mothers for
food and protection till two years of age and fezsgdroduce their first litter at around four
years of age (Packer & Pusey, 1987); while malexansidered sexually mature by three
and half years old (although studies from woodlhabitat have shown that lions may not
become resident in prides, and therefore sexuetlyeaatill they are five years old; Funston,
2003). Hence, in this study females and malesaegorized as cubs till age two and as
adults from then on.

The diet of the African lion constitutes a broadge of prey species that vary
between habitats depending on the most commoncaatlyt available prey species. Medium
(100-300kg) to large (average +400kg) prey is tlostrpreferred range of species (Hayward
& Kerley, 2005). Individual lions in a pride hucoperatively. Cooperative hunting was
originally proposed as an evolutionary force fociabliving in lions (Schaller, 1972).
However, work since then has shown that foragiggirements were not sufficient to
explain the observed grouping pattern seen in l{Pagskeret al, 1990); instead, it is
suggested that lions grouped to protect their yagainst infanticide. The need to maintain
territory and females’ reproductive success pastathstrongly influenced lion grouping
behaviour. The most recent analysis of group liand territoriality in lions suggest that
habitat heterogeneity could have enhanced the goolaf territoriality in lions because, as
resource despots, larger prides out-compete snuadkes over high quality resource patches
(Mosser & Packer, 2009).

Cohorts of young males leave their natal pridentetea nomadic phase of life as a
coalition before sexual maturity. A new male ctat gain residence in a new pride by
evicting the existing coalition (Bygodt al, 1979), and evicts or kills any cub less than two
years old (Packer & Pusey, 1983). While male coalit may comprise siblings or closely
related males, unrelated male companions may atso ¢oalitions, and larger male

coalitions have a higher per-capita reproductivacsss (Bygotet al, 1979; Packer & Pusey,
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1982). Males engage in territorial patrols andedeé of their cubs. Therefore, male
presence is crucial for cub survival and successftruitment of offspring. A coalition on
average retains residence in a pride for at l@astyears, enough time to successfully raise
their young; frequent replacement of resident ma¢e®rely depress cub recruitment, and
could have cascading effects leading to the ovpmdulation decline (Whitmaet al, 2004;
Loveridgeet al, 2007).

1.4.3 Lions in Selous Game Reserve and Tanzania

The management of hunting in Selous Game Rese@R)& driven by a quota
system, whereby each hunting block is allocatedaagof animals to hunt. Project
Managers, as Chief Park Wardens are known, suggesas for Game Reserves, with aerial
survey data (where available) and recommendatians hunting outfitters and professional
hunters taken into account (Severre, 1996). Tiserencern by many people that the lion
guota are too high; in SGR on average only 52%e{ibn quotas have been used since 1996
(Baldus & Cauldwell, 2004). Baldus (2004) alsdestdan his study of lion conservation in
Tanzania, “more practical lion research and momitpis needed in Tanzania including lion

numbers, illegal killings, human-lion conflict ahdnting of lions.”

Lion population numbers are difficult to estimatearately. The current estimate for
free-ranging lions in the world is only 16,500 @ @00, with estimates for Tanzania ranging
from 7000 to 18000 (Bauer & Merve, 2004; Chardong@02). The SGR and surrounding
buffer zone (Selous ecosystem) may potentially tlmddargest single population of lions in
Africa. However, these numbers are largely basethest guesses.” A more accurate
estimate of lion numbers is clearly needed, buhewere urgent is a detailed study on the
impact of human activity on lion population trend&ophy hunting occurs in SGR, and the

reserve is surrounded by a rapidly growing humgvugadion.

Lions have been intensively studied in the Seremgional Park, Tanzania for 40
years (Schaller, 1972; Packer & Pusey, 1983; Paatkadr 1988; Scheel & Packer, 1995,
Packeret al, 2005). Increasingly the focus of lion researah heen on conservation outside
National Parks (Woodroffe & Frank, 2005; Hemsom)4£)) as large carnivores inspire local
opposition to conservation due to detrimental inipaa livestock and human safety
(Wilson, 2004). Recent studies in Tanzania hidtligat over 563 human fatalities occurred

17



between 1989 and 2004 from lion attacks; of whied thirds occurred in districts
neighbouring SGR (Packet al, 2005b). There has only been limited study ofSk&us
lions: a 1974 study of lion populations in east8@®R (Rodgers, 1974), a study in 1992 of
lion density in relation to hunting quotas and waiike (Creel & Creel, 1997), and a 1999
study in northern Selous (Spong, 2002; Speinal.,2002) serve as useful baseline studies.

Rodgers (1974) combined three methods to estinmatalensity in eastern SGR
(Kingupira) to get a density of 0.08 adult lions kmwhile the two other studies in northern
Selous (Matambwe) had densities of 0.13 adult$ k@reel & Creel, 1997) and 0.16
individuals km?® (Spong, 2002). Higher prey densities in the rritSelous are thought to
account for the difference in densities (Creel &€}y 1997). The 1992 study of lion
densities in relation to off-take concluded thatrist hunting took between 2.7% and 4.3% of
the adult male population annually, and therefoas suggested as being sustainable;
however, this only accounted for 28% of the anmuaiting quota, and full utilization of the
hunting quota would not be sustainable (Creel &Cr&997). Furthermore, studies of space
use by lions in northern Selous (Matambwe) havevshibat lions show a significant
preference for riverine and short-grass habitat,asignificant avoidance of acacia
woodland, which reflects prey abundance in eadh@habitats (Spong, 2002). These prides
had a mean core area (50% of the time) of 11.Bkn&.(mean + SD), and a mean home-
range (90% of the time) of 52.4 + 26.3k(Bpong, 2002). However, recent work in
Serengeti suggests that on the broad scale lioftedtheir ranges according to seasonal
movement of prey, but on a finer scale lions fedneas with high prey ‘catchability’ (i.e.
ambush zones; e.g. erosion embankments, pointxegato water, and woodland edges)
rather than high prey density (Hopcraftal, 2005). Current work in Serengeti using 40
years of data shows that although the pride ocogpgn area may change, areas that support
large numbers of lions will continue to supporgenumbers of lions; furthermore, there are
hotspot areas for lion reproductive success (feasawith significantly more cubs being born

and surviving to adulthood; Mosser, 2008).
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1.5 OUTLINE OF THESIS

The thesis explores resource use as tool in coaseny by looking at whether the
trophy hunting of lions is sustainable in Selousn@&Reserve (SGR), Tanzania. Firstly,
Chapter 2 explores the possibility of monitoring tton population in SGR by comparing the
results of several census techniques. The resiuitsn population monitoring are used to
explain lion distribution and ecology under ‘natucanditions where there is no trophy
hunting in Chapter 3. Data collected during thigjgct have been used to show that trophy
hunting in Tanzania has had a negative impactangdobpulations (Packet al, 2009;

Packeret al, 2010; see Appendix 14). Therefore in Chapteifférént methods are used to
suggest a more sustainable lion trophy huntingajtmtSGR, and the main drivers for
unsustainable lion trophy hunting in SGR are exgadddn Chapter 5. In Chapter 6, the thesis
explores the attitudes and perceptions in TanZg@miaugh newspapers) and in SGR (through
guestionnaires and interviews) to lion trophy hogtias it is these attitudes that will largely
determine the long-term success of the conservafitime African lion. The sustainability of
lion trophy hunting in SGR and the potential comagon outcomes of these practices are the
focus of my study. The thesis is presented adlaction of separate manuscripts and these

are then discussed in general in Chapter 7.

Furthermore, other publications related to thisthare listed below, and can be found in
Appendix 14. My contribution to the publicatiorssdescribed on the next page.

Appendix 14.a: Packer, C., Kosmala, M., Cooley,.HB8ink, H., Pintea, L., Garshelis, D.,
Purchase, G., Strauss, M., Swanson, A., Baime&i@ter, L. & Nowell, K. (2009) Sport
Hunting, Predator Control and Conservation of Latgenivores. PLoS Ong(6). e5941.

Appendix 14.b: Packer, C., Brink, H., Kissui, B.NMaliti, H., Kushnir, H., & Caro, T.
(2010) Effects of trophy hunting on lion and legpaopulations in Tanzani@onservation
Biology. In Press. (Should be published in 2011 in Vol@bePages 142-153).
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My contribution to the published papers in AppentH4 is as follows. | had a limited
contribution to Appendix 14.a (Packetral, 2009) by providing data on lion and leopard
(Panthera pardustrophy hunting from Tanzania, although the analgé these data helped
highlight some of the population trends in these species. The paper (Packtal, 2009)
looks at sport or trophy hunting of lion and leapacross Africa, and American black bears
(Ursus americanysand cougarsHelis concoloj in North America; and concludes that
infanticidal species and areas with the highesttdpmting intensity were more susceptible
to population declines. On the other hand, my douation to Appendix 14.b (Packet al,
2010) was pivotal. | collated the bulk of the hagtdata, provided and collected some of the
lion population data, helped analyse the data hehgked write the paper. Appendix 14.b
looks at the effects of trophy hunting on lion &opard populations in Tanzania. These
effects are negative for lions and less clear @ulgopard.

20



2

Monitoring Lions in Selous Game Reserve.
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2.1 ABSTRACT

The Selous Game Reserve in Tanzania probably canédrica’s largest population
of lions (Panthera le®, making it a popular destination for trophy huatand tourists.
However, there is a lack of recent data on this population, and therefore a range of
information was collected between 2006 and 2008dtiress this problem. In August 2009,
there were 112 lions in an 800 kstudy area in the photographic tourism part cbG&|
giving a density of 0.14 lions Kfor 1 lion 7 kn¥. The overall density has remained
relatively constant over the three years of thislgtand as far back as 1997. However, the
adult sex ratio has decreased from 1 male : 1.alem 1997 to 1 male : 3 females in 2009.
Audio call-ups of buffalo distress calls were usedarry out rapid census of lions in three
hunting sectors of Selous in the west, south asticddhe reserve, and one photographic area
in the north. Estimated lion adult densities edrirom 0.02 to 0.10 ki the northern and
western areas had a higher density of adults. ibhepbpulation in Selous is estimated at
4300, with a range 1700-6900. This chapter steebmeneed to calibrate the results of call-

ups and the importance of long term projects foasneing population trends.
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2.2 INTRODUCTION

Adaptive management and conservation of naturaystems requires effective
monitoring of biodiversity, including regular suggeof wildlife abundance. Such surveys
should both use cost-effective and efficient teghas, while also generating reliable
estimates that can detect temporal and spatialdrenwildlife abundance (Danielsenal,
2009). These surveys are particularly importantwimanaging an exploited species, as this
increases the risk of reducing population sizeetels at which exploitation is economically,
or in extreme cases, biologically unviable (Ada2@04; Milner-Gullanckt al, 2009). This
situation is exemplified by the African lioP#énthera led, as the trophy hunting of this
species provides an important source of revenuseeeral conservation agencies seeking to
fund their activities through sustainable utilisatiHowever, this species is particularly
vulnerable to over-harvesting because infanticigexira-group males is common (Whitman
et al.,2004; Carcet al, 2009; Packeet al. 2009).

Perhaps the most important example of this needsdrom the Selous Game
Reserve (SGR), Tanzania, which contains the cogntaiggest population of lions and where
trophy hunting is the main source of conservatimome (Baldus, 2004). Despite its
importance for lion conservation, the populatios hat been surveyed recently and this has
created a number of issues that relate to theryofithis species. For example, lack of data
on lion populations informed recent efforts to igi-the African lion from Appendix Il to
Appendix | of the Convention on International Tradé&ndangered Species of Wild Fauna
and Flora (CITES). More specifically, it was argu#tht the largest population of free-
ranging African lions in Tanzania, that in the Ssldsame Reserve, has not been the subject
of recent direct population survey and populatistineate is of concern” (CITES CoP 13
Prop. 6, 2004). This is because there have only theee studies of lions in the Selous, one
in the 1970s and two in the 1990s (Rodgers, 197del@. Creel, 1997; Spong, 2002). Here,
a study is described that addresses this probleprdwding new data on the population

status of lions in SGR.

Various methods have been used to count lions, asicbar counts (Rodgers, 1974),
mark-resighting (Smuts, 1976), spoor transectatia 1998), call-ups (Ogutu & Dublin,
1998), and individual identification (PennycuickRudnai, 1970). Individual identification
has been the preferred method for long-term reBgajects on lions (Schaller, 1972;
Packeret al, 2005a). However, individual identification maythe feasible when population
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estimates are required over large areas and/oresaed quickly, for example to set hunting
guotas or understand human-wildlife conflict pattefLichtenfeld, 2005). To this end, a
number of indirect measures have been developestitmate relative lion abundances and
the current preferred indirect method in East A call-ups or playback response surveys
(Ogutuet al.,2005; Whitmaret al, 2006; Kiffneret al.,2009). Therefore, in this study
individual identification is used in a section d&B and this is combined with call-up surveys
to determine: (i) lion population trends basedmaividual identification from a study
population that has been intensively studied fr@&7:1999 and again from 2006-2009; (ii)

if a rapid assessment of the Selous’ hunted ligrufadion using call-ups provides

meaningful results.

2.3 METHODS
2.3.1 Study area:

Covering 47,500k SGR is one of Africa’s largest protected area, supports one
of six remaining populations of >1000 African lioassd may support the largest lion
population in Africa (Bauer & Merve, 2004). The B@ internationally designated as a
World Heritage Site. As a large and inaccessilda infested with tsetse flies and underlain
by poor soils, yet supporting one of Africa’s lasgbig game populations, the SGR has
developed a considerable reputation as a premiogphyrhunting destination (Leader-
Williams & Hutton, 2005; Baldus, 2009). For thisasen, the SGR was originally sub-
divided into 47 hunting blocks in the 1960s (Leadéliams et al, 1996). More recently
four northern blocks, covering six percent of SG&ye been set aside for photographic
tourism, while the remainder continue as trophytimgnconcessions (Figure 2.1). Within
800 knf of this photographic area of the Matambwe sectowirthern SGR, latitude 7°35'S,
longitude 38°10’E, an intensive study of lions tqéce from 2006-2009 (marked Study
Area in Figure 2.1). A similar survey had takeagd in the same area from 1997 to 1999
(Creel & Creel, 1997, Sporgg al, 2002). The intensive study area comprises a ino$a
wooded savanna, miombo aBdmbretunthickets. Four other areas of roughly 108km

were less intensively surveyed using call-ups id®20narked Call-up Areas in Figure 2.1).
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Figure 2.1: The Selous Game Reserve, showing the main studyaauet location of call-ups
areas. Blocks were predominantly delineated irl®&0s and reflect topographic features,
especially rivers. Accurate GIS layers of SGR b$oake only recently available (Cauldwell,
2004).

2.3.2 Monitoring lions:

An intensive search of lions was conducted on by thaisis (except during the rainy
season of April to May) in the Matambwe study atedividual photographic identification
cards were produced for each lion using: whisket pptterns; nose scars and colour; tongue
rips; tooth breakage and wear; body size, and #mr oelevant identification features
(Pennycuick & Rudnai, 1970; see Appendix 1). Lians the most social species among large

felids and cubs of either sex are totally dependartheir mothers for food and protection
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until 2-years of age (Schaller, 1972), so aninfads ere two years old or less were

categorized as cubs and any older animal as ah adul

Two adult females were each fitted with a VHF rachdar from 2%' October 2007 to
28" August 2009. One adult female was fitted withRSZollar from 27 February 2008 to
31% August 2008. The GPS collar was set to take tfixes a day, at 1900, 0100 and 0800
hrs and allowed ranging data to be collected dutegvet season for the first time in SGR.
A wildlife veterinarian from Tanzania Wildlife Rese&h Institute or Sokoine University of
Agriculture was present at every darting to fir@move collars. Anaesthesia was induced for
around an hour by 300mg of Ketamine and 8mg of Medrline. Anaesthesia was reversed
using 40mg of Atipamezole, and all lions were ugd aroving within one hour of the reversal
of the immobilization drugs. A previous study3GR suggested that 60 independent GPS
fixes, with at least 24 hours between fixes, wareassary (Spong, 2002) to accurately
predict territory size. However, recent work in &egeti suggests that 15 data points
collected over a two year period would give a fartcurate representation by providing a
93% overlap with the pride’s actual territory (Mes#& Packer, 2009); both types of data are
presented in the results section (Table 2.4).

2.3.3 Call-up surveys

Buffalo (Syncerus caff@distress calls are known to attract lions (Kiffeg¢rl. 2007),
so a recording of these calls lasting four minated 20 seconds was played from 0600 to
0800 hrs, and from 1700 to 2000 hrs at call-upsiigring 2009. An MP3 Player was used to
play recordings at full volume four times in evédy minutes with a six minute period of
silence between playbacks. The MP3 player washathto a 12-volt FA2 (HiVi Inc)
amplifier and two 8-ohm speakers (SRX-220, Ahugajrig opposite directions from each
other and mounted on the roof of the vehicle, aBoutbove the ground. Call-up sites
(within the four Call-up Areas; A-D; Figure 2.1) meespaced at least 3km from each other.
At each call-up site the following information waesorded: the start and end time; GPS co-
ordinates; habitat; and the presence of any incgiioms; spotted hyen&(ocuta crocuta
and wild dog Lycaon pictus As soon as the lions approached the car, thdatk was
stopped to prevent future habituation.
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Call-ups have limitations as a sampling technigif@iman, 2006), including: (i)
male lions are more likely to respond than femdi@sjistance to the speaker is important,
and (iii) response is sensitive to the locatiothef speaker within the pride’s territory.
Therefore, it is important to calibrate the tecluagprior to sampling. Consequently, 14
calibration experiments were carried out to 13 s\a?d females, and 25 cubs, where the
distance from the lion to the speaker was variedoenly from 500 m to 1500 m. The
distance was restricted to 1500 m because respamsenot forthcoming from further than
this in three trial runs at distances of 3000 nd@®8&, and 2000 m. Only at 1500 m did the
lion look in the direction of the speaker and bagioving towards it. Therefore the effective
response radius was 1.5 km for lions in SGR, edgitdo sampling an area of 7.065%m

( r?) at each call-up site.
2.3.4 Data analysis:

ArcGIS 9.3 (ESRI) GIS software was used to map distributions and Hawth'’s
tools ArcGIS extension to calculate territory abased on the adaptive kernel method
(Beyer, 2004). The 50% contour was defined as dhe af the territory and the 90% contour
as the outer boundary of the territory (as use8gyng, 2002). SPSS for Windows (version
17.0, SPSS Inc.) statistical package was usedity cat tests to determine whether pride
territory size based on >60 fixes had changed sanm@vious study from 1996-1999 (Spong,
2002) and investigate lion ranging behaviour. &bwal density of lions was estimated from
the call-up surveys by first calculating the taeta sampled in each of the four call-up areas

by multiplying the number of sites by the estimasachpling area of 7.065 Km

2.4 RESULTS

2.4.1 Lion density from individual recognition:

Over 40,000 km were driven in search of lions, amer 2079 sightings were made of
162 different individual lions, from 2006 to 200®1total of 112 individually recognised lions
were present in the 800 Krimtensive study site in the Matambwe sector in #si009,
equivalent to a density of 0.14 lions Kpor one lion 7 kif. Although deaths, births and
movements of lions into and out of the intensivwalgtsite occurred during the study, their

total density remained relatively constant at 0idds kni®. Estimates of lion abundance in
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the same area from 1997 to 1999 (Table 2.1) redosuheilar densities to those found from
2006-2009 (Figure 2.2). An even earlier study lbgeC& Creel (1997) undertaken from
1991-1993 focused on a much smaller area of onkn¥near Lake Manze (see Figure 2.3),

and recorded very high lion densities. Some 2sliincluding 13 cubs were seen in 90°km

giving a density of 0.13 adults khor a total density of 0.28 Kf This small area still

supports similarly high lion densities, where tegitories of three prides currently overlap,

although this 90 kfmonly forms a part of each of their territoriesedpite the overall lion

population in the Matambwe Sector of Selous remainelatively constant from 1997 to

2009, it is of concern that two of the three li@aflared by the project were lost and their

collars subsequently found in villages bordering $ector (see Appendix 2 for detailed

discussion).

Table 2.1: Number of individuals in different prides in Matamd sector of SGR from1997-

2009. Data from 1997-1999 derived from Creel &$p(1997) and Sporgg al. (2002).

Where appropriate, pride names have been chandedilitate comparison. For example, in
1997 to 1999, the Manze pride was called the Shopigde.

1997 199¢ 200¢ 2007 200¢ 200¢

Pride Adult Cub |Adult Cub [Adult Cub |Adult Cub [Adult Cub A dult Cub
Beho Beho 6 7 8 9 4 10 3 9 3 7 10 -
Beho Beho Il 4 2 3 7 3 6
Beho - Subs 3 - 3 - - -
Beho -(sponG) 4 0 5 2
Central 8 0 4 0 11 4 15 ? 10 ? 10 2
Central Ndgo 2 0 3 0 3 0 3 ? 3 ?
Fuga 3 0 3 0 3 ? 3 ?
Manze 10 3 9 4 6* 6 6* 5 10* 1 6* 4
Marsh 7 2 5 1 5 0 5 0
Matambwe 4 1 4 5 3 5 3 7
Mbuyuni 3 1 3 1 - - - - - - - -
Mwana
Mungu 2 ? 2 5 2 2 4 -
Mzizimia 7 2 5 4 6 0 4 0 5 5 5 7
Siwandu 3 2 3 5 1 0 1 0 - -
Nzerakera 9 12 9 11 5 0 5 3 5 8 4 8
Old Airstrip 4 0 3 3 6 0 4 5 4 5
Sand Rivers 6 7 7 5 4 ? 4 1 5 ? 5 ?
Tagalala/Kiba 5 0 2 0 1 0 1 0 1 0
NOMADS 4 2 3 - 2 - 5 - 9 -
TOTAL 57 32 64 38 66 31 71 31 71 4( 75 3

Total 89 Total 102 Total 97 Total 102 Total 111 Tal 112
AREA
(km2) 650 650 800 800 800 800

*In 2006-2009 data, males of Beho Beho and Mwana Mgu are included in Manze pride.
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Figure 2.2: Lion population density in Matambwe sector of SGRrdime.

The mean number of adults per pride was 4.9 +fe€hf + standard deviation
throughout the chapter), and the mean number o wals 3.4 + 0.9. The breakdown of the
population in terms of adult males, adult femades] cubs shows that males made up on
average 31 percent of the adult population (Tal2¢ ZThe largest male coalition recorded in
the study area was five individuals, out of 40 itmads of males the mean size was 1.7 £ 1.5.
Female pride size was 3.3 = 1.36 individuals (r9¥With a range from 1-7 adult females.
Table 2.2 also highlights the decrease in maldésrtales in the adult sex ratio between 1997
and 2009. Of 61 cubs born between 2007 and 2@@ge?e male, 31 were female and five

were unknown.

Table 2.2: Composition of the lion population in the Matambseztor of SGR by age and
sex class from 1997 to 2009. Adults are over twar yid, cubs up to two years.

Year % Adult female % Adult Male % Cub Adult Sex Ratio
M:F
1997 36.0 28.1 36.0 1:1.28
1999 45.3 18.9 35.8 1:2.40
2007 48.0 21.6 30.4 1:2.23
2009 50.4 16.8 32.7 1:3.00
Average 449 + 6.3 21.3+4.9 33.7+27 -
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2.4.2 Ranging patterns and pride territories:

The GPS collar showed that lion movement on a debis was highly variable,
ranging from 6677 m in six hours to under 20 m4rhdurs. The majority of movement was
at night and the least amount of movement was duhea day, with a mean movement of
3600 m £ 2277 in 24 hours, and that there was significantly mavement on moonless
nights than on full moon nights (see Table 2.3 Apdendix 3; ANOVA,F(1,183)=21.26,
P<.01).

Table 2.3:Lion movement patterns (GPS collar; Old Airstrijpde).

Period Mean Distance Moved (m) + SD
19:00 — 01:00 1675 1456
01:00 - 08:00 1085 1133
08:00 — 19:00 977 738
Moon Phase = Mean Distance Moved (m) + SD

No Moon 4402 2444
Quarter Moon 4351 2603
Half Moon 3842 2239
Three Quarter 2944 1793
Full Moon 2231 1328

The GPS fixes of the lion sightings allowed theiritories to be plotted, the centre
point of the pride territories is shown in Figur8,2vhere it can be seen most of the
territories are centred near the lakes and rivexr seen from Table 2.4, the mean core area
comprising the inner 50% of all fixes, or the aneast intensively used by a pride, was
relatively small at 12.7 + 6.4 Km The entire territory of a pride, comprising 8G%
boundary, covered a mean area of 48.5 + 112 Krhis core area covered an average of 25
+ 0.06% of the entire territory. Prides living néae lakes showed a higher degree of
territory overlap than prides living away from tla&es. In one case, the high level of
overlap between prides arose because prides hauthesplit from each other and were
closely related. Comparison of pride territorie$vieen this study and the earlier study with
>60 fixes (1997-1999; Spong, 2002) shows no sigaifi difference (two sampled t(8)=-
317, p=.76). My study had a 50% core area of kéh7for prides with >60 fixes, compared
to 11.7 knfin the previous Spong study. The 90% core areas ®lso similar; 48.4 kfmow
and 52.4 krhthen. However, the exclusiveness of core pridasaveas higher in my study
(81%), than in the previous study (52 %); howetles, results were not significant (two
sample t(8)=1.749, p=.12). All of the focal psdeith >60 GPS fixes in the previous study

were from the high-density area around the lakes.
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Table 2.4:Descriptive statistics of lion territories in Mathwe sector of SGR from 2006-

2009. Prides with more than 60 fixesbiold type. Mean values calculated from figures in
bold.

Pride Fixes Area (kM) Proportion Exclusive Core area accounts
50%  90% 50% 90% for % of total
Matambwe 99 9.4 41.3 1.00 1.00 0.23
Marsh 70 17.6 62.4 1.00 1.00 0.28
Nzerakera 61 7.0 46.2 0.81 0.71 0.15
Manze 65 8.2 35.1 0.48 0.36 0.23
Old Airstrip 559 21.4 56.8 1.00 0.97 0.38
Beho Beho 19 9.6 46.2 0.04 0.21 0.21
Mzizimia 18 7.7 37.9 1.00 0.88 0.20
Mwana Mungu 15 6.7 23.0 0.32 0.27 0.29
Mean 12.7 48.5 0.25

Figure 2.3: Centre point of pride territories of lions in Mathwe sector of SGR from 2006-
2009.
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2.4.3 Call-up surveys:

During the 14 trials to calibrate call-ups, 77%nwdles (n = 10), 63% of females (n =
15), and 8% of cubs (n = 2) responded within themi@ute period. Consequently, call-ups
only appear an effective tool to sample adults ciishowed an average response probability
of 0.73 £ 0.58. Lions either responded as a groupet at all, leading to large standard
deviations. The results of call-ups played infthe call-up areas in Selous show that more
lions responded in the north and west and more dalgs were seen in areas with less lions
(Table 2.5).

Table 2.5:Results of the call-ups carried out in differenttpaf SGR

Sector* Block Dates No.of Lion Hyena WildDog Habitaf
Call-ups seen seen seen

Kingupira LL1  26/01-02/02/09 21 2 26 21 Cl wd*
(A)

Matambwe Z1 12/02-17/02/09 20 9 18 4 Cl wd*
(B)

Msolwa K4/5 21/06-25/06/09 12 6 17 0 wd Gr R
(©)

llonga LU2 28/06-02/07/09 12 3 7 8 Op Wd R
(D)

Sector* on Figure 2.1: Kingupira is the eastern most call-up ar&gtambwe is the northern mosttonga the
southernmost; anillsolwa is the remaining site in a central/western logatidlabitat+ are following habitat
categories: CL wd*is closed woodland with grassland clearingsl Gr R is wooded grassland by river, and
Op Wd R is open woodland by river.

Comparisons between different areas of SGR redjugrelensity of lions in each area.
There was an effective response radius of 1.5 krfidos, equivalent to sampling an area of
7.065 knf ( r?) at each call-up site. A total of 21 call-up siteere used at Kingupira,
equivalent to a total sample area of 148 k&1 x 7.065). If two lions were seen, this would
be equivalent to a density of 0.01 lions peFKen/148). Given that not all lions responded
to the call up, the density of the area was dividgthe response probability (e.g. 0.01/0.73
for Kingupira) giving the estimated density of aea On this basis, the Msolwa call-up site
recorded the highest density of lions, while thadCipira area recorded the lowest density
(Table 2.6).

32



Table 2.6:Lion densities (kif) in different areas of SGR based on call-up data.

Sector Number of Area Sampled Numberof  Adult Density Density with
Call-ups Lions Seen in Sample Area response
(lion km™) probability
Kingupira 21 148.365 2 0.01 0.02
Msolwa 12 84.78 6 0.07 0.10
llonga 12 84.78 3 0.04 0.05
Matambwe 20 141.3 9 0.06 0.09

This call-up study sampled 459 kior <1% of the total area of SGR (47500%km
The density of lions in the area sampled was Odbi éions km?, or 0.06 adult lions kifif
the response probability is taken into accounts Twould be equivalent to a total population
of ~2850 adult lions in Selous. If the proportmincubs (Table 2.2) is taken into account,
this suggests a total population of ~4300 individieas. Using the standard deviation of the
estimated lion density (i.e. density with respopsmbability) gave a total population that
ranged between 1700 and 6900 individuals.

2.5 DISCUSSION

The importance of the Selous Game Reserve’s liguilation is recognised by
conservationists and trophy hunters alike, andhetetis an obvious need for up-to-date lion
population data for this protected area. This stuay successfully helped fill this gap by
updating information of their demography and popatastatus. This was achieved by using
both individual recognition surveys in an intensstedy area and call-up surveys over a
more extensive area, providing updated data onitiEnef lions and allowing an estimate of
lion numbers for SGR. This final population estieatill help guide decisions about trophy
hunting within the reserve but also has wider iggdions when it comes to deliberations
about the CITES listings of lions. Therefore, irstbection these results will be discussed in
more detail and the relevant context provided shauld be considered when using this

population data to make decisions.

The total number of lions in SGR is ~4300 indivilduaased on estimates of lion
density derived from call up surveys, with a ran§&700 to 6900 individuals. Although
these density figures are important, they shouldi®eed with caution because they can be
influenced by a number of factors. For exampleyjmus studies have shown that the
response probability of lions clearly falls wittstiince and stress the importance of
calibrating results (Whitmaet al, 2006). This is why extensive calibrating data was

collected here, but it is worth noting that if lesponse radius was increased to 2.5 km (in
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Ogutu & Dublin, 1998) or 3.5 km (in Kiffneat al, 2009), then the SGR lion density values
would drop from 0.06 adult lions Kmto 0.02 or 0.01 adult lions kiHowever, a
comparison between density estimates from the i@l recognition survey and the call-up
survey of the Matambwe sector (Area B, Figure 8w similar results, which provides

support for the value of the SGR population esttmat

This means that call-up surveys offer the potemti@ompare relative abundances
over a large area over a relatively short timas afustrated by this survey which consisted
of one month of fieldwork. The results suggest thatMoslwa and Matambwe sectors have
higher lion densities than the Kingupira and llosgators (Figure 2.1; Table 2.6). The lion
densities recorded in the call-ups follow the patt&f prey distribution, as the north and
northwest have higher densities of prey species@MV1998; Careet al.,2009), and
explains why the northern and western hunting Idaale considerably smaller than the
southern and eastern blocks (B. Nicholson in Magten, 1981). It is also of interest that
more wild dogs were sighted in the areas wherelifevg were seen, supporting suggestions
of competition between the two species (Creel &CrEQ96; Creeét al, 2001).

It is useful from a management prospective to compae Selous study population
with other well studied lion populations acrossiédr(See Appendix 4 for comparison). The
Selous lion densities are lower than the 0.2-@8slikni” recorded in the Kenya’s Masai
Mara (Ogutu & Dublin, 1998) or the 0.3 lions Krmecorded in Tanzania’s Ngorongoro
Crater (Kissukt al, 2010), but similar to the 0.1 adults Kmecorded in South Africa’s
Kruger National Park (Funstat al.,2003). However, it should be noted that lion deesi
vary temporally and spatially. For example, the &6 Ngorongoro Crater has varied from
0.04 to 0.40 lions ki from 1963 to 2003 (Kissui & Packer, 2004). Sinfifastudies from
an area of 2500 kfin the Serengeti have shown that lion density liaatvaried over time
(Packeret al.,2005a) and is also habitat dependent, with aduisities varying from 0.03—
0.06 kni? in the short grass plains to 0.2-0.3kin woodland edge habitats by rivers
(Mosseret al, 2009). Compared to the Serengeti study populatitnSelous has smaller
prides of 3.3 + 1.36 adult females (4.64 £ 0.18tddmales in Serengeti; Mosser & Packer,
2009) in smaller territories of 48.5 + 11.2 k(86 knf with a range of 15-219 knin
Serengeti; Mosser & Packer, 2009). The largestadey in the Selous study area was 62
km?. This study recorded wet season lion ranging ftatthe first time for Selous. Other
studies have in general used 2500 — 3000 m aseaageydaily distance moved for lions
(Creelet al, 2001; Mosser & Packer, 2009), however, this sty an average daily
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movement of 3600 m = 2271 m. As a nocturnal aniih& not surprising the Selous lions

moved most between 19:00 — 01:00 and on nightswatimoon.

The intensively studied area in Matambwe suppaateatal lion density of 0.14 ki
in 2009, and these densities appear to have chdmigeedince 1997, which initially suggests
that lions are successfully conserved in the redimwever, there is existing evidence that
human-lion conflict is a problem in this area (Beekeret al, 2005b) and anecdotal
evidence that this continues. Moreover, duringrétko-tracking study, two of the three
collared lions were lost and their collars subseatjydound in villages bordering the sector
(See Appendix 2). It could not be established hosvaollars got to their final locations, but
human-lion conflict was recorded in this area dyitime study period; a person was killed by
a lion on " June 2008 and a sub-adult male lion was kille@®8eptember 2008. A further
cause of concern comes from comparisons of theatexof the Matambwe lion population,
which has changed from roughly 1:1.3 in 1997 todlento 3 females in 2009. Such changes
in the sex ratio are often indicative of unsusthieanale trophy hunting (Rodgers, 1974;
Loveridgeet al, 2007), which tie in with recent studies of lisoghy hunting off-take from
SGR showing that hunting decreased by 50% betw@88 and 2008 across Tanzania, with
the steepest declines occurring where hunting st ingensive (Packest al, 2009; Packeet
al., 2010). Thus, managers should consider this bigigture when assessing lion population

density results.

The need for rapid assessments of lion populat®aien driven by political
pressure, such as a response to increased huntiifievabnflict or drops in the number of
trophy lions being shot. However, there is no quiay to collect such data, and long-term
studies will always be needed when studying thegatic carnivores. This requires high
levels and consistent funding and support, whi@tlpdes their widespread application.
These results do show the value of call-up survweligsh are relatively inexpensive,
especially when trying to census shy animals ssdh@se hunted individuals from SGR.
However, the results also show that they shoulddeel in conjunction with a detailed
individual identification project. For examplejstonly through these more intensive studies
that it is known that the Matambwe population femained relatively stable for more than a
decade, but there has been a marked change idultiesax-ratio. This is vital because the
main driver for studying lion populations in Selausnes from concerns over unsustainable
trophy hunting (Rodgers, 1974; Creel & Creel, 1987( therefore continued support for lion

monitoring in SGR is hoped for in the future.
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3

Lion Distribution in northern Selous Game
Reserve
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3.1 ABSTRACT

Studies have used habitat or soil type (or amotirdinfall) as surrogate proxies for
resource availability or measured prey availabfiinectly in the field. Both methods are
used here to determine what factors influence isteilolition of lions Panthera lepin one
of Africa’s largest ecosystem, that of Selous G&aserve (SGR). These methods can then
be combined with anthropogenic variables to allowan accurate measure of factors
influencing lion distribution. The study focused an 800krfi study site in northern Selous.
Lion distribution in northern Selous was best ekydd by lean or dry season prey biomass
(r?=0.33; y=0.0005x + 0.1336). The mean dry seasey lpiomass for the study site was
1436 kg kn', suggesting a lion carrying capacity for the staily of 164 lions (0.21 lions
km™). However, by another method a carrying capatfitynly 104 lions (0.13 lions ki)
was suggested for the same area based on the avenadper of preferred prey species
recorded on prey transects. In August 2009, at [EB2 lions (0.14 lions kif) were
observed in this 800kfrarea of northern SGR. Based on prey transectfieldd
observations of lions on Kills, lions in northerel@is showed a preference for buffalo, zebra,
giraffe and wildebeest and an avoidance of wardnaimpala. However, no relationship
was noted between lion distribution and buffaldsiggs. Environmental and anthropogenic
factors that best explained lion distribution irrthern SGR were distance to the reserve

boundary and villages and soil type of an area.
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3.2 INTRODUCTION

Twenty five percent of extant carnivore speciesthreatened with extinction due to
reductions in their distribution and abundance é§Berg, 2001). Their conservation depends
on the accurate assessment and understandingrodigtebution and abundance to allow for
informed management decisions (Fuller & Siever@1)0The African lion is one such
species, and the Selous Game Reserve (SGR) infliarigane of the lions’ important
strongholds (Baldus, 2004; see also previous chapihile the majority of SGR is open to
lion trophy hunting, a small area (2995Rrn the northern part of the reserve has been set
aside for photographic tourism. The factors driviog distribution in this photographic area

of northern SGR are investigated here.

Lion abundance is correlated with prey abundaneemnanent water, and adequate
denning sites (Hanbst al.,1995); yet due to variations in prey abundancialsie habitats
and levels of human persecution, trying to extraf@lion density estimates between
different areas is potentially meaningless (Schall®72). However, advances in
Geographical Information Systems (GIS) allows farenaccurate mapping of variables
affecting lion densities and should therefore alfowa more accurate prediction of lion
densities in areas not previously sampled for liohiis is especially important in large
areas, where management budgets are restrictexdthescase in SGR. Mathematical models
can be used to quantify the relationship betweegisp’ abundance and environmental
characteristics, and this can then be used togrspécies abundances at unsurveyed
locations; such a technique was used to try andlima@mbundances across Africa, with

varying degrees of success (Loveridge & Canney9200

Many have argued that carnivore densities can @agy several orders of magnitude
within species, but, in natural ecosystems, gelyargflect the abundance of their prey
(Bertram, 1973; Van Orsdel al.,1985; Ogutu & Dublin, 2002; Haywast al, 2007a); and
defined relationships between predator and pregitiethat apply across the order
Carnivora, where 10,000kg of prey supports abolty@d a given carnivore species
(Carbone and Gittleman, 2002). Nonetheless, otire argued that while prey biomass
may be important for lion survival, its effects app secondary to environmental factors in
determining lion demography (Celesibal, 2009); in particular noting that lion density was

positively related to rainfall, soil nutrients aadnual mean temperature. Loveridge &
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Canney ( 2009) took it a step further, and combestitiropogenic and environmental factors

to determine what may contribute to lion occurreaicd population persistence.

Studies have used habitat, soil type or amourdiofall as surrogate proxies for
resource availability or measured prey availabtiinectly in the field. This study uses both
methods to determine what factors best explaimisteibution of lions in one of Africa’s
largest ecosystem, that of SGR, for the first tifieese methods were combined with

anthropogenic variables to build a model to deteention distribution in northern SGR.

3.3 METHODS
3.3.1 Study area:

The Selous Game Reserve (SGR) is divided into d@kislcomprising 47,500 Km
Four blocks (or six percent) of SGR are set asid@hotographic tourism; the rest of SGR
allow resource utilization in the form of trophyrtting (Caroet al, 2009). An 800 krharea
in the photographic blocks of northern SGR, soutii&nzania (latitude 7°35’S, longitude
38°10’E), was the focus of this study from 200@@09. This is the same area intensively
studied from 1995 to 1999 (Creel & Creel, 1997; 18pet al, 2002). The study site
comprises a mosaic of wooded savanna, miombdCamabretunthickets. The dry season
runs from the end of June until October, and thenmany season is normally from March to
May; there are short rains towards the end of #s which are highly variable followed by a
drier spell in January and February (Kibonde, 2009)r this study, data from June to
October represent dry season data and data frorarhloer to March are considered wet
season data. Heavy rains prevented access ttuthesste by car during April and May, and

so no field data is available for this period.
3.3.2 Data collection:

Data were collected between June 2006 and Aug@&. 20 he location of all lion
and buffalo sightings were recorded in UniversanBverse Mercator (UTM) coordinates
(using Arc1960 datum) using a Garmin IV GPS (Gar@amp, Ulathe, KA). Individual
photographic identification cards were made foihdam in the study area using whisker

spot patterns, nose scars and colour, tonguetoipt) breakage and wear, body size and
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other identification features (as described in Beaitk & Rudnai, 1970). At each lion
sighting, the following were recorded: (i) spatialta, (ii) temporal data, (iii) individuals
present, (iv) any prey species being eaten. Sitpilall buffalo Syncerus caff¢rsightings
were recorded. No attempt was made to identifyadbuindividuals, but the number of
individuals was counted (below 50 buffalo) or estied (if above 50 buffalo), the GPS
location of the point of sighting and the distaaoel angle from the initial sighting were also

recorded.

Three prey transects were driven each month fropteBeer 2008 to August 2009
(except April and May). The three transects werdiféérent lengths (see Figure 3.1);
Transect 1 was 25km, Transect 2 was 55km, and &caBswvas 40km. A total of 120km of
transect was driven each month, and 1200km in ¢t the ten month period. Transects
were driven in the morning between 06:30 and middayed width transects were used to
calculate prey densities, namely all possible gigkitings within 200m of transect were
recorded. Body mass (kg) of prey species was difreen Hayward & Kerley (2005): 0.75
mean female body mass, to account for sub-adultyamnng, as recorded in Stuart & Stuart
(2000) and Estes (1991). Prey transects were dliwgento five kilometre segments to
facilitate analysis and the kilometric abundanaesfach prey species was calculated
(Maillard et al, 2001), which represent an encounter rate pemidtee of road driven and

was taken as a proxy for the rate at which liorantered individuals of each prey species.
3.3.3 Prey preference:

Each of the many indices for selectivity includeme bias, for example a bias
against animals of different size, and errors iaseawith small samples (Strauss, 1979). The
analysis was restricted to totals of at least Ifithals sighted within 200m of prey transect.
Jacob’s index has been used in other studiesmopliey preference (Hayward & Kerley,
2005; Haywarcet al, 2007a) so was used here to facilitate comparibetween different

sites across Africa. The index has the followingrfo

Wherer is the proportion of the total kills at a site mdjea species amalis the proportional

availability of the prey species (Jacobs, 1974).
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Figure 3.1: Location of prey transects in photographic areS@R.
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3.3.4 GIS layers:

General lion population demographics for northe@RSare summarised in Chapter 2,
which was used to create a lion density grid mapeitLkn level. Data of five variables that
were thought to be important in determining thetigpdistribution of lions were obtained
from a variety of sources. Digital boundary ancarivector files and habitat and soil
polygons were obtained from the Selous Conservdtropect (SCP) funded by the
Organization for German Technical Cooperation (GTEhe habitat and soil layers were
based on FAO land cover maps (FAO, 1997). Dataltage location was obtained for the
government of Tanzania’s Mapping and Survey Offitae accuracy of these layers was
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tested or ground truth in the field. All spatil@ta was imported in ArcGIS version 9.3

(ESRI Inc., Redlands, CA) for manipulation prioraimalysis.
3.3.5 Data analysis:

As the photographic area was intensively studiedas felt the presence or absence
of lions in a given grid square would be usefuéxplaining lion distribution in northern
SGR. To facilitate data analysis, all variablesenenported into ArcGIS and superimposed
onto a 1 krgrid covering the 800 kfof the intensively studied photographic area oRSG
The predominant soil type and habitat type for egradh square was recorded. Habitat and
soil type were reduced to three categories. Thédtaypes were grassland, open woodland
and closed woodland/natural forest (see AppendixThe three soil types in northern SGR
were fluvisols, cambisols and ferrasols, whichFe&® soil units (see FAO, 1974)Y he
boundary, village and river vector files were utedreate raster distance maps at a 100m
resolution in ArcGIS, and the mean distance froohes these features was calculated for

each 1 krAgrid square.

Analysis at the 1 kingrid cell level was carried out using SPSS verdio) (SPSS
Inc., Chicago, IL). Principal component analy$t€@) was carried out in ArcGIS on the
distance data (i.e. to river, boundary and villagaynely PCA 1, PCA 2, and PCA 3. When
analysing spatial data there is a risk of non-ieeejence caused by spatial autocorrelation
(Koenig, 1999) because neighbouring cells shardainalues in the dependent variable
leading to correlation coefficients appearing msigmificant than they are. Spatial
autocorrelation was tested using the Crimestaso@B.2a software package (N. Levine &
Associates, Annandale, VA) where the dependenabkes were tested using Moraih’s
statistic/Geary’<C statistic. Grid cell data were randomly removadluhe data were not
likely to be significantly spatially autocorrelate@patial autocorrelation was a real concern
as the data came from one part of the SGR. Thaingmg data were tested again using
stepwise logistic regression to see if any relatgms were still significant. Finally, Akaike
Information Criterion (AIC) was used to corrobor#te results of the stepwise logistic
regression and suggest the best model to exptaipliesence/absence in northern SGR.
Model performance on the testing data was evaluajezhlculating the area under the curve
of receiver operating characteristics (ROC) plétsarce & Ferrier, 2000). ROC values range
from 0.5 to 1.0. Values above 0.7 indicate a goadiel fit, while those above 0.9 indicate a
highly accurate model (Swets, 1988).
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3.4 RESULTS

In August 2009, there were 112 lions in the 800kmdy site (see also Chapter 2). A

lion density grid map was produced using lion derapfic information from northern SGR,

in particular using the pride territory size andlprcomposition, and shows highest lion

densities on Transect 3 (see Figure 3.2). Lionitleasare based only on areas within the

study area that are part of a lion pride terrirgth the pride being seen on at least 15

independent data points in the three year periodir8as where few or no lions are seen are
not included. Total density for this area, whicimprises only 542kfof the total 800k

is high at 0.18 lions kif

Figure 3.2: Lion density map for northern SGR; based on prmamosition data and

territory data.
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3.4.1 Prey transects

The following possible prey species were seen emtbonthly transects: buffalo,
bushbuck, elandlfagelaphus ory) elephan{Loxodonta africang giraffe Giraffa
camelopardali}, hippopotamusHippopotamus amphibiojysmpala Aepyceros melampys
kongoni @lcelaphus lichtensteinii greater kuduTragelaphus strepsicerjjsvarthog
(Phacochoerus africanjiswaterbuck Kobus ellipsiprymnuys blue wildebeest
(Connochaetes taurinysand zebraEquus burchell). Table 3.1 shows the distribution of
the prey species and their biomass between therelif transects. Table 3.1 highlights, for
example, that giraffe make up 22.6 % of the avé&lgoey biomass of northern SGR, yet

only accounted for less than five percent of thenais seen on the prey transect.

Table 3.1: Prey densities (kif) and prey biomass (kg ki

Transect Season Kongoni Buffalo Elephant Zebra Giraffe Wildebeest aMiog Impala Eland W’buck
T1 Wet 0.01 0.00 0.05 0.91 0.13 3.26 0.94 7.68 0.14 0.0
T2 Wet 0.00 0.50 0.06 0.64 0.98 2.68 0.20 4.46  0.00 0.0
T3 Wet 0.00 1.58 0.11 1.96 1.18 4.46 0.15 16.00 0.21 0.0
T1 Dry 0.00 0.00 0.11 0.84 0.33 1.89 0.41 3.93 0.00 0.0
T2 Dry 0.00 0.00 0.02 1.21 0.49 1.01 0.24 4.47 0.06 0.0
T3 Dry 0.04 0.13 0.11 2.28 0.65 9.24 0.42 13.65 0.00 0.0

Total seen 8 480 84 1577 826 4400 400 9835 75 1

Body weight (kg) 95 432 1600 175 550 135 45 30 345 188

Number per km 0.01 0.40 0.07 1.31 0.69 3.67 0.33 208. 0.06 0.01

Kg per km 0.63 172.80 112.00 229.98 378.58 495.00 5.00 245.88 21.56 1.57

% Weight 0.04 10.32 6.69 13.74 22.62 29.57 0.90 14.69 1.29 0.09

% Numbers 0.05 2.71 0.47 8.91 4.67 24.86 2.26 5556 0.42 0.06

*Numbers in bold, make up over ten percent of ®otBushbuck, kudu and hippopotamus not includetién
above table as less than four individuals of eaemsn total on transects. W’bddk waterbuck.

3.4.2 Prey biomass

The mean total prey biomass for the study siteithern SGR was 1674 kg Km As
can be seen from Table 3.2, Transect 1 had theslgevey biomass and Transect 3 the
highest. Itis also clear that prey biomass wghéi in this area of northern SGR during the
wet season months (i.e. the dry season is thepleand). However, it was also quite clear
that there was enormous variation in prey bioma#smeach transect, which is highlighted

in Table 3.3. Table 3.3 also shows that one Skrtigeof transect had nine times the prey
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biomass during the wet season than the dry seasosdction 25-30km on Transect 2),

while other sections (e.g. section 5-10km on Traeh$ghad more prey during the dry season.

Table 3.2:Mean biomass (kg kif) for each transect in dry season and wet season.

Transect Wet Season Dry Season Overall Average
1 1148 + 719 819 + 719 984 + 692
2 1465 + 1433 825 £+ 565 1145 + 796
3 3023 + 1981 2662 + 1783 2842 + 1263
Total 1918 + 1682 1436 + 1407 1674 + 1248

+ Standard deviation

Table 3.3:Mean biomass (kg kif) per five kilometre section of transect.

Transect Mean biomass Mean biomass Mean Ratio Predominant
sections (kg) wet (kg) dry biomass(kg) Wet : Dry habitat type
T1 5km 1277 1178 1228 1.1 Open woodland
T1 10km 597 772 685 1.3 Open woodland
T1 15km 534 151 343 3.5 Open woodland
T1 20km 1018 153 585 6.7 Open woodland
T1 25km 2313 1843 2078 1.3 Open woodland
T2 5km 78 490 284 6.3 Open woodland
T2 _10km 187 1463 825 7.8 Open woodland
T2_15km 2381 1644 2013 1.4 Open woodland
T2_20km 472 122 297 3.9 Grassland
T2 25km 714 84 399 8.5 Open woodland
T2_30km 1840 197 1018 9.3 Open woodland
T2 35km 1652 733 1193 2.3 Wooded grassland
T2_40km 5154 708 2931 7.3 Grassland
T2 _45km 876 954 915 1.1 Grassland
T2_50km 1858 1345 1602 1.4 Open woodland
T2_55km 900 1339 1120 1.5 Open woodland
T3_5km 1443 1295 1369 1.1 Open woodland
T3 10km 973 530 751 1.8 Open woodland
T3_15km 7409 1104 4257 6.7 Closed woodland
T3_20km 3543 2058 2801 1.7 Closed woodland
T3 25km 3331 3058 3194 1.1 Grassland
T3 30km 2944 5781 4363 2.0 Grassland
T3 _35km 2138 4396 3267 2.1 Grassland
T3 40km 2401 3074 2737 1.3 Grassland

"Ratio divides the highest value of either dry seasowet season data to give a ratio of the diffeee Bold in
italics (grey) are sections with much higher prentasses in dry period; just bold is the same fdnthe wet
season.
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Figure 3.3: Wet season and dry season areas in northern S@Rris of available prey

biomass and sites where lions have made Kkills.
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As seen in Table 3.3 certain areas had much hglegrbiomass in the dry season,
but most had higher biomasses in the wet seasogasAvith at least twice as much prey
biomass in either the wet season or dry seasomigiéghted in Figure 3.3. Both areas with
higher prey biomass during the dry season are arngdlapermanent water. One of these
areas is near the natural lake by Lake Manze C#memther is near the SGR headquarters,
where several artificial water points have beeroohiced in the last decade. Most of the lion
kills were recorded outside the areas with the ésgkifference between wet and dry seasons
(71%). However, 21% of kills were recorded in aredth greater dry season prey biomass,

and only one kill was recorded in the higher biosnast sites.

The best explanation of lion distribution basedogy biomass, was recorded
between lion density and dry season prey biomadsda season prey biomass), which
explained 33 % of the variance, and shows thatdemsity increased as prey biomass

increased in the dry season (See Figure 3.4).
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Figure 3.4: Dry season prey biomass versus lion dens
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3.4.3 Prey preference:

Figure 3.5: Proportion of preypecies ) seen on transects, arig) on whichlions feeding.
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Other* species on cha#t are Bushbuck, Hipgpotamus Greater Kudu, Kongoni, Waterbu Eland,
Elephant.

Table 3.4 andrigure 3.! are restricted to prey data from 100m of the pragdects.
From this, impala and wildebeest were the mostlaglyusighted species on transecFigure
3.5A) while the most regular prey items were wildebend zebraigure 3.! B).
However, Jacob’s index indicated the lions showgdeéerence for buffalo ai an avoidance

of impala (Table 3.4 While the small size of the impala and wartlsa(casses may bias tl
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results, as they may be eaten comparatively quihty/therefore be under-recorded, the
results recorded here are comparable to other afésfsica as linear regression showed that
the model (Hayward & Kerley 2005; Haywagtlal, 2007a) accurately predicted the
observed killsi?= 0.77, , P <0.01) and explained 77 % of the variation obsérv
here (see Appendix 7). Furthermore, Haywetrdl (2007b) have used prey preference to
work out carrying capacity based on the followimgi&tion: y = 0.377x — 2.158 (where x is
the number of preferred prey species per km). Bagdtie average number of preferred prey
species recorded on transects (from Table 3.18@0&nt study site in northern SGR would
have a carrying capacity of 104 lions.

Table 3.4:Prey preference of lions in Matambwe sector of SR 2006-2009.

Buffalo  Zebra Giraffe ~ Wildebeest| Warthog Impala
Total 446 1046 586 2716 374 7701
Sightings 17 129 254 193 146 883
Proportion 0.03 0.08 0.05 0.21 0.03 0.59
Kills Observed 10 12 7 19 1 2
Proportion 0.18 0.21 0.13 0.34 0.02 0.04
D (Preference) 0.72 0.51 0.50 0.32 -0.24 -0.95
D (H &K, 2005)" 0.32 0.16 0.24 0.27 0.11 -0.73
Predicted 4 6 4 24 2 3

*Restricted to species with plus 100 sightings oeyfransects. Species to the left preferred.
D (H & K, 2005)" is prey preference from Hayward & Kerley (2005) amumbers
Predicted* based on their D value (see also Haywaat, 2007). Appendix 6 for full list.

Based on the preference index in Table 3.4, litwsved the strongest preference for
buffalo. However, there was no strong correlabetween buffalo numbers or times buffalo
were sighted and lion densities (or lion numbersroes lion sighted). Figure 3.6 shows the
sightings of buffalo in northern SGR, which weregwminantly near the lakes and river and
north of the railway tracks. The lion prides’ tegries centre points are also plotted on

Figure 3.6 and most are near the lakes and rivers.
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Figure 3.6 Buffalo sightings in northern SGR with pride aenpoints.
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3.4.4. Explaining lion distribution using factors dher than prey availability in
northern SGR:

Initial correlation analysis between lion derestand distance to river, reserve
boundary and villages showed lion densities weghtgy negatively correlated to distance to
river (rs=-.35, P < 0.01), but positively correlated tataice to reserve boundary € .78, P
< 0.01) and villages{= .75, P < 0.01). Principal component analysis (PGAhese
distance variables (i.e. to river, boundary, anidge; PCA 1-3 correspondingly) was carried
out in ArcGIS and plotted. The PCA figures, hatiy@e and soil type for each grid square
were recorded. To reduce the risk of spatial autetation over two thirds of data grid
squares (70.3%) were randomly deleted during tlaéysis. Stepwise logistic regression
suggested PCA 2 + PCA 3 + Soil variables all hagyaificant impact on lion
presence/absence, as shown in Table 3.5. The RDE @B0.74 indicated a good model.
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This was confirmed by AIC test and is shown in Ea®I6. No significant relationships were

noted with habitat type.

Table 3.5:Logistic regression of variables determining lioegence/absence.

Variables B S.E. Wald df P Exp(B)

PCA 2 .000 .000 18.350 1 <.001 1.000
Soil_type 6.860 2 .032

Soil_type(1) 912 .555 2.703 1 .100 2.489
Soil_type(2) -1.804 .870 4.306 1 .038 .165

PCA 3 .000 .000 17.880 1 <.001 1.000
Constant -13.846 3.014 21.099 1 <.001 .000

Table 3.6:AIC best suggested model of significant variables.

Model 2loglikelihood K 2K AIC AIC  (-exp [ AIC/2]) Wi

PCA 1 216.840 2 4 220.84 19.31 0.00006 0.0001
PCA 3 216.782 2 4 220.78 19.25 0.00007 0.0001
PCA2+PCA3 201.063 3 6 207.06  5.53 0.06285 0.0587
PCA 1 + PCA 2 + Soil 203.182 4 8 211.18 9.65 0.00801 0.0075
PCA 2 + PCA 3 + Soil 193.529 4 8 201.53 0.00 1.00000 0.9337

*PCA 1-3 represents principal component analysidistince to river, reserve boundary and
village respectively.

The values from Table 3.5 (column B) can be usetierfollowing equation to model the

presence or absence of lions in northern SGR:
A = (PCA 2 x coefficient) + (PCA 3 x coefficient)Soil + Constant

A = (PCA 2 x 0.000133) + (PCA 3 x 0.000367) + (42%r -1.804) + (-13.8346)

Probability of lion presence =

The results of the above equation described listriliition in northern SGR at the 1kigrid
level well, suggesting distance to the reserve dannand villages and soil type of an area

were most important in explaining lion distributibare.
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3.5 DISCUSSION

Understanding lion distribution in northern SGRIailow for improved management
of this species. Lion distribution in this area vib&st explained by lean season prey biomass.
Lions in this area showed the strongest prey peafa for buffalo. Other factors important in
explaining lion distribution in northern SGR weristdnce to river, village and reserve

boundary and soil type.
3.5.1 Prey biomass and lion density:

The mean total prey biomass for the study siteonthern SGR was 1674 (+ 1248) kg
1

km™~. Prey biomass was highly variable in this areaosthern SGR and varied between
location and time of year. Lion densities (Kmlike prey biomass, was variable but both lion
densities and prey biomass (kg kmwere highest on Transect 3 near the lakes. ingef

prey availability the best explanation of lion digéies was provided by dry season prey
biomass, but this only accounted for 33% of theavenre. The dry season was the lean season
in this area of SGR. This concurs with earliedsga by Van Orsdadt al. (1985) based on
data from ten different habitats across Africa viidims, which showed a relationship
between lion density and lean season prey biorbassheir study explained a greater
proportion of the variance3=0.48) and described the relationship as y=0.06000870;
which represents a higher density of lions per ik lorey biomass (see Figure 3.4). The
mechanisms behind this increased lion density lg#ih season prey biomass is an inverse
correlation between pride territory size and lea&ssn prey biomass and increased lion cub
survival to 12 months correlated with an incredsat season prey biomass (Van Orstol

al., 1985).

Prides near the lakes on Transect 3, where theljoayass is highest in the dry
season, have the smallest territories in north&R $ee Spong, 2002; see also Appendix 8).
Based on the relationship between mean dry ordeason prey biomass and lion densities, it
is possible to work out the lion carrying capacifythis 800kni area of northern SGR. The
lean season prey biomass is 1436 kg Keee Table 3.2), which would result in a lion
carrying capacity for the 800Knof 184 lions (0.23 kifi) based on Van Orsdol’s equation or
164 lions (0.21 ki) based on the observed dry season/lion densagigakhip (see Figure
3.4). The last census of this area had a total®flibns in this 800kfmarea, well below the
suggested carrying capacity. This either sugdhatshe census is not picking up all the

lions in the area (i.e. under-representing the [agjmn) or that other factors are holding the
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population below carrying capacity. This 80Fkphotographic site in northern SGR, is
ringed by hunting blocks with some of the highest krophy hunting pressures in Tanzania
(see Chapter 4/5). Studies from other areas ofdraazKatavi National Park in particular,
have suggested that lion population densities atebglow the carrying capacity of the Park,
based on prey biomass availability, as a resudixoéssive hunting in neighbouring hunting
blocks (Kiffneret al, 2009).

3.5.2 Prey biomass species composition and seas@pEcies movement:

The three most common prey species seen on ttansere impala (8.20 ki),
wildebeest (3.67 kif), and zebra (1.31 k). More individuals of each species were seen on
Transect 3, with the exception of warthogs. Moretlh@gs were seen on Transect 1.
However, as Table 3.3 highlights there are seas@raltion between transects. During the
dry season there are more wildebeest and zebraamsdct 3 (25km — 35km section) by
Lake Manze, but during the wet season the speptemare dispersed and there is a
movement of wildebeest and zebra towards TransaontiITransect 2. Although, impala
accounted for over half of all individuals seentlb@ prey transects, in terms of biomass (kg
km™) it ranked third after wildebeest (495kg Rjrand giraffe (379kg ki) as highlighted in
Table 3.1. Giraffe accounted for 23% of the avadgirey biomass in this area of northern
SGR.

3.5.3 Prey preference:

In terms of prey preference, the lions of north®@R closely follow those predicted
by Hayward & Kerley (2005). In northern SGR, bidfazebra, giraffe and wildebeest were
preferred, and warthog and impala avoided. Inradheas where warthog are more abundant,
they are frequent prey even if they are well belba/lions preferred prey weight of 190-550
kg (Hayward & Kerley, 2005); this is true in Seretigwhere lions eat warthog and buffalo
during periods of prey scarcity (i.e. when the aedond wildebeest migration is in the Mara;
Scheel & Packer, 1995) and in eastern SGR wherthogs are more abundant and made up
24 % of the total kills between 1967 and 1970 (Rodgl974); wildebeest (34 %), buffalo
(22 %) and zebra (six percent) were the other pedespecies (there are no giraffe in this
area). These results suggest that for lions, aololply other generalist predators, habitat
definitions based on vegetation communities are il@portant than those based on prey
availability (Haywardet al, 2007a). Haywareét al. (2007b) have also used prey preference

to work out carrying capacity; for this 800kiarea of northern SGR their equation suggests a
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carrying capacity of 104 lions, which is slightowler than the observed number of lions in
this area. The prey preference carrying capetybeen used to good effect to assist in
setting stocking levels in several small (70-188kfanced reserves in South Africa
(Haywardet al., 2007b).

3.5.4 Other factors that explain lion distribution:

In this study, anthropogenic factors were captimgdeasuring distance to nearest
village and the reserve boundary. While, soil tgpd distance to permanent water were seen
as proxy measures of prey abundance. This stumlyeshthat distance to water, reserve
boundary, village and the solil type were importardetermining the probability of the
presence of lions in a specific grid square inmem SGR.

A previous study in SGR recorded that the lionsasdtba significant preference for
riverine and short-grass habitat, and a signifieasidance of acacia woodland (Spong,
2002), and noted that these preference ratiosliargiected prey availability in each
habitat. A similar result was recorded in thisdstuwith natural (or riverine) forests and
grassland habitats having higher mean densitibsrtd than open woodland areas (see
Appendix 5). Conversely, Hopcradt al (2005) showed that lion hunting success is
associated with landscape features that enhangecapture, rather than prey abundance
itself (e.g. erosion embankments, access to watekrwoody vegetation). Similarly, river
confluence points have been identified as lion petppn sources, owing to their strong
correlation with long-term average reproductivecass in Serengeti (Mossetral, 2009).
Various studies have used soil nutrients as a piaxgrey abundance (Loveridge & Canney,
2009; Celesiat al, 2009); noting an increased lion density on ricl@canic soil associates
than nutrient poor sands. In northern SGR, soi tyjas shown to be important in
determining lion distribution, with higher lion daties on nutrient richer fluvisols and

cambisols than on nutrient poorer ferrasols.

Anthropogenic impacts on lion population distriloatihave been noted here, with a
strong positive correlation between distance taéserve boundary and villages and lion
densities. Other studies have noted this, witmareased human impact relating to a lower
probability of the presence of lions (Loveridge &rthey, 2009). Furthermore, lions come
into conflict with people, particularly where litesk is kept, invariably resulting in
retaliatory killing and declining lion populatioKigsui, 2008b). Over the three years of this

study, there has been an increase in pastoradigting in areas bordering northern SGR.
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3.5.5 Conclusion:

The ultimate goal with looking at what factorslirgnce lion distribution is to be able
to predict lion distribution in areas not sampledyhere prey data is lacking. There is a
dearth of prey or lion data for most of SGR. Tinedel here accurately mapped lion
distribution in northern SGR. Lion distribution morthern SGR was best explained by lean
or dry season prey biomass. Lions showed a preferfor buffalo, zebra, giraffe and
wildebeest in this area. However, no relationshgs woted between lion distribution and
buffalo sightings. Environmental and anthropogéadators that best explained lion
distribution in northern SGR were distance to #merve boundary and villages and soil type

of an area.
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4  Setting the Hunting Quota: Lion Trophy
Hunting.

55



4.1 ABSTRACT

The sustainable management of hunting in SelouseGeserve (SGR) is driven by a
guota system, whereby the reserve is divided iBtbuhting blocks and each is allocated a
guota of animals to hunt. The lion hunting quatd anzania is currently set through
educated guesswork. A transparent means of seftioas for lions in SGR is devised here.
Recommendations are made at the block level asstthe level that management decisions
are made. In particular, three different approachere used to investigate the sustainability
of the lion hunting quota: i) an approach basethamting off-take and quota data; ii) an
approach based on using Normalized Difference \&iget Index (NDVI) and expert
opinion to estimate lion populations per blockK én approach based on an individual-based
stochastic model to examine three different liopylation sizes, the impact of male breeding
commencing at under three years of age or fivesy@ard hunting at current quota levels.
Based on lion off-take data from 1995 to 2008 aictidn to the quota is suggested to one
lion 1000kn?. Lion densities from a studied population in al6#iarea were negatively
correlated with NDVI values and this relationshipsaused to develop a quota for each
block, based on a figure below ten percent of thdtanale population. The results of the
stochastic model showed that larger starting pajouns were better able to sustain high
trophy hunting off-takes and populations where maéached a reproductive maturity at a
younger age were also more robust. All three aqgres showed the need for the lion quota
to be reduced in SGR.
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4.2 INTRODUCTION

Commercial forms of extractive use have develogepdaat of the choice in modern
conservation paradigms, and trophy hunting is eod shoice (Hutton & Leader-Williams,
2003). From a conservation standpoint, trophytihgris useful only so long as it provides
long-term protection of habitats and populationd, dar these reasons must be conducted on
a sustainable basis (Cagbal., 1998). Tanzania has long been recognisedddrigih quality
trophy hunting; which is sometimes also referreds®port, tourist or recreational hunting
(Leader-Williamset al.,1996). This reputation comes from the varied géonad in
Tanzania, from the high quality of its trophiesgddrom the vast areas of wilderness (Baldus,
2009). Some 50 different mammal species can htetuegally under licence in Tanzania
by tourists, and Tanzanian residents can shodabdb22 species for meat with permits
(Caroet al.2009). The Selous Game Reserve is internatiodakygnated as a World
Heritage Site. Despite being an inaccessible iafeated with tsetse flies and underlain by
poor soils, Selous supports one of Africa’s lardegtgame populations and has developed a

considerable reputation as a tourist hunting dastin (Leader-Williams & Hutton, 2005).

Hunting by tourists for sport is a complex actiydyhose product is as much a quality
of its experience as it is of meat or trophies @mdgeet al, 2006). Nonetheless, as in any
branch of natural resource utilization, the sciesicigophy hunting revolves around
sustainability (Milner-Gullanet al, 2009); what is the effect of hunting on populasipand
how can this be used to improve its managemensiséainable off-take is a yield that can
be taken year after year without jeopardising fityields (Sinclaiet al, 2005). However,
unlike other forms of hunting, such as commerdsdidries, there is often an assumption in
trophy hunting that there is a management auththdycan influences hunting rates and
choose a sustainable level of hunting (Milner-Gudlat al, 2009); which in the case of

trophy hunting in Tanzania is focused on settingtimg quotas at sustainable levels.

The Selous Game Reserve is divided into 43 huiiogks. These hunting blocks are
leased, typically for a period of five years, bg fhanzanian government to licensed and
registered hunting companies, who are responsiblerfanising and selling hunting safaris
to tourists (Rohwer, 2009). Each hunting block aagiota for a range of species that can
only be hunted from the start of July to the en®etember each year (Caebal, 2009).
Overall management of the reserve is in the hahtdsedNildlife Division (WD) of the
Ministry of Natural Resources and Tourism (MNRTYaxdl fees are paid to the WD.
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Buffalo, lions and leopard are the main attractifmmgourist hunting in Tanzania,
with these three key species responsible for géingra5% of the management authority’s
total income (Baldus & Cauldwell, 2004). Annualipproximately 250 lions are taken by
tourist hunting in Tanzania, of which 75-90 arestakn Selous Game Reserve (Baldus,
2004). The trophy fees for lion are high, and ¢fi@e increasing the number of lion on
guota greatly increases the quota value and iobtiee easier means for the management
authorities to increase revenue, as hunting operatve to achieve 40% of their total quotas
(Ndolanga, 1996). However, research using modebnpeterized with 40 years of Serengeti
demographic data strongly suggest that touristihgrf lions would be sustainable if only
males over five years are hunted, as this woutthathales the opportunity to remain
resident in a pride long enough to rear a cohoybohg (Whitmaret al.,2004). A
relatively high off-take would be possible provided young lions are removed and the
quality of trophies would be much improved. Thessults imply that strict adherence to off-
take of only old animals would make quotas for latssolete, and highlights the importance
of being able to age lions in hunting situatiodsse colour has been suggested as a means
to age lions accurately (Whitmat al.,2004). The Tanzania Hunters and Outfitters
Association (TAHOA) accepts the notion of only hagtolder male lions, and set a
minimum age requirement of six years on lion treghin 2004, yet pictures of under-aged
males (as young as two years old) that have bemrirsihanzania could still be found on
hunting company web-sites in 2008 (see Paekat, 2009). Furthermore, individuals
working at various hunting companies have questidhe validity of using Serengeti data

across Tanzania and stressed the difficulty of@tions in hunting situations.

Lion populations have been modelled over time uaimgge- and stage-structured
model (Carcet al, 2009) and an individual-based stochastic modédi{wanet al, 2004) to
examine various aspects of lion life history/bigi@nd the impact of trophy hunting. Caao
al. (2009) analysed the impact of trophy hunting Is\ai a range of species and breeding
systems, in particular focusing on male help iningpoff-spring, male infanticidal
behaviour, and differing harem sizes. In additMfhitmanet al. (2004) focused on lions
and modelled the impact of hunting males of diff¢r@ges on the population size. As
mentioned previously, hunting of males over fivangeis recommended as they would have
had a greater chance of rearing a cohort of ofigprHowever, data from Kruger National

Park, South Africa, recorded a prolonged periodssiociation of sub-adult males with their
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natal prides and a delay at which males begin lomged five years (Funstoet al, 2003).

This would have serious implication on the minimage at which a lion can be shot.

The management of hunting in Selous Game Resedréeven by a quota system,
whereby each hunting block is allocated a quotanahals to hunt. Studies of lion trophy
hunting have suggested an off-take of ten percetiecadult male population or two percent
of the total population appears to be sustaingbhafdonnet, 2002; Baldus, 2004; Packter
al., 2010), while Caret al.(2009) used models to suggest an off-take of 4dj fhe total
population before negative growth starts to immercthe population. Currently the lion
hunting quota in Tanzania is set through educatedgyork by the WD (Severre, 1996). The
setting of quotas remains an area of contentiohimvthe trophy hunting industry (Leader-
Williams, 2009); with some stating that hunting tasoneed to be based on detailed prior
knowledge of the population biology of the huntegplation (Milner-Gulland & Ackakaya,
2001), while others argue that quotas can be saigh an adaptive management approach
(Rossekt al, 2005). The aim of this study is to deviseams$parent means of setting quotas
for lions in Selous Game Reserve, an iconic hurdiegtination. Recommendations are made
at the block level as this is the level that managet decisions are made. In particular, three
different approaches are used to investigate th@siability of the lion hunting quota: i) an
adaptive management approach using hunting offdakiequota data; ii) a Normalized
Difference Vegetation Index (NDVI) and expert opimiapproach to work out lion
populations per block; iii) an individual-baseda@tastic model to look at three different lion
population sizes, the impact of male breeding conuimg at two and half years of age (as in
Serengeti National Park) or five years (as in Krudational Park), and hunting at current

guota levels.

4.3 METHODS
4.3.1 Study area:

Field work was carried out between June 2006 argusi2009. The Selous Game
Reserve (717 -1015’ S, 36 04’ - 38 46’ E) iswliled into 47 blocks comprising 47,500
km? (see Figure 4.1). Four blocks (or six percentpelbus Game Reserve (SGR) are set
aside for photographic tourism (see Figure 4.8;rést of SGR allows resource utilization in
the form of trophy hunting (Caret al, 2009). The mean block size is 1002 + 586 kn
standard deviation throughout); with the mean mgnkilock being 1011 + 598 Krnand
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photographic blocks being 749 + 150%nThe Rufiji River, and its tributaries the
Kilombero, Luwegu and Great Ruaha, is the mainufeadf SGR (see Figure 4.2). The SGR
comprises a mosaic of wooded savanna, miombdanabretunthickets; with the northern
sixth of the SGR being open wooded grassland, laadesst of the Reserve being deciduous
miombo woodland (see Creel & Creel, 2002 for ds}ailltitude ranges from 100 m above
sea level (asl) in the north-east to 1200 m agiénsouth west. Rainfall follows a similar
east-west pattern, which ranges from 750 mm irettst to 1250 mm in the west, falling
predominantly between December and May (IUCN, 1998)

Figure 4.1: Photographic and hunting blocks in SGR.

Legend

I:l Hunting Blocks
[Z77] Pnotegraphic

30 15 0 30 Kilometers
I

60



Figure 4.2: Major rivers of SGR.
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4.3.2 Block and hunting off-take data:

Digital boundary polygons files of the SGR blocksresobtained from the Selous
Conservation Project (SCP) funded by the Orgamndtr German Technical Cooperation
(GTZ) and Tanzania Wildlife Research Institute (TARA. The SCP data are from 2003,
while the TAWIRI data are more up-to-date and &@f2009 boundary data. Field visits to
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different sectors of SGR were carried out to grounth these layers. All spatial data was
imported to ArcGIS version 9.3 (ESRI Inc., Redlgrnda) for analysis.

Data on trophy off-takes of lions in each huntihgck of SGR were provided by the
CITES office at the WD headquarters in Dar es $ala@ihe off-take data are much more
complete in SGR, as compared to the rest of Taazdoe to the activities of the SCP and
the Planning and Assessment for Wildlife ManagenieAWM) project funded by USAid
(Leader-Williamset al, 1996; Baldus & Cauldwell 2004; Caro et al 200B@r each block,
the hunting pressure is defined as the averageapffttake per block per 1000Krfrom
1996-2008. Furthermore, the “initial intensitylafnting” is defined as the average annual
off-take per 1000 kfin 1996-1999 per block. The regression coefficfeneach block off-
takes was then estimated starting in 1996 and gndiB008. The “annual change” in trophy
off-take is the regression coefficient multiplieg the initial intensity, and the “annual rate of
change” in trophy off-take is this annual changed#id by the initial intensity multiplied by
one hundred. This represents a similar methodalisgg to look at the sustainability of

trophy hunting of lion and leopard across Tanzésé® Appendix 14.b: Packer al, 2010).

4.3.3 Working out lion populations using NDVI:

Satellite imagery and expert opinion from fieldwavkre used to identify three broad
habitat categories based on Normalized Differenege¥ation Index (NDVI) values. Lion
density figures and NDVI values were tested toist®ere were any correlations. NDVI
layers of SGR were acquired from the Land ProceBs#abuted Active Archive Center (LP
DAAC), located at the U.S. Geological Survey (USG&Sjth Resources Observation and
Science (EROS) Center (Ipdaac.usgs.gov). NDVI detess the density of green on a patch
of land by measuring the wavelengths of visiblatligbsorbed by the plant pigment
chlorophyll (see also earthobservatory.nasa.gow,can be described by the following
equation, where NIR is near infrared radiation ¥ifdl is visible radiation.

NDVI = (NIR — VIS) / (NIR + VIS)

NDVI has been used to measure a wide varietyegétation conditions (Pelkey al,
2003); and has been used as a measure of net ppmoatuctivity (Coop®t al, 1998). The
NDVI data for the peak dry season months of Octebb&ecember from 2006 to 2009 was
used in this study. The average NDVI score for eahkn? grid cell for this period was
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calculated, and it is this figure that is usedhia $tudy. Dry season data were used here
because it has been shown that this represenksaheaeason in SGR (see Chapter 3), and
other studies have shown that lean season preyals®provides the best explanation of lion
distribution (Van Orsdoét al,. 1985). NDVI scores should offer a good proxy adyp
biomass and therefore lion density. While NDVI igseful tool in assessing prey biomass, it
is not a perfect measure, as recent work showedattiger sample areas tended to under-
represent African ungulates and satellite indexa® timitations in very sparsely or densely
vegetated areas (Pettorddtial, 2009).

NDVI values for SGR ranged from -673 to 8798. NDMlues were divided into
three groups based on expert opinion for the aisalgamely: i) 5559 to 8798, ii) 4168 to
5558, iii) -673 to 4167. When analysing spatidbdaere is a risk of non-independence
caused by spatial autocorrelation (Koenig, 199@phse neighbouring cells share similar
values of the dependent variable leading to cdioglaoefficients appearing more
significant than they are. Spatial autocorrelati@s tested using the Crimestats version 3.2a
software package (N. Levine & Associates, Annandéaf where the dependent variables
were tested using Moranfsstatistic/Geary’< statistic. Grid cell data were removed
randomly until the data were not likely to be sfgrantly spatially autocorrelated (i.e. where
Moran’s| was close to 0, and Gearysclose to 1). Spatial autocorrelation was a paldic
concern as the lion density data came from onegbdinie SGR (see Chapter 3). Data on lion
population densities were collected between Jufé 206d August 2009 and methods
employed are described elsewhere (Chapter 2 & ®ne\knd grid was used to recorded lion
density data for a 541Knarea of northern SGR (as described in ChaptéiBY| layers
were overlain onto a lion density grid of north&@R in ArcGIS to identify any relationship

between lion density and NDVI score.
4.3.4 Modelling hunting:

The SimSimba model is Windows-driven Crodel (described in detail in Whitman
et al, 2004, Whitmaret al, 2007), and is used here to model the impactopity hunting
under several population scenarios. In the modaiafe lions and their dependent offspring
are organized into ‘prides’ that defend spatiatipaged and interconnected territories. The
model ignores environmental stochasticity, so tlaimum number of territories and
maximum pride size is held constant for a givero§simulations. In this case, an 11-

territory convex landscape, with a carrying capecft171 lions was created, which was
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thought to be a good approximate of hunting blankSGR. The model distinguishes
between sex and age class and tracks individuadetigl and reproductive status. Only 3—
13-year-old females produce cubs; females arebietta breed again until they lose their
entire litter or their surviving offspring reachyRof age. Males are classified as either sub-
adult, nomadic or resident; lone males may joimitp other lone males or groups of two.
Nomadic and sub-adult males move freely betweennattih pride territories a specified
number of times per time step, but do not breetl Wimales. Residents may be affiliated
with up to three prides at once. Competition fod@residence is determined by using a
competition matrix that weights overall competitateength according to male age and
coalition size. Cubs are killed with an age spegifiobability when new males first enter a

pride.

At each time step, the model simulates cub prodnaising a random number for
each eligible female that draws her litter sizexfra distribution, determines individual
survival, updates ages for survivors, organizes-@y males in each pride into sub-adult
male groups, promotes 3-yr-old males into nomadags, and determines the fate of sub-
adult females. Recruitment of females into thetahpride depends on the number of adult
females already in the pride and the specified ujpmét for that pride (which can be
temporarily exceeded by no more than two femalé#)e sub-adult females cannot be
accommodated in their natal pride, they are allotweskarch for empty territories, but they
die if they cannot find any vacancies. At ‘equilibn’ or carrying capacity, the simulated
populations had a male : female : cub ratio of 20 : 50. To test the effects of trophy

hunting, each simulation was run for 50 years \Whhreplicates of each population scenario.

The initial seed population was run for 100 timepst(or 50 years) for each of the 15
replicates so that the population reached carrgapacity (or 171 lions). For ten of the 15
replicates, lions were selected at random to dedeieh that five of the replicates contained a
population of 43 individuals and five replicatesitaoned a population of 107. Each starting
population was run ten times for 100 time stepSGéor each of the population size of 43,
107 or 171 individuals). Five separate startingytajons for each simulation were used to
rule out the possibility of starting conditionseaffing the results. Each simulation was run
under two different male reproductive parameteaspely: i) male reproduce from age two
and half years and adult age is four years (agrarfgeti); ii) male reproduce from age five
years and adult male age is five years (as in Kjudeor all scenarios, hunting was of males

age three years and older — three males were hauesy year if available.
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4.4 RESULTS

4.4.1 Lion hunting off-take and quota:

Lion trophy hunting peaked in SGR in 1998 and ladleri by 50% since then, yet the
guota has remained relatively constant since thea Figure 4.3). Between 1995 and 2008,
an average of 39.2% of the quota was utilized ahnumSGR; in 1998 63.7% of the quota
was utilized. The average annual quota betweeb 286 2008 per block was 3.49 + 0.25
and the average off-take per block was 1.38 + OFgure 4.4 shows the spatial spread of
the lion trophy hunting in SGR, with the higheseege annual off-take to be in the blocks to
the east of the reserve. However, these eastecistend to be much larger (~170Gkm
than the blocks in the north and west of the resérB80kn). To account for this difference
in block size, the hunting pressure of each bloak estimated (average number of lions shot
annually per block per 1000KrFigure 4.4B). It can be seen that the hunting pressure is
much higher in the hunting blocks of the north aadt of SGR. Figure 4.5 shows the
hunting pressure and the annual rate of changardfrig off-take for each block — and shows
that the higher the hunting pressure, the grehtedécrease in the annual rate of hunting off-
take between 1996 and 2008-0.30, n=43, p<0.01). That is the blocks with thesirions

shot per 1000kfexperienced the greatest annual decrease in thberwof lions harvested.

Figure 4.3: Average number of lions shot per block in SGR dredaverage quota for lions

per block per year.
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Figure 4.4: A) Average number of lions shot each year from 198@83with actual location
of lions shot in 2003 marked as dot8);Hunting Pressure on lions (average shot per block
per 1000krf between 1996 and 2008).
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These results strongly suggest that in SGR, setttiegjuota at a level of one lion
1000 km? would be sustainable (see also Appendix 14.b; &atlal, 2010) and marked SP
or sustainable point on Figure 4.5. That is aimgrpressure of one lion 1000 Knshould
not result in a decrease in off-take over time. Eoev, there are blocks on the graph where a
high hunting pressure has not resulted in a deeri@asff-take (marked HO or high off-take
on graph). The largest decrease is noted at foinistopped hunting), whereby the hunting
company operating in the block were so concernedifdake levels of neighbouring blocks
that they stopped hunting lion in their block i #arly 2000s.

4.4.2 NDVI and lion numbers:

To eliminate the risk of spatial autocorrelatioimast half of the lion density and
NDVI data grid squares (44% of 541 grid squaresnfnorthern SGR were randomly
deleted during the analysis. Spearman rank-araigelation showed that lion densities in
northern SGR were negatively correlated with ND&bre (s = - .23, P<0.01). The NDVI
scores were grouped into 3 categories (1: 555988,82: 4168 to 5558; 3: -673 to 4168)
and the mean lion density plotted in Figure 4.6gme standard deviation throughout). The
results of Kruskal-Wallis test of the mean rankiof densities per grid square are
significantly different between each NDVI scoreegairy (H = 15.29, 2 d.f., P<0.01).

Figure 4.6: NDVI score categories and lion density
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The three NDVI categories from Figure 4.6 were usgoroduce a map of suitable
lion areas (Figure 4.7); areas with NDVI scoresveein -673 and 4168 are scored a three and
support the highest densities of lions (Catego4158 to 5559; Category 1: 5559 to 8798).
So the darker areas of the map support higher tie#hhan the lighter areas of the map, but
only inside the reserve (the darker area outside 8Ghe west represents the Kilombero
Valley, which is very fertile area with high humdensities and therefore few lions).
Although the previous chapter highlights the impode of edge effects on lion densities in
northern SGR, no clear pattern could be seen ortlaphy hunting off-take in Tanzania as a
result of edge effects (see Appendix 14.b; Paekat, 2010) and the lack of lion density

data from other parts of SGR, meant that it hasdren considered here.

Figure 4.7 has been used to work out lion numberdlock, by adding up the
number of NDVI grid squares of each category pecklnd then multiplying the number in
the different categories by the lion density highted in Figure 4.6. As the lion density
figures used in the analysis are from northern S@Mch supports higher lion densities than
other parts of the reserve (see Chapter 2; Cre@te®l, 1997; Caret al, 2009), a cautious
approach has been adopted here and the lowestipding standard deviation of the mean
has been used in working out populations. So wihock all NDVI category 3 were added
together and multiplied by 0.09; category 2 by 0#&W, category 1 by 0.06. These results
are presented in Table 4.1 and also include tweratttent estimates of lion numbers for
SGR blocks (*Caro & #IGF). The other estimatesen@gher than the NDVI based
estimates (Table 4.1). The average annual lionimgiguota for each block during the
periods 1988 to 1997 and 1997 to 2008 are compafalserage + standard deviation; 3.6 +
1.2 for 1988-1997, and 3.5 £ 1.1 for 1997-2008},dffstakes are very much higher in the
1997-2008 time frame (0.9 + 0.7 for 1988 — 1994 &b + 0.8 for 1997 — 2008; Table 4.1).
There was no significant difference in the meark i@fithe quota between the periods
(Kruskal-Walllis; H = 0.053, 1 d.f., P=.82), but thavas a significant difference in the off-
take mean ranks between the periods (Kruskal-Wé#llis 8.295, 1 d.f., P<.01).
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Figure 4.7: NDVI map used to predict lion densities.
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Table 4.1:Lion numbers for each block and current and pastaguand hunting off-take.

Block Area (km®)  Lion Nos. LionNos. LionNos. 1988-1997 1997-2008
&diference 02003 xCarg #IGF NDVI Quota Quota
Off-take Off-take

B1 841 - 119 57 Photographic Photographic
IH1 425 47 - 29 1.0 2.2
0.5 0.6
K1 399 86 39 30 4.0 4.7
-381 0.0 2.3
K2 683 83 76 54 4.0 3.9
-68 0.0 1.5
K3 455 50 27 38 5.0 3.4
0.0 1.1
K4 379 41 22 28 3.9 4.9
0.5 1.3
K5 592 89 35 43 6.1 4.4
-215 0.8 1.3

KY1 533 59 76 43 - Photographic
L1 464 51 27 38 5.0 4.5
0.2 2.1
LA1 548 68 65 44 4.0 2.3
-67 0.7 0.8
LL1 2171 238 201 172 4.0 4.6
+11 1.7 2.5
LL2 1272 139 205 97 4.0 4.6
+12 1.9 3.1
LL3 1702 186 201 119 5.0 4.0
1.5 2.6
LUL 2443 - 139 149 - 3.8
+243 1.4
LU2 1156 121 102 90 2.1 3.0
+59 1.3 1.3
LU3 613 67 54 50 2.0 3.2
0.1 0.8
LU4 373 - 44 28 - 3.1
1.7
LUS 510 62 30 37 4.0 2.6
-53 0.3 0.7
LU6 883 97 78 58 3.0 3.8
2.5 1.6
LU7 1460 160 129 108 1.9 3.3
1.9 1.3
LU8 1628 179 143 103 2.0 3.3
1.1 1.2
M1 432 58 31 32 4.0 3.0
-94 0.2 0.1
M2 409 45 47 31 4.0 4.1
0.1 0.2
MA1 1684 184 199 122 4.0 4.2
0.6 1.2
MB1 2157 237 190 152 3.1 4.3
2.4 2.3
MB2 1054 115 124 80 3.0 4.3
+10 2.0 2.3
MB3 1686 185 198 148 2.0 1.8
1.5 0.5
MH1 1366 150 161 96 2.0 1.3
1.1 0.6
MJ1 1935 272 228 135 1.9 1.3
-537 1.1 0.5
MK1 812 89 48 69 6.1 4.9
1.4 2.8
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Block Area (km?)  Lion Nos. LionNos. Lion Nos. 1988-1997 1997-2008

&diference 02003 xCarg #IGF NDVI Quota Quota
Off-take Off-take
ML1 792 87 70 73 2.0 2.0
1.0 0.7
MS1 1342 147 79 101 5.0 4.9
1.6 3.4
MT1 872 93 77 70 2.0 1.3
+27 1.0 0.8
MT2 2018 160 237 172 4.0 4.6
+565 2.1 24
N1 1800 210 159 136 2.9 4.2
-112 1.7 1.6
N2 1032 158 91 76 2.1 2.0
-405 1.3 0.6
R1 454 50 40 30 4.0 4.0
0.4 1.8
R2 687 97 40 51 4.0 4.0
-192 0.3 1.4
R3 378 36 39 28 3.0 2.2
+49 0.1 0.6
R4 581 42 68 48 4.0 3.8
+197 0.7 1.9
RU1 1786 186 201 129 5.0 4.9
+95 1.5 3.3
Ul 589 40 35 53 4.0 3.2
+221 0.1 0.9
U2 519 57 31 36 4.0 2.9
0.3 1.6
U3 776 85 91 58 4.0 4.7
0.2 0.7
u4 783 86 92 69 5.0 4.0
1.7 2.9
Y1 863 95 51 68 5.0 Photographic
0.7
Z1 664 - 108 65 Photographic Photographic
-95

Lion Nos. *Caro from Caroet al(2009) and is derived by multiplying the block a(2803
area data used) by a lion density of 0.11. Is stemce of 1988-97* quota and off-take data.
Lion Nos. #IGF from IGF report (Mesochinet al,, 2010) on the conservation status of lions
in Tanzania and the numbers are derived from ‘@Xjpgerviews.

Lion Nos. Using NDVIworked out by calculating the number of Categqrg2,land 3 NDVI
km grid squares per block, and multiplying Categblyy 0.06, Category 2 by 0.07 and
Category 3 by 0.09, all figures added up.

4.4.3 Modelling lion trophy hunting:

The results of the SimSimba simulations showedl#rger starting populations were
better able to sustain high trophy hunting off-taked populations where males reached a
reproductive maturity at a younger age (i.e. 2&gewere also more robust (see Table 4.2
and Appendix 9). In the model, three male lionerdtiree years of age are hunted each year
if available, which is equivalent to the currenegeage lion hunting quota per block in SGR
(see Figure 4.3).
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Table 4.2:Results of the SimSimba model on trophy huntingenrifferent scenarios

Starting Male Populations
Population Reproductive  Survival Description

Size Age Percentage*

43 2.5 10% For 10% of replicates, trophy male numbers stavt lo
but recover to sustainable numbers.

43 5 0% No more trophy males in 10 years and populatioas di
out in 20 years.

107 2.5 99% Trophy males average about 21 individuals in
sustainable populations.

107 5 80% In populations that do not go extinct, average neimb
of trophy males is 34.

171 2.5 100% Trophy males decrease from an average of 31
individuals to 21 individuals, but populations sues

171 5 100% Hunting in this scenario appears to be the most

sustainable; average of 33 trophy males.

Populations survival percentage* represents thebeamf populations that survived the 50 simulations.

4.4.4 Suggested Quota:

The suggested population figures from Table 4. Hmen used to suggest a quota
for each block (Table 4.3); whereby the populafigares are multiplied by 0.21 (the
average proportion of adult males in SGR; see @&phtTable 2.2) and then multiplied by
0.1 to suggest a quota that is ten percent ofdb# enale population; as hunting less than ten
percent of the adult male population appears swtée (Chardonnet, 2002; Packeial,

2010). Table 4.3 also shows the suggested quatalghunting 1 male 1000 Kf which
were lower than the population based quotas. Baseuhly hunting 1 lion 1000 ki 18
blocks would have a quota of a lion every other yehile 13 blocks would have a quota of

one lion a year, and 12 blocks would get two lipasyear.
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Table 4.3: Suggested quota for each block of SGR.

Block Suggested Quota Average 2008

1:1000 | *Caro #IGF NDVI Quota* Quota
IH1 0.5 1.0 0.6 1 2
K1 0.5 1.8 0.8 0.6 1 2
K2 1 1.7 1.6 1.1 1 1
K3 0.5 1.1 0.6 0.8 1 4
K4 0.5 0.9 0.5 0.6 1 5
K5 0.5 1.9 0.7 0.9 1 2
L1 0.5 1.1 0.6 0.8 1 5
LA1 0.5 1.4 1.4 0.9 1 3
LL1 2 5.0 4.2 3.6 4 4
LL2 1 2.9 4.3 2.0 3 4
LL3 2 3.9 4.2 25 3 4
LU1 2 2.9 3.1 3 4
LU2 1 2.5 2.1 1.9 2 3
LU3 0.5 1.4 1.1 1.1 1 3
LU4 0.5 0.9 0.6 1 3
LU5 0.5 1.3 0.6 0.8 1 2
LU6 1 2.0 1.6 1.2 2 4
LU7 2 3.4 2.7 2.3 3 4
LU8 2 3.8 3.0 2.2 3 4
M1 0.5 1.2 0.7 0.7 1 3
M2 0.5 0.9 1.0 0.7 1 4
MA1 2 3.9 4.2 2.6 3 4
MB1 2 5.0 4.0 3.2 4 5
MB2 1 2.4 2.6 1.7 2 5
MB3 2 3.9 4.2 3.1 4 2
MH1 1 3.2 3.4 2.0 3 1
MJ1 2 5.7 4.8 2.8 4 1
MK1 1 1.9 1.0 1.4 2 4
ML1 1 1.8 15 15 2 2
MS1 1 3.1 1.7 2.1 2 5
MT1 1 2.0 1.6 15 2 1
MT2 2 3.4 5.0 3.6 4 4
N1 2 4.4 3.3 2.9 3 4
N2 1 3.3 1.9 1.6 2 2
R1 0.5 1.1 0.8 0.6 1 4
R2 0.5 2.0 0.8 1.1 1 3
R3 0.5 0.8 0.8 0.6 1 3
R4 0.5 0.9 1.4 1.0 1 3
RU1 2 3.9 4.2 2.7 3 5
U1l 0.5 0.8 0.7 1.1 1 2
u2 0.5 1.2 0.7 0.8 1 2
U3 1 1.8 1.9 1.2 2 4
U4 1 1.8 1.9 1.4 2 4

Average * SD 1.0+0.6 2.4+1.3 2.1+1.4 1.6+0.9 2.0£1.2 3.3+1.2

Thel : 1000 columnshows the quota based on one lion per 106pkmmbers below one have been rounded to 0.5 or 1
(e.g. a block of 378kfrwould have a quota of 0.38 lions, which has beemded up to 0.5 lionspverage Quota is the
average of three columns (*Caro, #IGF, NDVI) roushde a whole number.

The average annual quota per block ranges frommfoair lions, with 19 blocks
having a quota of one lion, ten blocks with twanBonine blocks with three lions, and five
blocks with four lions. The actual quota from 2G89®resented in the last column of Table
4.3 for comparison with the suggested quotas, acahi be seen based on comparison with
the one lion 1000kif the quota would have to be reduced for everykbldgdowever, if

comparing to the averaged quota; five blocks watdy the same, 34 would have to be
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decreased, but four blocks could be increasetheliverage off-takes in 1997-2008 (Table
4.1) are compared to the suggested average qublbdo&s would have an off-take that is
within quota, but 11 are above the quota. Howevased on the one lion 1000Krauggested
quota, 14 blocks would currently be within quotat the rest would have to reduce their off-

take.

4.5 DISCUSSION

Areas with lower NDVI scores were shown to haveeased lion density. NDVI
scores were divided into three categories. TheethNDVI categories were used to map
suitable lion areas in SGR (Figure 4.7) and itlbarseen that areas with the lower NDVI
scores tended to follow the major water coursekarreserve (see Figure 4.2 for map of
rivers). The NDVI scores, along with data on lioophy hunting off-take have been used to
set a lion quota for SGR, and are discussed inldietine following sections. Several authors
have suggested that the lion quota in SGR is tgl (Creel & Creel, 1997; Cast al,

2009), but do not suggest what it should be redt@ed\ quota for lions for each block of
SGR has been suggested, and overall this wouldt resuudecreased lion quota for the
reserve. The method used to suggest the quotnisparent and straightforward, which
should allow for its widespread application.

4.5.1 Lion hunting off-take:

The trophy hunting of lions peaked in 1998 andfalien by some 50% since then
(Figure 4.3). Economic liberalisation at the endhaf 1980s led to a flood of investment in
the wildlife-based tourism sector in the 1990srigu revenue grew at over ten percent
annually for a decade (Nelsenhal, 2007). This is reflected in lion trophy huntimySGR;
in 1988, 23 lions were shot in SGR, and by 1998lidits were shot in SGR (Baldus, 2004).
Yet over the last decade lion trophy hunting hasekesed by some 50% in SGR to 53 lions
hunted in 2008. This would suggest that eitheretieeless demand for lion trophies, fewer
visitors coming to Tanzania to hunt lions, huntomgnpanies are showing restraint and
hunting less lions, or the lions cannot easilydaenfi. Over the last two decades the lion
guota has remained relatively constant (Figure d@n8)the numbers of tourists visiting SGR
for hunting safaris have increased from 99 in 1@8879 in 2003 (Baldus & Cauldwell,

2004). Furthermore the number of tourists visifliagzania to go on 21 day hunting safaris
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increased by some 40% in 2004 and has remaindés# high levels since (Pacletral.,
2010). The demand for lion trophies and numbepuofists visiting Tanzania to hunt, it

would seem, has increased over the last two decades

Hunting companies invest enormous effort localiogs. Typically four to five baits
are put up in different locations in a hunting ldqeior to the arrival of the tourist hunter. If
any of the baits are taken by lion, the area isaited and a hide constructed for the tourist
hunter to shoot a lion. Male lions are especiallgceptible to baiting since they are frequent
scavengers (Schaller 1972). Therefore, huntingad levels should be a good guide as to
the health of the lion population in SGR. Excess$iuating in the late 1990s has led to a
decrease in the lion population of SGR, and the djoota should be reduced to one lion per
1000knf (see Figure 4.5). This would mean that a blocRagfOknt would get a quota of

two lions per year and a block of 500kmould get a quota of one lion every other year.

The reaction from the various hunting companiesuiggestions of a reduced quota
has by and large been negative; their objectioms Fecused on three points, which are
discussed in detail in the following paragraphs$h® quota should not be reduced, it is rarely
met; ii) certain areas have higher densities afdjand therefore these areas should be
allowed to continue to harvest at higher levelsthie reduction in off-take has been a result

of self-regulation.

Creel & Creel (1997) examined lion trophy huntinghe early 1990s and noted that
the “current off-take is sustainable, but currambtqs are probably too high.” However, the
off-takes of the early 1990s were very much lovantin the 2000s (as shown in last two
columns of Table 4.1). Baldus (2004) questiondithees used to arrive at population
estimates by the Creels, and concludes “in any ttesquota is not utilized, therefore it is
rather hypothetical whether it is too high or nothis is true, on average only ~40 % of the
annual quota is met. The hunting companies argatetiiey need the high quotas to sell the
opportunityto hunt to tourists, and that they do not expediltthe quota. This is true of
many companies, but there are companies that hqueta of four lions, a block of 800Km
and shoot all four lions on their quota. The ahadle has always been how to regulate the
companies that over harvest their blocks. A redumotif the lion quota to one 1000Km
would reduce the quota from 499 for the whole afiZamia (as it was in 2008) to 230, but
this would still be higher than the 162 lions huhite 2008 in Tanzania. What it would mean
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is that the spread of hunting would be more even you would not have areas of over

harvesting).

Certain areas have higher densities of lions, harkfore these areas should be
allowed to continue to harvest at higher levelsrehare blocks harvesting at two or three
lions per 1000krhthat have not shown a reduction in off-take oiraet(the point marked
HO in Figure 4.5). While this may certainly bedrthere have been almost no studies from
hunting areas. This issue has been addressethyhéngng to divide the SGR into areas with
differing lion densities based on NDVI scores (Fe&4.7), but this should be validated with
independent research confirming that they do indea@ higher densities, as all the lion
population data used here is from a 550&mea in northern SGR. Conversely, it could be
argued that these high levels of off-take have eaimtained by increased hunting effort or
illegal practices (e.g. hunting at night with spgitt) masking a reduction in the overall
population and a sudden decrease in off-take isifnamb.

These reductions in off-take have been a resudelbfregulation; that is, hunters are
showing restraint and only hunting older animalg@od trophy animals. In fact, “many
professional hunters in the SGR say that they vahily do not shoot their full quota, as it is
too high for their particular area” (Baldus, 2004)Vhile this may be true of several
companies, it does not explain why the greatestedse in lion hunting is seen in areas with
the highest hunting pressures. Nor does it exphargeneral perception among government
officials and professional hunters in SGR thatehame fewer lions now (see Chapter 6) nor
the fact that under-aged lions are still being shdtanzania in 2008 (see Packenl.,

2009).

45.2 Lion model:

Tanzania’s management authority, the WD, recogrifsssit must apply a more
scientific approach to the setting of hunting gedt@everre, 1996) and monitoring wildlife
populations in SGR is both costly and difficult (s & Cauldwell, 2004). Models offer the
opportunity to simulate harvests on populations exulore the impacts of different harvest
strategies on populations or account for the imgdfgrent breeding systems have on
harvests (Caret al.,2009). The modelling can be done relatively cheapd is particularly
important because much of Tanzania’s current gamérig policy was developed in the
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early 1970s, where scientists and wildlife manageigved that females were solely
responsible for rearing offspring (Cagbal.,2009). Behavioural ecologists now know that
male care is important in many species (CluttoneByd991). This is clearly demonstrated in
lions, where infanticide by males was first demaatstd by Bertram (1975), and adult male
lions have an important role in parental care iegieg other unrelated males out of their

territories, therefore preventing infanticide oéithoffspring (Packer, 2000).

In the model used here the off-take rates aretsheaverage block quota level of
three lions per block per year (this is almost deube current off-take average of 1.38) and
illustrate that larger populations are, not suipghy, better able to cope with these high off-
takes (Table 4.2). Based on the model, populattbdS8 individuals subjected to an
attempted annual off-take of three adult males tivere years of age would soon go extinct.
Some 14 blocks have lion populations comparab#8tmdividuals (Table 4.1) most with a
guota above three lions annually, some above fonsl Clearly, real life populations would
not go extinct; trophy hunting would become unecoiwal long before that point in these
blocks. Of greater interest was the attempt toehdifering ages at which males begin
breeding of two and half years as in Serengetiveryears as in Kruger. The Serengeti is a
‘plains-like’ ecosystem, while Kruger is a woodlagcbsystem (Funstaat al, 2003); SGR is
comparable to Kruger system (Creel & Creel, 200)pulations where males begin
breeding at five years were more susceptible tohargesting than those that began at two
and half years (Table 4.2). Funst&tral. (2003) note that the minimum age of first breeding
in males in Kruger was five years and the averagke mesidence in a pride is 17 months; this
would suggest that if an aged based approach @4itmanet al, 2004) to harvesting in

systems similar to Kruger was adopted, only lionsva six/seven years should be hunted.
4.5.3 Suggested Quota:

The establishment of quotas are often based orsgwoes because of the logistical
difficulties and the lack of resources to condwaiusate game counts (Baker, 1997). As
stated earlier, for lions the removal of young reateay have significant population effects
even where quotas appear conservative (Whitetah. 2004). Table 4.3 suggests a quota for
lions for each hunting block of SGR using differpopulation estimates, which is based on
harvesting less than ten percent of the adult pageilation, where adult males make up 21
% of the total population. What is abundantly clisahat the current quota would have to
come down for SGR. The debate would be how muchdace the individual quotas of each
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block. A transparent and straightforward meansetting the lion quota for SGR has been
attempted here. Nonetheless, there may be questior@inding the validity of the different
population estimates presented in Table 4.1 thad weed to work out the quotas, and there
may be debate surrounding the lion density figuisesdd for the different NDVI scores.
Conservative figures for lion densities have besgduo work out the lion numbers across
SGR based on NDVI scores (Table 4.1) because kosity data for SGR was only available
from northern SGR and this area tends to suppghenidensities of game than other areas of
SGR (Creel & Creel, 1997). This meant that the kivp®ssible density value was used for
each of the NDVI scores in Figure 4.6, that is angih a NDVI score of 3 were assigned a
density value of 0.09, NDVI score 2 a density @and 0.06 for NDVI 1 (and not the
density figures recorded in northern SGR of 0.1260and 0.21 for NDVI scores 1, 2, and 3
respectively). Nonetheless, several differentigdigures are presented in Table 4.3 for

each hunting block of SGR as well as the curreptaytor the blocks for comparison.

The current (2008) lion quota for a block in SGRges from one to five, with an
average of a quota 3.3 lions per block. The aveaageal suggested quota per block ranges
from one to four lions, with 19 blocks having a tpof one lion, ten blocks with two lions,
nine blocks with three lions, and five blocks withur lions (average quota of 2.0 lions per
block). It can be seen based on comparison bettheeactual and suggested quotas that
with the one lion 1000kisuggested quota, the quota would have to be rddocevery
block. However, the other suggested quotas alew $hat a reduction is necessary, but to a
lesser degree. The current off-take in some obtbeks, but not all, would have to be

decreased to be within the suggested quotas.

Tanzania supports a successful and expanding tdoyiyng industry (Lindsegt al.,
2007a), yet there is increasing evidence of ovetihg of lions (Packeet al, 2009; Packer
et al, 2010), a key species to the trophy hunting ingusbuggestions of making the lion
guota more sustainable have been made here,ibuxpected that such suggestions will be
resisted by the hunting industry in Tanzania. Theting industry in Tanzania is well
established, influential, and paranoid that anygsstjons of a reduction to the hunting quota
is a small but irreversible step to banning tropbmting in Tanzania (as happened in Kenya
in the 1970s and Botswana recently). So it shbaldhade absolutely clear that there is no
suggestion of a ban of lion trophy hunting, merelylea to reduce quotas to more sustainable

levels.
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5

Lion Trophy Hunting: A Question of Tenure
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5.1 ABSTRACT

Tanzania is vital for lion conservation, supportegween half and a quarter of the
remaining free-ranging lions in the world and is thost important destination for sport
hunting of wild lion trophies. The organised huagtiof wild animals for sport or trophies by
tourists can have notable conservation benefite. S¢lous Game Reserve (SGR) has
developed a considerable reputation as a trophgrgudestination. In Tanzania, hunting
companies lease one or several hunting blocks thengovernment, and the company is
allocated a species-specific quota for each blockhfe hunting season. This chapter
investigates what the impact of length of blockutenhas on trophy hunting of lions in SGR.
The blocks in SGR with the highest lion huntinggsigre (i.e. the most lions shot per 1000
km? per year) were also the blocks that experiencedtibepest declines in trophy off-take
from 1996 to 2008 and tended to be under short-temare. These high pressure hunting
blocks, however, brought in the greatest amoun¢wénue for the government per kof
area. This paper supports the move towards a campeharket-based approach for block
allocation with a long-term tenure, and away frdm turrent over reliance on the pay-as-

you-use trophy fee per animal shot approach.
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5.2 INTRODUCTION

Biodiversity conservation outcomes are closelytesldo the rules and institutions
that govern the use of natural resources (Setitd, 2003; Smith & Walpole, 2005). Since
the 20" century the use of statutory protected areas &ées & cornerstone of biodiversity
conservation strategies in most countries of thedy@alloet al.,2008; Adams, 2004).
However, in developing countries mean operatinggetslof these protected areas cover only
30% of their budgetary needs (Jareesal, 1999) and there seems to be a reluctance for
society to cover the costs of conserving biodivgrsi reserves (James al.,2001; Pearce,
2007). There is increasing acknowledgement ofrtiportance of the private sector in
funding and managing conservation strategies i iffeentury (Langholzi & Lassoie, 2001;
Mitchell, 2005).

Creating local incentives for conservation throngbre secure resource tenure is
central to conservation outcomes in sub-SaharacagAfand are therefore centrally concerned
with governance dynamics and institutional refommcesses, such as decentralization of
property rights, and how best to achieve such mefdtelson, 2008). Within the sub-Saharan
context, Tanzania is hugely important for wildldenservation, for example Tanzania
supports between half and a quarter of the remgiinée-ranging lions in the world (Bauer &
Merve, 2004; Chardonnet, 2002). Nonetheless, iaweof protected area tenure
arrangements in Tanzania noted that all land isnately owned by the state, and may only
be leased by companies/individuals for set peraidsne, no longer than 99 years, and an
almost bewildering range of possible collaboratibasveen the state, private and communal
bodies is possible (Cartet al, 2008).

In southern and eastern Africa, the organised hgraf wild animals for sport or
trophies by tourists can have considerable consenvhenefits (Lewis & Jackson, 2005;
Lindseyet al, 2007a; Booth & Cumming, 2009). For example, assdsaside for the hunting
of big game animals protect habitats that mighentiise be turned over to agriculture
(Loveridgeet al, 2006), protect populations of large mammals (@@, 1998; Rohwer,
2009), and can benefit local people (Jones, 200@)\ever, exploitation of a species always
has the potential to reduce populations to levdisreythe hunting is no longer profitable or

in extreme cases cause population extinctions (Ada004; Leader-Williams, 2009).

Tourist hunting in Tanzania has developed oveing leeriod and is now a well

established industry and a principle source ofnimedor vast areas of the country (Baldus &
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Cauldwell, 2004). Tanzania has long been recodrimeits high quality trophy hunting
opportunities (Leader-Williamet al, 1996). The industry has demonstrated an impressi
growth in recent years and is an important soufdereign exchange to Tanzania (Baldus,
2006). In addition, Tanzania is the most import&gtination for sport hunting of lions
(http://www.unep-wcmec.org/citestrade/), exportimgaverage of 243 wild lion trophies per
year between 1996 and 2006, compared to 96/yr Hombabwe, and 55/yr from Zambia,
while no other country exported more than 20/yrcieaet al, 2009).

Due to Tanzania’s importance to wildlife conserwafi24% of the total land surface
is under wildlife protected status (MNRT, 2007)hid protected area network is made up of
National Parks (NP), Game Reserves (GR), Game Glohteas (GCA), and Wildlife
Management Areas (WMA). No human settlement mnad in NPs and GRs (17% of the
total land area), while humans coexist with wilgllih all other protected areas (i.e. GCA,
WMA). Tanzania has set aside some 300,000flomtrophy hunting (also referred to as
sport or tourist hunting), and is permitted in &% other than the NPs and the Ngorongoro
Conservation Area. The Selous Game Reserve, uniliier GRs, has an area set aside for
photographic tourism where trophy hunting is notged. Nonetheless, the Selous has
developed a considerable reputation as a tourigirigidestination (Leader-Williams &

Hutton, 2005) and is internationally designated &gorld Heritage Site.

In Tanzania, hunting companies lease one or selarding blocks which are
segments of GRs, GCAs or Open Areas (see Figur& 5.3), and the company is allocated
a species-specific quota for each block for thetingrseason (Caret al, 2009). A portion
of this quota is then offered to clients by thetimopcompany, who stay at hunting camps for
1, 2 or 3 week periods (lions are only availableedtilday safari, and only males are hunted).
Clients may fly between different hunting blockaded by the same company in order to
shoot different species only found in certain aréamsvever very little information is
available on the industry and many aspects araidierbin secrecy (Lindsest al, 2007a). In
particular, many of the concessions are leaseactd companies that do not have the
capacity to market their hunting opportunities stheading to a system of subleasing mostly
to foreign professional hunters without any resatestatus in Tanzania, and this has
implications for revenue collection and long-tertitisation of the blocks (Baldus &
Cauldwell, 2004). Because this hunting is subleaséolw rates and much of the income
generated never enters Tanzania, the Tanzania Bevarihorities are unable to access

much of the funds that should be due for taxatiamthermore, as the blocks are sub-leased
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for short periods it has been suggested that thiddvencourage over-utilization of the
blocks. This chapter seeks to investigate, foffilsetime, what the impact of length of

block tenure has on lion trophy hunting in Seloas1® Reserve.

5.3 METHODS

5.3.1 Study area:

Field work was carried out between June 2006 arguai2009. The Selous Game
Reserve (7 17'- 1015’ S, 36 04’ - 38 46’ E) iswiiled into 47 blocks comprising 47,500
km? (see Figure 5.1 & 5.2). Four blocks (or six pattef Selous Game Reserve (SGR) are
set aside for photographic tourism (marked in dpey as Selous Photo in Figure 5.1); the
rest of SGR allows resource utilization in the fasftrophy hunting (Caret al, 2009). The
SGR comprises a mosaic of wooded savanna, miombGambretunthickets (see Creel &
Creel, 2002 for details). Altitude ranges from I0@sl in the north-east to 1200 m asl in the
south west. Rainfall follows a similar east-westt@rn, which ranges from 750 mm in the
east to 1250 mm in the west, falling predominah#yween December and May (IUCN,
1998). From Figure 5.1 it can be seen that tr@B8BR is surrounded by a network of
different protected areas, namely: National Pa&)( Game Control Areas (GCA), and
Open Areas (OA) or Wildlife Management Areas (WMA).

5.3.2 Protected Areas around SGR:

The distinction between hunting blocks on GCAs, Wdvehd OAs is not clear cut,

(i.e. all allow for human settlement and wildlife¢oexist, and hunting is only permitted
under licence) but reflect when the blocks weratdsthed. GCAs are the oldest, and most
were set-up prior to the early 1990s. The WMAtefTanzania’s attempt to introduce
community-based management of wildlife in the [E880s, with the idea that control of and
benefits from wildlife would be decentralised te tommunities living in the area. The re-
designation of some WMAs as OAs and the designatiorew hunting blocks in 2004/5 as
OAs reflect both the central governments appamdottance to surrender power to the local
communities and the preference of hunting companiegal with one central authority (for

a detailed discussion see Nelsdral, 2007). In the Selous ecosystem there are 64rgnti
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blocks; 43 of which are within SGR, 7 are in arsasounding SGR and have been hunted
since the 1990s, while another 14 have more recbattn designated and have only been
hunted since 2002. For management purposes SGRdsdlin eight sectors (see Figure
5.2).

Figure 5.1: SGR and bordering hunting blocks and national parks
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5.3.3 Block tenure and hunting fees:

Twenty hunting companies are listed as leasingkslin SGR (see Figure 5.3),
however, three of the main companies (Gerard Psis&arlette and TAWISA; covering half
of SGR, or 22,126 kfp are all controlled by one individual (Baldus & @dwell, 2004).
Twenty six of the blocks are viewed as being uroleg-term tenure. That is these blocks
have been under the same individuals since thg 2880s. Short-term blocks are those that
have changed hands several times in the 1990sCfts 2or have been sub-leased by
Tanzanian nationals to various foreign professitwaiters during this period (process
described in detail in Baldus & Cauldwell, 2004hefe are 17 short-term blocks.

84



Average government income per block is only avé@dbr blocks in SGR from
1996-2003 (listed in Baldus & Cauldwell, 2004); ahding this period government income
from hunting activities was heavily reliant on thypfees (accounted for 59% of the income).
The lion trophy fees account for almost ten peroéihe overall trophy fees. Block leases in
2003 were only $7500 per block, and therefore aslyounted for 11% of the government
income. Block fees have subsequently increased2d$0, and then $27,000 in 2008.

Figure 5.2: Sectors and blocks of SGR.
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Figure 5.3: Hunting companieoperating in SGR
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5.3.4 Block data:

Digital boundary polygons files of the SGR blocksresobtained from the Selous
Conservation Project (SCP) funded by the Orgarndtr German Technical Cooperation
(GTZ) and Tanzania Wildlife Research Institute (TARA). The SCP data was from 2003,
while the TAWIRI data was more up-to-date and t#ld 2009 boundary data. Field visits
to different sectors of SGR were carried out teestigate the accuracy of these layers. All

spatial data was imported in ArcGIS version 9.3RERBic., Redlands, CA) for analysis.
5.3.5 Lion hunting off-take data:

Data on trophy off-takes of lions in each huntihgck of SGR were provided by the
CITES office at the Wildlife Division HeadquartérsDar es Salaam. The off-take data were
much more complete in SGR, as compared to thefdsinzania, due to the activities of the
SCP and the Planning and Assessment for Wildlifedgement (PAWM) project funded by
USAId (Leader-Williamset al, 1996; Baldus & Cauldwell 2004; Caro et al 200Byr each
respective block, the hunting pressure is the @eamnual lion off-take per block per 1000
km? from 1996-2008. Furthermore, the “initial inteysdf hunting” is the average annual
off-take per 1000 kfin 1996-1999 per block. The regression coefficfentll block off-
takes was then calculated starting in 1996 andhgridi2008. The “annual change” in trophy
off-take is the regression coefficient times th&ahintensity, and the “proportional annual
change” in trophy off-take is this annual changad#id by the initial intensity times a
hundred.
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5.4 RESULTS

5.4.1 Lion hunting pressure and hunting trends:

The lion hunting pressure (number of lions shot@¥0 knf per annum) was higher
inside SGR, especially in the north western pathefreserve (see Figure 5.4); that is the
Msolwa, llonga and Matambwe sectors (see Figur@Bd2Table 5.1). The Sectors with the
highest hunting pressures are also the same sdélctbiisave seen the greatest reduction in
lion trophy hunting between 1996-2008 (see Figubeahd Table 5.1). Furthermore the
blocks that had the highest hunting pressure acethe same blocks that experienced the
greatest fall in lion off-take over the period 198®08 as seen in Figure 5.7. There was a
significant negative correlation between numbediasfs shot per 1000 kfper block and
annual change in lion hunting off-takes € -.54, P < 0.01). Figure 5.5 also highlights fiet
that some blocks outside the SGR, despite haviagwely low lion hunting pressures,
experience marked declines in off-take between Hf@652008. These blocks outside SGR
are all on the western side of the reserve wherétiman population is the highest (see
Appendix 10).

Figure 5.4: Lion hunting pressure in SGR and surrounding hgnilocks.
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The two areas that experienced the greatest @ddlilion trophy hunting (i.e. >36%
decline) between 1996 and 2008 are discussed meékdail (marked KIL and SH on Figure
5.5). In the area marked SH (also on Figure HfiSifle SGR, the company operating in the
block stopped lion trophy hunting in the block Ire tearly 2002 because they were concerned
at the high levels of lion hunting in neighbourinigcks (Raul Ramoni, pers. comm.). It
should be noted that since 2008, many of the bloctksis sector (Msolwa) have changed
owners. The block labelled KIL are the Kilomberau8oblocks, where in the early 2000s the
second largest lion trophy recorded was takenighttock (and an average of three lions shot
annually), since then there has been increasedictomith pastoralists, with 22 lions
poisoned in this area in 2005-2006 (Ryan Shallogns..comm.). Since 2006 no lions have
been taken from the Kilombero South blocks.

Figure 5.5: Change in annual lion hunting (1996-2008) in S@GR& surrounding blocks.

KIL

SH

KIL = Kilombero South Blocks; SH = Owners stopped ilon hunting in block from early 2000s.
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5.4.2 Sectors within SGR and government income frommophy hunting:

Table 5.1 highlights data by sector, namely, thalmer of blocks, the total area, the
average hunting pressure, the rate of change itinguoff-take, and the average government
income ($ per k). There was a significant difference in the mesk of the income per
sector (Kruskal-Wallis; H = 27.40, 7 d.f., P < Q,0droportional annual change in lion off-
take per sector (Kruskal-Wallis; H = 14.80, 7 d?f.< 0.04), and hunting pressure per sector
(Kruskal-Wallis; H = 14.97, 7 d.f., P < 0.04). Teectors that had the highest lion hunting
pressure, experienced the steepest declines impuwft-take from 1996-2008, but provided
the government with the greatest income pef kom 1996 to 2003. Spearman rank
correlation showed that government income pef et block of SGR was negatively
correlated with the proportion of change in liomtng off-take (s =-.62, P <0.01) and is
shown in Figure 5.6. That is blocks that experethe greatest reduction in lion off-take
from 1996-2008 were the same blocks that genethtetighest amount of income perkm

per annum from 1996-2003 for the government.

Table 5.1:Data from within SGR by sector.

No. of Total Area Average Lion  Proportional Average to
Sector Hunting  of Sector Hunting Annual Change Government

Blocks (km?) Pressure* in Hunting®  Income ($)**
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 Seka 4 5025 1.36 £ 0.72 6% 44.85 + 22.76
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 * Standard Deviation throughout. +Data basean 1996-2008. #Per kifrom 1996-2003
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Figure 5.6: Proportional annual change in lion off-take (199®&) and average income per
km? per hunting block (1996-2003).
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5.4.3 Block tenure, long-term versus short-term:

Blocks that have been leased by a company ovdotigeterm have a lower hunting
pressure (average 1.41 + 0.90) and annual charigmioff-take between 1996-2008
(average -0.80 £ 10.99 %) than blocks that have lbeén leased over the short-term
(average hunting pressure 2.33 + 1.38; averageaanhange in off-take -10.76 + 13.36%),
and is highlighted in Figure 5.7 and the box pintBigure 5.8 (which show the median
values). The block that has been leased long-tedvstopped lion hunting in the early 2000s
is marked SH on Figure 5.7 and is included in adllgsis. There is a highly significant

negative correlation between hunting pressure atedaf annual change in lion hunting from
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1996-2008 in the short-term blocks € -.79, P < 0.01), but no clear pattern in thegberm
blocks ¢s=-.13, P = 0.53). Mann-Whitney test between stesm and long-term blocks
shows a significant difference in the rate of ahmhange in lion hunting off-take from
1996-2008 (Z = 2.686, P < 0.01) and lion huntingsgure (Z = 2.261, P < 0.03). Long-term
blocks also provided the government with less mdaegrage per kfinwas $62.20 + 41.66)
than short-term blocks (average perkmas $133.17 + 71.20). This difference in
government income was significantly different beswdong-term and short-term blocks
(Mann-Whitney; Z = 3.577, P < 0.01).

Figure 5.7: Long-term versus short-term tenure in SGR; propoal annual change (%) and
hunting pressure.
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Figure 5.8: A) Lion hunting pressure, long-term versus short-teloack tenure;

B) Proportional annual change in lion hunting offdalong-term versus short-term tenure.
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5.5 DISCUSSION

In SGR the greatest decrease in lion huntingakéthas been recorded in blocks with
the highest hunting pressure. These blocks wettpghest hunting pressure tended to be
under short-term tenure that brought the governrienimost income. This short-termism is
driving the over-hunting of lions, leading to deels in the lion population in these hunting
blocks. There has been an increase in the nunfibeuarist hunters visiting Tanzania over
the last decade, but lion trophy hunting off-také@ anzania has declined by up to 50% since
1998 (Packeet al, 2010). The following sections will discuss in maaletail this apparent
contradiction, ending with recommendations on mafag the system.

5.5.1 Hunting pressure and hunting trends:

Retaliatory killing and habitat loss have been abered to be the primary threats to
large felids across Africa (IUCN 2006, 2008), witverhunting a possible cause of concern
especially in felid species, like the lion, wheménticide is common (Whitmaet al, 2004;
Caroet al, 2009). Within Selous ecosystem, in areas ouS{@R, it is clear that decreases
in lion populations as a result of conflict withgpde have occurred in the Kilombero South
blocks (marked KIL on Figure 5.5). However, ibisly recently that enough evidence has
been gathered to suggest that trophy hunting oglis having a negative impact on
populations (Loveridget al.,2007; Kiffneret al, 2009; Packeet al, 2009; Packeet al,
2010). Sport hunters are extremely efficient icaking their quarry, trophy hunting
specifically targets adult males and male replacgrnas profound impacts on the

reproduction of multiple females (Paclatral, 2010).

Knowledge of the history of trophy hunting in Tanizais important to understanding
current trends in hunting off-takes. Trophy hugtimas established as a viable industry
during the colonial period in the 1930s. After ipdadence, hunting was banned from 1973
to 1978, and then nationalised and re-started uratgrol of the newly formed Tanzania
Wildlife Corporation (TAWICO), a government pardsiaThe 1980s were a difficult time in
Tanzania because of the country’s economic comditivought on by its socialist policies
and 1978-79 war with Uganda (Nelseinal, 2007), resulting in rampant poaching as
highlighted in large declines in elephant numberSGR (from over 100,000 elephants in
1976 to under 30,000 elephants in 1989; Seige &u&al2000). Economic liberalisation in
the 1990s led to a flood of investment into thedWift-based tourism sector; tourism revenue

grew at over ten percent annually for a decadeshat al, 2007). This is also highlighted
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in the number of lions shot in SGR during this pdriwhich increased from 23 in 1988 to
115 in 1998 (Baldus, 2004), which reflects the meeesgence of tourist trophy hunting as an
economically viable option in many wilderness are@§anzania. However, in terms of lion
trophy hunting in Tanzania and SGR in particulapeiaked in the late 1990s, and has
declined by up to 50% by the late 2000s (Paekex, 2009; Packeet al, 2010). The blocks
of SGR with the highest lion harvests per 100G khowed the steepest declines in hunting
(see Figure 5.4, 5.5, & 5.7). Trophy hunting sitleelate 1990s was having a negative
impact on lion populations in SGR, and the liorptrg hunting quota for SGR should be
reduced to one lion per 1000 ko make it sustainable (Pacleral, 2010). This decline in
hunting quota would only represent a slight de@aeashe 2008 overall lion hunting off-take
of SGR from ~50 lions a year to ~45 lions a yeat,would result in a much more even
spread in lion hunting across SGR. It is importartty to understand why lion trophy

hunting in some areas of SGR is unsustainableaiticplar, what is driving this process.
5.5.2 Government income per block:

In Tanzania, the government has been over reliattophy fees to raise income from
trophy hunting (Baldus, 2004); whereby the valuevibdlife as dead trophies creates
pressure for issuance of large and increasing guybtadseyet al, 2007a; Baldus &
Cauldwell, 2004), and as shown here in lions leadsgh hunting pressures and then
declines in off-take. The blocks with the grettesclines in lion trophy hunting from 1996-
2008 were the same blocks that provided the govennmith the most income per krftom
1996-2003 (see Figure 5.6). The trophy fees far déice high ($4900/lion in 2008), and
therefore increasing the number of lion on quotatly increases the quota value. This is one
of the easier means for the government to applysoire on hunting companies to increase
revenue, as currently companies have to achievecf@beir overall quota.Hunting
companies are content to continue this system ef mliance on trophy fees for income as it

is easier to pass such costs to clients thartattiinsfer costs like block fees to clients.

It has been surmised that companies that subégas®ot paying the government all
the fees or taxes due, as much of the revenue ajedeanever enters the country (Baldus &
Cauldwell, 2004). Nonetheless, because of Tanzanigr reliance on trophy fees to raise
government income from trophy hunting these shemtatblocks (and in most cases sub-
leased blocks) provided almost twice the revenuémé than the blocks that have been
under long-term stewardship ($133 perlghort-term to $62 per Knong-term). The
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Msolwa, llonga and Matambwe sectors of SGR aredlotors where the most subleasing
occurs, and they are also the sectors with theelsigion hunting pressure, the greatest
declines in annual lion hunting off-take from 192@08, and provided the government with
the most revenue per Krfrom 1996-2003 (see Table 5.1). From 2004 to 2608ting fees
increased; with lion trophy fees doubling ($250%4®00) and annual block leasing fees
trebling (from $7500 to $27000). The increase wcklfees has resulted in several hunting
companies in the Msolwa and llonga sectors changamgls in 2008/9 (four companies with
a total of seven blocks).

5.5.3 Block tenure:

Hunting companies that retain the same huntingksl@ver 20 years probably take a
long-term view over husbanding hunting opportusiiietheir blocks (Leader-Williamest
al., 2009). This relationship is clearly highlighteg the lion trophy hunting data here. That
is, long-term hunting company blocks have a lowar hunting pressure and annual change
in lion off-take between 1996-2008, than blockd theave only been leased over the short-
term (see Figure 5.7 & 5.8), and this differenceveen blocks is statistically significant.
Figure 5.8 shows the median value of hunting presisulong-term blocks is around one lion
per 1000 krfy while the short-term blocks is around two liors 000 krf. A recent study
across Tanzania of lion trophy hunting suggestigethe lion quota at one lion per 1000
km? in SGR for a sustainable off-take (Packeal, 2010). These suggestions are supported
here, with the long-term blocks keeping annualtakie relatively constant from 1996-2008,

and the short-term blocks declining during thisqe see Figure 5.8).

Blocks under short-term tenure were predominantlyhe western side of SGR
(Msolwa and llonga sectors). These blocks expese@wery high hunting pressures in the
late 1990s and then subsequent declines in huotirfigke in the early 2000s. However, by
2009 parts of the Msolwa sector had some of thiedsiglion densities in SGR (see Chapter
2). It is thought that the overharvesting of the 18990s, led to a scarcity of lions to hunt,
which made it difficult to attract clients to thebks, allowing lion populations there to
recover by 2009. The fact that a block in the hehthe Msolwa sector stopped hunting lion
in 2002 (SH on Figure 5.5) probably helped thiowery. Over the last few years, several
blocks that have been over utilised in the pastemacently change hands, to what is hoped

will be, more responsible hunting company owners.
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5.5.4 Conclusion and recommendations:

The blocks in SGR with the highest lion huntinggsiee were also the blocks that
experienced the steepest declines in trophy o#f-fedm 1996 to 2008 and tended to be
under short-term tenure. These high pressurermbtocks, however, brought in the
greatest amount of revenue for the government méok area. The blocks that have been
leased to the same company for over twenty yeatshgmost sustainable lion hunting off-
takes. It is therefore strongly recommended thatar leases be encouraged. With such a
long lease, it will be important to verify on amamal basis that companies are indeed
managing their blocks sustainably, and this mag bale for the Tanzanian Wildlife
Research Institute (TAWIRI). The adoption of thé@3%olicy and Management Plan for
Tourist Hunting (MNRT, 1995), which was acceptedlg then Director of Wildlife, but has
yet to be implemented (Leader-Williarasal.,2009), would go some way to achieving these
goals as it would allocate hunting blocks througdrket-based competition with a long-term
lease, thereby reducing the importance of tropkg.feThe 1995 Management Plan focuses

on a more equitable distribution of revenue and$iaanain recommendations:

“The allocation of hunting blocks through a tendgstem that allows equitable
distribution of blocks, without compromising theigiing high standards of many
outfitters or prejudicing the long-term economituras from tourist hunting to

Tanzania (open allocati@gn

The adoption of a fee structure that combinesta tmuse concession fee paid by the
outfitter in return for a long-term lease of thaadk, and a trophy fee per animal shot
(improved fee structuje

The setting of sustainable hunting quota that pterrephy quality on a scientific

basis (sustainable quojas

The adoption of codes of conduct by outfitters Hredoverseeing of examinations for
professional hunters that ensure their competentieei practice of hunting and in

providing the necessary services to their huntlrents (codes of conduct and

professional examinatiofs

The sharing of revenues and benefits with ruralrooimties from hunting carried out

on their land (community benéfitand

The reinvestment of part of the funds derived ftoorist hunting in the management

of game reserves (Game Reserve retejition
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6 Trophy Hunting as a Tool in Conservation:
Perceptions, Questionnaires & Interviews

98



6.1 ABSTRACT

An important factor in the long-term survival aktlion in the wild will be human
attitudes and actions. Tanzania supports mosteoivorld’s remaining free-ranging lions,
and the Selous Game Reserve (SGR) has the laigegtolpulation. Lion trophy hunting
occurs in Tanzania and SGR. By looking at aiatefour daily newspapers throughout
2008, the perceptions of the Tanzanian press heae highlighted, for the first time, to big
cat conservation and trophy hunting. The articks laroadly be divided into positive stories
on lion conservation and the importance of lion§anzanian tourism, and negative stories
on human-lion conflict. Most of the stories weetated to human-big cat conflict (82
articles), closely followed by stories related tg bats and tourism (71 articles). Trophy
hunting, on the other hand, had the least numbstooies (36 articles) and the articles were
largely negative (58% of the time) and tended tdifde=d to corruption. The perceptions of
wildlife managers and key players in the lion trgplunting industry in SGR were sought
through questionnaires (n=47) and detailed ingsvgi(n=10). The highest number of
respondents (49%) thought the lion population wasehsing in SGR, and 78% of
respondents thought the lion hunting quota shoelteduced. The detailed interviews with
key informants, highlighted many different possiigys to reform lion trophy hunting; all
accepted that if they only hunted older lions itNebbe sustainable. There was, however,
disagreement or confusion on how to age lionsthmifact that the majority of lions are shot
at baits would allow for more time to observe agd Bons. Most suggested reforms or
changes to the trophy hunting industry in Tanzareee perceived in a negative light by the

hunting respondents.
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6.2 INTRODUCTION

Trophy hunting is permitted in 23 sub-Saharan Adnicountries generating some
US$201 million per annum from some 18,500 clieBith Africa has the largest hunting
industry in terms of numbers of visitors and revenlanzania has the largest geographical
area set aside for trophy hunting (Lindsg\al, 2007a). Trophy hunting (also known as
‘sport,’ ‘safari,” or ‘tourist’ hunting) of wildlie is often considered a necessary part of
wildlife conservation and management and has bekiviag force in conservation since the
early 20" century (Adams, 2004). Well managed trophy huniivolves low off-take and
high prices creating incentives for the conservatbthreatened and endangered species
(Leader-Williamset al,, 2005), and significantly may generate revenuedmservation in
areas which may not be suitable for other formmofism (Lindseyet al, 2006). However,
poorly defined objectives, institutional failurack of management capacity and corruption
may limit the benefits to conservation (Smith, 2008ader-Williamset al, 2009) and
hunting may reduce population sizes to levels wherging is no longer profitable or in
extreme cases cause population extinctions (Adaéts}). The importance of trophy
hunting to conservation, combined with its potdrfbanegative outcomes, makes the
perceptions and attitudes of practitioners and @rsamportant, as it is these people that

will largely determine its success or failure.

The focus here is the hunting industry in Tanzantzere over 160 hunting blocks
covering an area in excess of 300,000 kon a third of the country; see Figure 6.1) are
leased to hunting companies or outfitters by theestMore than 60 species can be hunted on
a tourist hunting licence (Caat al, 2009). Lions are one of three critical specaslie
hunting industry (Creel & Creel, 1997; Baldus, 208dd Tanzania exported an average of
243wild lion trophies per year between 1996 and 2006 @atkal.,2010), no other country
comes close to these numbers (Zimbabwe exporte@6and Zambia 55/year, the rest
export less than 20/year; Packeal, 2009). Four of the continent’s six largest renrajn
populations of lions occur in Tanzania, and the@GelGame Reserve supports the largest

population (Bauer & Merwe, 2004).

Throughout Africa, lions are subject to widesprézss of habitat, prey depletion, and
human-animal conflicts that are associated witidrepman population growth (e.g. Baldus,
2004; Woodroffe & Frank, 2005). The lion rangelemzania is still extensive (~750,000
km? or 90% of the country), with the majority (~80%jithg in 335,000 krf of protected
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areas (Mesochinet al, 2010). Most of the protected areas owe theidiiug to trophy
hunting (~90%), yet recent research suggestsrityathy hunting has had a negative impact
on lion populations in Tanzania and across AfrlRadkeret al, 2009; Packeet al, 2010).
Recommendations to only hunt older lions (Whitneaal.,20004) or reduce the lion hunting
guota (Creel & Creel, 1997; Baldus, 2004; Paekeal, 2010)have been suggested, which
would make lion trophy hunting sustainable. Yetréh&eems to be reluctance in the
Tanzanian hunting industry to deal with the prohleneferring to stick to the formula of
stating that Tanzania has many lions and mostideel Klegally, as the recent hunting
industry funded report on the conservation stafulelion in Tanzania highlights in its
abstract (Mesochinet al.,, 2010): “around 200 free-ranging lions legallyJested per year
[through trophy hunting]. This figure remains fanaler than the number of lions illegally
killed for various reasons, such as ritual killisgaring for bushmeat, retaliation in reaction
to human casualties and livestock losses.” Theimgimdustry has control over the lions
killed legally for trophies, yet prefers to focus the illegal killings, which it has no clear
notion of the scale of activity or control ovet.id important to study attitudes and

perceptions within the hunting industry to underdtavhat could lead to its reform.

Few factors affecting the persistence of largeigaras fail to have a human
component, the lion is no exception. Wildlife maaagnt depends on recognition of the
interplay between science, values and politicsléfe& Clark, 1991). Research in Tarangire
ecosystem, Tanzania has investigated attituddsedfophy hunting industry, photographic
tourism industry, and Maasai community to lionsighlight conditions necessary for lions
and humans to coexist (Lichtenfeld, 2005). Therediso been research on the conservation
attitudes of local people around Selous Game Regserwildlife related benefits (Gillingham
& Lee, 1999). Of more relevance to lion trophy tiog is a study of the preferences of
hunting clients and operators at two US huntingveations (Lindset al, 2006), which
concluded that “hunting clients are more adverdeutcting under conditions whereby
conservation objectives are compromised than operatalize, suggesting that client
preferences could potentially drive positive chaimgine hunting industry.” The vital factor
in the long-term survival of the lion will be humattitudes and actions. Tanzania and the
Selous Game Reserve in particular, are importatiteédong-term viability of the African
lion in the wild. This chapter seeks to look atgeptions of wildlife managers and key
players in the hunting industry in Selous to lioophy hunting, and national perceptions on

lions and trophy hunting from newspaper storie®ur Tanzanian dailies.
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6.3 METHODS

The Selous Game Reserve (SGR), at 4750%) isfTanzania’s largest protected area,
and serves as a good example of conservation issulegractices in Tanzania. Data on
perceptions of lions and trophy hunting in Tanzawmcollected through studying four
Tanzanian daily newspapers from January to Dece0#8, questionnaires of people

working in SGR, and ten key informant interviewsoabf people working in SGR.
6.3.1 Study area:

Tanzania supports an extensive network of proteateds for wildlife conservation
(see Figure 6.1), which are made up of Nationak$&iP; 38,365 ki), Game Reserves
(GR; 102,049 krf), and Game-Controlled Areas or Open Areas (GC@Ar 202,959 krf).
The three types of areas are governed by diffesgntlations. In NPs, with the exceptions of
management headquarters and tourism lodges, mensetits, and no wildlife hunting are
allowed. All regulations in NPs are managed byZbaua National Parks (TANAPA). The
Ngorongoro Conservation Area (NCA) is includedhe NP category (marked NCA in
Figure 6.3a), but is managed by the Ngorongoro @wmasion Area Authority (NCAA) and
Masai settlements are allowed within its boundatbes no wildlife hunting is permitted.
GRs, like NPs, prevent settlements and use of alatesources without permission from the
management authorities, the Wildlife Division (Wa@f)the Ministry of Natural Resources
and Tourism (MNRT). However, unlike NPs, trophy ting is allowed for six months of the
year (July-December) in GRs. GRs are divided up Inidcks that are leased from the WD by
hunting companies, who are responsible for margetimd organising hunts with tourists.
The SGR (Figure 6.1) is the exception to the milthat it is a GR with four former hunting
blocks (or six percent of SGR) set aside for ph@phic tourism where trophy hunting is not
permitted. GCAs and OAs are multi-use areas cdattddy the WD with human settlements.
Most OAs/GCAs are within tourist hunting blocks wéd@unting is limited to the block
owner and their clients. Many OAs were formerlypwm as Wildlife Management Areas
(WMAS).

The distinction between hunting blocks on GCAs, Wdveld OAs is not clear cut;
all allow for human settlement and wildlife to ca&xand hunting is only permitted under
licence, but reflects when the blocks were selG{As are the oldest, and most were set-up
prior to the early 1990s. The WMAs reflect Tanzésmattempt to introduce community-
based management of wildlife in the late 19904 Wit idea that control of and benefits
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from wildlife would be decentralised to the comntigs living in the area. The re-
designation of some WMAs as OAs and the designatiorew hunting blocks in 2004/5 as
OAs reflect both the central governments extrerhectance to surrender power to the local
communities and the preference of hunting companiegal with one central authority (for

a detailed discussion see Nelstral, 2007).

Each hunting block is allocated an annual quotd,the hunting company must
undertake to utilize 40% of its quota or pay the &WDp-up payment to meet this 40%
minimum. In 2003, the Grumeti Community and Wildli€onservation Fund (a NGO funded
by a tour and hunting operator) operating in thdkgo and Grumeti GRs (marked IG on
Figure 6.1) purchased all legal hunting rightsdisallow the use of these rights, effectively
eliminating legal hunting in these GRs. The Fuad sufficient funding, personnel and
equipment to patrol their management area effiigiinappet al, 2010). Similarly, in
2009 the Selous Project purchased hunting righddahnot utilise them in the Lukula area

of SGR (marked LU2 on Figure 6.1). Adventure tenriis being attempted in these areas.

Figure 6.1: Tanzania’s protected area network.
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6.3.2 Newspapers:

Four Tanzania daily newspapers were studied ®p#riod January to December
2008 for articles relating to lion conservatioonlihuman conflict, lions and tourism, and
anything about trophy hunting (see Appendix 1liidormation extracted). After an initial
pilot study, it was felt that the study would bah&bm expanding the study to include any
articles relating to big cats (e.g. leopards, des}t as the issues facing their long-term
conservation are similar. The newspapers were tleedtan and Daily News in English, and,
Mtanzania and Nipashe in Swahili. The newspapergweld at the University of Dar es
Salaam library (missing issues were located atd¢bpective newspaper offices). The articles
location in the paper, its length and whether @ bay pictures were also recorded. Although

subjective, whether the article was positive oratieg about its subject was also recorded.
6.3.3 Questionnaires:

The SGR is divided into eight sectors, each sdwera Sector Warden in charge, and
overall there is a Project Manager in charge ofréiserve, who reports to the Director of the
WD. The SGR employs 380 support staff to managdMESCO, 2008). Questionnaires
from 29 WD staff employed in Selous have been ceteql (this includes three Sector
Wardens, one former Project Manager, and just 50@% of respondents had over 15 years
experience of working in Selous). There are 2Qihgrcompanies, owned by 15 individuals
that operate in Selous. Eight individuals in sem@anagement /ownership roles from
different companies completed the questionnairathiiMhe boundaries of SGR there are
eleven photographic lodges/camps, ten questiomaimen lodge managers from eight of the
lodges were filled in. A total of 47 questionnaifes/e been completed, 21 in Swahili and 26
in English (see Appendix 12 for questions askd&)e questionnaires looked for information
on: i) wildlife population trends; ii) lion sightgs; iii) illegal resource use; iv) perceptions of

the management of SGR; v) trophy hunting.
6.3.4 Interviews:

There is very little information about the huntimgustry and many aspects are
shrouded in secrecy. This fosters a climate dfuis making engaging in open discussion
difficult. People involved in the trophy huntingdustry were engaged in discussion, to find
out whether they thought practices were sustainadeto learn what they thought was
important to the long-term future of lion consergatand trophy hunting in Tanzania.
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However, this has proved difficult and many indivads were reluctant to talk to ‘outsiders.’
Nonetheless ten semi-structured interviews withdayers in the trophy hunting industry in
SGR were carried out (see Appendix 13 for structdithe interview). The interviewees had
over 100 years experience of working in or managfegtrophy hunting industry in

Tanzania.

6.4 RESULTS

This section highlights the results of a studyoofr daily newspapers in 2008, 47
guestionnaires, and 10 two hour interviews to hgjttlperceptions on lions and trophy
hunting in Tanzania, with a focus on SGR.

6.4.1 Newspapers:

In 2008, the Daily News had the most articlestegldo big cats and trophy hunting
(Table 6.1), with 61 of the articles related to ftichbetween people and big cats. This was
largely the result of the Daily News serializingdif articles the 1938 adventures of Jim
Corbett in India, which predominantly involved himgttigers or leopards, in its “Man
against Man-Eaters” series. Although it could bguad that the Corbett articles were about
hunting, they approached the subject from a prolaleimal control (PAC) stand-point, and
therefore have only been recorded in the confategory in Table 6.1. The Swalhili
language paper, Mtanzania, had the highest prapoofi articles on trophy hunting. Most of
these articles were negative (see Table 6.2), @atkd to corruption in the industry. There
is some overlap in the content categories, with bi%iticles overlapping.

Table 6.1:Breakdown of number of articles and content inetléght newspapers in 2008.

Newspaper Articles  Lion (big cat) Lion (big cat) Lion (big cat) Trophy
(n=201) conservation & tourism conflict” hunting
(%) (%) (%) (%)
Guardian 41 39 49 20 7
Daily News 93 10 29 66 8
Mtanzania 37 24 35 8 57
Nipashe 30 30 37 33 17
Mean * StDev 26 £ 12 37+8 32+25 22 + 23

Lion conflict™ refers to human-wildlife conflict with lions andher big cats.

Of the four content categories of articles (selel@&.1), human-lion conflict and
lions and tourism were the most numerous (see TaB)e with almost double the amount of
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articles than the other two categories. A typeample of the lion and tourism articles in
2008 would relate the importance of wildlife to Eania’s tourism economy, include a
picture of a lion, and be positive in outlook. Thenan-lion conflict articles were perhaps
not surprisingly usually negative in outlook (Tabl2). In 2008, there were serious
problems with man-eating lions in Singida regiamj anost papers ran stories relating to fear
of these lions, described people being killed keylibns, and finally the capture and killing of
one of the lions by game scouts. As mentionedegdlle articles relating to trophy hunting
were predominately negative in outlook, an exanoplhis is an article by the Daily News

on the 24' April 2008 which quotes Dr Mzindakaya, an MP, isg that the government
was losing $60 million annually in shady allocasaf hunting blocks and paltry fees being
charged for trophy hunting. The article goes osagp that only $9 million was collected by
government annually and that 12 foreign companmased 57 of the prime hunting blocks.
Contrasting with these trophy hunting newspapaiedparticles on lion conservation were
generally of a positive outlook (Table 6.2), fomexple, the Guardian newspaper &h 9
August 2008 described the Ngorongoro Crater anfgabie highest density of lions in the
world and therefore was a good place to visit. [lldreconservation and wildlife tourism
articles also tended to be longer and have motarpi than the trophy hunting and human-

lion conflict articles (Table 6.2).

Table 6.2:Content of four Tanzanian daily newspapers; outléekgth and photograph.

Number Outlook” Length (page) % with
Content of Articles  (+) () Unk 1 <1 Y, picture

(n) %) (%) ) () () (%) (%)
Trophy hunting 36 25 58 17 3 30 67 25
Lion* conflict 82 12 87 1 1 61 38 12
Lion* conservation 43 79 16 5 19 44 37 44
Lions* & tourism 71 89 10 1 23 42 35 62

Lion(s)*- includes articles on other big cats (e.g. leogar@utlook” - refers to the outlook of the article; (+) is
positive, (-) is negative, and Unk is unknowength (page) - is the page length of the article.

6.4.2 Questionnaires:

Almost half of all respondents had over ten yexyzerience of working in SGR. Itis
of note that individuals working in a managemei for the photographic lodges had in
general spent the least amount of time in SGR (B@@less than five years experience of
working in SGR), while 50% of hunting responderas spent more than ten years in SGR.
The WD staff questioned had the most experieneeooking in SGR (50% had over 15
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years). After establishing the experience and backgl of respondents and reassuring them
of the confidentiality of the questionnaire datee perceived population trend data of
elephant, buffalo, lion, and leopard was lookedH®itere is very little information on wildlife
population trends in SGR. Based on responsesens that elephant and leopard
populations are doing well, but there are concabwut the health of buffalo and lion
populations (see Table 6.3). In terms of lion datg of interest that 50% of hunters thought
the lion population was increasing, while anoth@¥shought it was decreasing. Nobody in
the photographic industry thought it was decrea3@§6 thought it was increasing, 40%
thought it was staying the same, and the restaidkmow). Detailed questions on lion
sightings in SGR revealed that lions were mostgnga small groups of less than five
individuals (34% of respondents); and when malediovere seen, 70% of respondents said
they had no manes. Only 15% said they had sligimesieand a further 15% said they had

incomplete manes. No respondents said the male ib8GR had a full mane.

Table 6.3:Perceptions of wildlife population trends.

Increasing  Decreasing Same Do not know
(%) (%) (%) (%)
Elephant population 51 28 13 9
Buffalo population 38 34 17 11
Lion population 28 49 11 13
Leopard population 40 17 28 15

In terms of illegal resource use or poaching, drii%o of respondents said that there
was no poaching within their areas; and 42% ofardpnts said poaching was on the
increase (while 21% said it was decreasing, 19%isaas staying the same, and 17% did
not know). Most of the respondents saw illegaivétets or signs of these activities in the
reserve on a monthly basis (47% of respondentssgawe monthly, 17% saw it weekly, and
9% saw it on a daily basis). Just over 40% of radpats reported seeing people in the
reserve illegally on a monthly basis, and the pedoghded to be in medium size groups of 5-
15 individuals (62% of respondents). Almost 75%espondents attempted to estimate what
illegal activities were the most prevalent in theiea. These illegal activities, in order of
prevalence were (average % in SGR + standard dmviat brackets): illegal fishing (35.1%
+ 17.3); elephant poaching (32.2% + 26.6); bushmeaching (28.3% + 20.4); crocodile
poaching (21.4% + 16.9); illegal logging (10.2%.5%)7 and, honey harvesting (5.5% + 6.4).
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Looking at other general wildlife management consethe majority of people
guestioned thought human-wildlife conflict arouhé SGR was increasing (38% of people
said that it was increasing, 12% said it was destnga 32% said it was staying the same, and
17% did not know), but believed that communiti@aly around the reserve were also
benefiting from their proximity to SGR (68% agreeith statement, 13% disagreed, and the
rest did not know). On general questions on wdredim increase in the number of tourists
visiting SGR would have a negative impact, the nends people that agreed with the
statement was equal to those that disagreed (47éecand disagreed, while 6% did not
know). However, there was an overall consensudlhiesamount of area set aside for
photographic tourism in SGR should increase (83ithisahould be increased, 8.5% said it
should stay the same, and a further 8.5% did nowknobody said it should be decreased),
which would probably lead to more tourists visitBGR.

The last section of the questionnaire dealt with rophy hunting in SGR. The
majority of respondents thought trophy hunting ®&RSwas sustainable (57% agreed, 17%
did not think it was sustainable, and 26% did naiw), but perhaps surprisingly the vast
majority of respondents (78%) thought that the bowta should be reduced (14% thought it
should stay the same and 8% did not know). Nollbbdyght the lion quota should be
increased. However, just over half of respondé®%o) thought the quota system for lions
could be abandoned, to be replaced with an agellsyséem where only older lions should
be shot (51% thought this should be restrictectt@s year old lions, 11% thought six year
olds would be fine, 6% thought five year olds, 82&o did not know). When asked whether
nose colour was a good means to aging lions, 68féspiondents did not know (21% agreed
and 11% disagreed), and just over 53% suggested wibans of aging lions in the field. In
terms of what proportion of male lions were shoewlunting, 51% did not respond to the
guestion, but worryingly 6% said they shot all nsadeen in hunting situations (17% said 1
out of 5 males is not shot, 2% said 2 out of 5 si&denot shot, 4% said 3 out of 5 males not
shot, and 20% said 4 out of every 5 males seeotishot). With regards to fees earned from
trophy hunting, the majority of respondents, peghapsurprisingly as they were
predominantly government officials, thought both thock and trophy fees should be
increased (see Table 6.4). Nonetheless more pduplght the trophy fee should be reduced
than the concession/block fee (Table 6.4). Howdweking at only trophy hunting operators
the majority thought concession fees (75%) andhydpes (50%) should stay the same
(although 25% thought trophy fees should be deeBas
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Table 6.4:Should trophy and/or concession fees be increassieased or stay the same?

Trophy Fee (%) Concession/Block Fee (%)

Decrease 18 3
Increase 58 62
Stay the same 18 26
Do not know 5 10

6.4.3 Interviews:

Ten key informants were interviewed, all in relatiwsenior positions, four currently
working in the trophy hunting industry, two formgorked in the industry, and another
four working for the government managing the prteda@areas that form the basis of the
industry. All had at least ten years experienceadking in the industry. It was felt that the
most informative individuals were those that weodanger involved in the trophy hunting
industry. The confidentiality of the interviewegas assured prior to the interview (trophy
hunters will be referred to as HO1-HO04; governnafitials as WD01-WDO04; and, former
hunters as FO1-F02).

The trophy hunting industry in Tanzania is a clkegé community, with two main
hubs, one in Arusha and another in Dar es Salddm.hunting companies in Arusha meet
on the first Tuesday of every month, while manyhef individuals working in Dar es Salaam
have worked for or with each other. For examgie,former owner of Miombo, Michel
Mantheakis, trained under Luke Samaras (Luke San&ataris Ltd.), who in turn trained
under Gerald Pasanisi (Gerald Pasanisi Safari$. LTthese three individuals controlled over
60% of SGR. Within the trophy hunting industryeté is a clash as to how to go forward
which seems to be spread along generational €iés the older generation much less
inclined to talk to outsiders. “There is a cleabwtedge as to who the good companies are
and who are the bad companies, luckily most obtbeks in Tanzania are owned by the
good companies” (HO4). Yet there is reluctanceaima or comment on the bad companies or
other companies for that matter; all four huntinfprmants (HO1-HO04) stated their
companies did a good job and hunted sustainabtythlete were other companies that were
hitting their blocks too hard, but would not bewlrainto naming them. It seems
underpinning this reluctance to talk to outsidera fear of how unsustainable the hunting
practices of the bad companies are, and a feaginglhainted by association. We (H02,

HO3, & FO1) all know that many of these unsustai@gbactices are carried out by politically
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connected individuals who know next to nothing @bdaunting, but have used their political
connections to acquire blocks which they subleagedfessional hunters for short-term
profits (described in detail in previous chaptdBpth HO3 and HO4 said that trying to deal
with these politically connected individuals wolldve a negative impact on their own

companies, and it was best to focus on makingthateheir own practices were sustainable.

In terms of making lion trophy hunting sustainalali interviewees accepted that if
they only hunted older animals, especially postadpctive males, it would be sustainable.
However, there was disagreement on what age thisdvae (as highlighted in the
guestionnaire section) and questions on whethes loould be accurately aged in the field in
hunting situations. All the interviewed hunter©O@HH04 & F01-F02) suggested ways to age
lions in the field, but the government officials D&1-WDO04) were not able to suggest a
means to age lions. There were two key differentepproaches between hunting
companies to make hunting sustainable; the firgilied selling the opportunity to hunt, and
the second involved selling suitable lions thatdbmpany had within a given block. The
second approach involved having detailed knowlexfdke lions of a given block (HO1) or
baiting extensively with camera traps to see ifehgere any suitable lions prior to selling
the hunting safari to clients (H02). The first apgeh, however, is the norm, with hunting
clients paying large sums for the chance to hamislj and if they find any lions the
professional hunter (PH) has the final say as tethdr the lion can be shot (HO3, HO4, FO1
& F02). However, tourist hunters pay large summohey to hunt lion (in most cases up to
US$ 80,000, and in some cases over US$ 120,008)catsums it would be very difficult to
disappoint (FO1 & F02). The clients tend to behaash, but time poor, and finding the 21
days needed to hunt lion is the main restrictimgdia(HO02). In many cases the clients are

almost ‘guaranteed’ a lion prior to coming, and tlsahe nub of the problem (FO1).

The majority of lions are shot at baits. FO1 sachhd hunted lions for 12 years, and
had guided 72 lion hunts, an average six lionsaa. y®f these 72 lions, 66 were shot at baits
and only six were shot free-standing. HO3 pairgsralar picture; he said that over the last
seven years, he has shot about 25 lions, and &&ty(four lions) have been free standing,
the rest have been at baits. “Both leopards amd lare shot at baits; it is nonsense if people
tell you they are not” (FO2). HO4 said that hogtthe big cats is boring; it was something
that he enjoyed in his younger days, now he only gecited at the prospect of a buffalo or
elephant hunt. Both FO2 and HO2 said the challémdpeeinting lions and leopards was to get

them to come to the baits during the day, and brgtessed concern that they felt that there
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was an increase in hunting at night with spot BghtVhile FO1 described a baited lion hunt
he was involved in that went wrong; “we stuck adelbeest in a tree as bait, got two lions, a
male and a female, | asked the client if he wadyrdéar the shot and that he should take it
when he was ready, he shot and the lioness febfoie tree dead.” In Tanzania only male
lions are available to hunt under licence. All emtrhunters (HO1-HO04) said baiting was a
good thing as it allowed them more time to obsénedion and age them, and both HO2 and
HO3 said that they had fined a PH for shooting rglerraged lion. HO2 said “trophy
assessment was the way forward; if a trophy doeseet the required standard it is not

exported and the operator fined — be it buffaltiar, or whatever.”

The government focus (WDO01-WDO04) in relatiortrphy hunting and game
reserves was to make more money for Tanzaniao&i f/V/D0O1-WDO04) felt that it was in
Tanzania’s interest to increase the number ofingsphotographic tourists by creating a
viable southern circuit involving SGR. This wouthdolve converting several hunting blocks
to photographic tourism. HO1 accepted that impdoaecess to some hunting blocks made
them now more suitable for photographic tourismilevR02 said that the whole of SGR
should be now given over to photographic tourismith hunting restricted to the blocks
surrounding SGR. F02’s main reason for suggestimgcrease in photographic tourism was
corrupt practices were more likely to have a negatnpact on wildlife populations in a
hunting scenario, and gave the example of a tolister shooting more than s/he was
allowed and then bribing officials to keep quiebabit. WDO1 said corruption was a serious
problem largely as a result of the disparity in i@ game guards who are responsible for
policing the hunting activities earn and what therist hunter pay (a game guard earns
around $350 a month, while a tourist hunter canymato $120,000 for a 21 day safari).
WDO02 said high level corruption was a much moréserproblem, focusing on the
allocation of hunting blocks. HO3 noted that sqmeeple own a huge number of blocks, but
most do not. There are 4-5 companies that own ofdke blocks, while the other 40 or so
companies own 2-3 blocks (some only one block),thede are few opportunities for new
companies to get more blocks (HO3). When askedheheompetitive bidding for blocks
would free up blocks, both HO3 and HO1 said thaytthought that this was a bad idea even
if it could be done in an open and transparent wdnych they thought highly unlikely. They
(HO3 & HO1) said that Tanzanians would be squeezgaf the market, and foreigners
would own everything, with HO3 stating; “it wouldean people like Bill Gates would own

blocks and ban hunting, or wealthy Arabs wouldajethe blocks.” FO1 went further than
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most and had a different vision of the future,istathat trophy hunting in Tanzania was in
need ofmassiveeform; stating that the future was increasedatization, as you have in
South Africa.

Reforms to Tanzania’s wildlife policy designed éadl to increased participation of
communities in the management of wildlife areas atav them to accrue some of the
benefits of living in these areas (WMA scheme) s no support from any of the
informants. The government officials (WD01-04) diok trust the people to stop poaching
and manage their areas for wildlife, and seemegedly reluctant to devolve or surrender
power to the local level from central governmemtiarly, the hunters and ex-hunters
thought dealing with local communities increasesldtbmplexity and costs of their hunting
operations. HO04 stated that instead of dealing it one body (e.g. the WD), agreements
had to be made with each village within the WMAd @inen you would still have to pay all
the fees to the central government. HO3 also nibiain the WMAs piloted by international
development organisation (e.g. GTZ; Organizatiorderman Technical Cooperation) the
communities had unrealistic monetary expectatiand,observed, “it would be really good if
some of these international donor organisatioesl tto run their WMA schemes like a
business and did not just throw money at the coniiesnit makes it impossible for
companies to follow after them.” These sentimeridan why many WMASs are being

quietly shelved and replaced with OAs.

6.5 DISCUSSION

Through looking at articles in four daily newspap#roughout 2008, the results have
highlighted for the first time the perceptions loé fTanzanian press to big cat conservation
and trophy hunting. The articles in the newspapax& a bearing on attitudes and
perceptions of the Tanzanian people; and can bydmedtivided into positive stories on lion
conservation and the importance of lions (and othigllife) to Tanzanian tourism, and
negative stories on human-lion conflict. Mostlué stories were related to human-big cat
conflict (82 articles), closely followed by storiedated to big cats and tourism (71 articles).
Trophy hunting, on the other hand, had the leasthar of stories (36 articles) and the
articles were largely negative (58% of the time) tanded to be linked to corruption, with

the Swahili Mtanzania daily having the most stonagrophy hunting. The experiences of
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carrying out the questionnaires and key informatdrviews with people working in the
trophy hunting industry did portray an insular coomity wary of the negative opinions of
outsiders. This contrasted with individuals warkin the photographic tourism industry,
who were much more open. Tanzanians working foMie the government management
authority, were most concerned with increasingrévenue earned by the country from its
wildlife. The newspaper, questionnaire and inteswv@ata are used in the following
discussion of: i) wildlife population trends; iinman-lion conflict; iii) community benefits;
and, iv) sustainable lion trophy hunting. Mostlué examples are from SGR, as the reserve
has been the focus of this research, but the seardtapplicable to other parts of Tanzania or
Africa, and other parts of the world where a midtipse approach to wildlife management is

being attempted.
6.5.1 Wildlife population trends:

The four species chosen for the population tremdesuin the questionnaires were
elephant, buffalo, lion and leopard. Elephant wdtesen as they have been used to highlight
the success or failure of wildlife management e¢f@articularly in relation to ivory
poaching, and their large size make for accuratalairveys of their numbers (Seige &
Baldus, 2000); elephants numbered more than 100n@d@dduals in 1976 in SGR, which
decreased due to poaching to under 30,000 indiladwal989, the population has since
recovered to 60,000 in 2000. This recovery wagcéfd in the results of the questionnaire
survey, with 51% of people saying they thoughtealephant population was increasing in
SGR in 2008/9, although 32% of people thought edeppoaching was the most widespread
illegal activity in SGR. This supports recent segfipns that elephant poaching is occurring
at high levels across East Africa and the SGR kas Bhown to be the source of recent
shipments of ivory seized in the Far East (Wassat, 2009). The most recent elephant
census results of Selous ecosystem highlight aatramecline in elephant numbers of
~31,500 elephants or a decline from 74900 to 433@phants between 2006 and 2009
(Damm, 2010). Although such dramatic declines &hba tempered by the soon to be
published Tanzania National Elephant Managememt B04.0-2015, which suggests that
elephant figures in 2006 may represent an ovemasti of populations (Sarah Durant, pers.
comm.). Nonetheless, it would seem that therebkas a decline and perceptions of
population trends suffer from a lag effect.
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Buffalo, lion and leopard were chosen as theseethpecies are the three most
important to the trophy hunting industry in Tanzgraccounting for 24% of the WD'’s total
income in 2003 (Baldus, 2004). Buffalo can be ¢edrusing aerial surveys, but leopard and
lion are very difficult to census accurately withexpending considerable effort in ground
based surveys (see Chapter 2 on monitoring lio®3R). The highest number respondents
perceived that lions were decreasing in numberdairi0%); the picture was less clear-cut
for buffalo (38% thought increasing and 34% dedregsand leopard (40% thought
increasing and 17% decreasing). The general peooegbiat leopard populations are doing
well in SGR and Tanzania is reflected in more ledpdoeing hunted than lions since 2004
across Tanzania, and the fact that leopard havexparienced the same large declines in
trophy hunting off-take as lions over the last decéPackeet al, 2009; Packeet al, 2010).
The adult sex ratio in lions has also changed itspgd SGR from 1997 to 2009, an
indication of over-hunting (1 male : 1.3 femal€l®97, to 1 male : 3 females in 2009; see
Chapter 2). Buffalo are an anomaly; the huntingtguappears to be sustainable (Gatral,
2009), yet there is a general perception that #neybeing overhunted (Baldus & Cauldwell,
2004) as they are the preferred species of touisters (Lindset al, 2006) and the
buffalo is a highly sought after meat species bymnities (Arceset al, 1995).
Nonetheless, despite concerns for buffalo populatibere has been no evidence of large
decreases in population. However, should wildldaeservation be successful and reverse
some of the downward trends in populations (e.gtasnable lion trophy hunting practices
leads to an increase in lion numbers), this wouldowbtedly lead to increased conflict with
neighbouring human communities as there are naefeseparating people from wildlife in

Tanzania.
6.5.2 Human-lion conflict:

In stories in the Tanzanian press on big cats igiigelst number related to conflict
with people, and the majority of people questiome8GR thought human-wildlife conflict
was increasing (38%) or staying the same (32%jaasaaround the reserve. Tanzanian
districts with the highest number of lion attackshmmans have the lowest abundance of
natural prey (Packest al, 2005b), and villages with the most lion attackshamans have
lower richness of prey species than neighbouriiiggas without attacks (Kushret al,

2010). Between 1989 and 2004, at least 871 humtacka by lions have been recorded in
Tanzania, with over 563 fatalities and two-third$heese recorded attacks have been from
districts neighbouring the SGR (Packeml, 2005b). This high level of human-lion conflict
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has led to reduced tolerance for dangerous caesvautside the protected areas, and revenge
killings of ‘problem’ lions are likely to have furer consequences on the lion population.
Studies of human-lion conflict from Southern Kerfi#mzzahet al, 2009) and Botswana
(Hemsoret al, 2009) emphasize the importance providing econdraiefits (from wildlife
tourism activities) to local people who engageadsipive conservation activities, or benefits
might usefully be distributed in relation to thestoof coexisting with wildlife, or used as
incentives to better protect livestock or other Anmesources. Two things seem to be
important when dealing with human-lion conflictréduce the amount of conflict by

removing the problem animal quickly or improve gadety of people and their livestock
(Packeret al, 2005b); and, ii) communities must benefit fronexigting with wildlife and

engaging in positive conservation activities (Hdwegal, 2009; Hemsoet al, 2009).
6.5.3 Community benefits:

Since the 1990s the paradigm of ‘conservation d#thelopment’ has attracted
support from conservation organisations and intevnal development agencies in Tanzania
and around SGR (Gillingham & Lee, 1999), wherebwplraommunities would participate in,
benefit from, and support the sustainable manageaieratural resources (Leader-Williams
et al, 1994). Furthermore, wildlife based tourism iafseen as effective mitigation for
human-wildlife conflict by conservation authoritiasd organisations, however, its scope as
such has been questioned (Walpole & Thouless, 2006hetheless, there were 71 articles,
predominantly of a positive nature (89%), on thedfiégs Tanzania accrues from big cat
conservation through tourism, and 68% of resporgienthe questionnaires thought people
in the communities around SGR benefited from tloxipmity to the reserve. In Tanzania,
community-based management of wildlife was to Istefieed through WMAS, and five pilot
WMAs around SGR were designated in the 1990s (Bal2®06). Hunting was seen as one
of the main money-earners for the WMA scheme (Bal&lCauldwell, 2004). However,
these WMAs have been a failure with little shamfdpenefits from wildlife with the
communities, and power, income and decision ma&ihsgtill remain with the central
authorities (Nelsoet al.,2007; Baldus, 2009). The detailed interviews wiflormants
involved with trophy hunting highlighted the goverent’s lack of trust of communities and
reluctance to surrender power, while the huntedsesshunters thought dealing with local
communities increased the complexity and costbaf thunting operations, and go some

way to explaining the lack of success in the WMAete.
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6.5.4 Sustainable lion trophy hunting:

There is a lack of consensus among conservation\N&0 African governments
concerning the acceptability and effectivenessaglty hunting as a conservation tool
(Lindseyet al, 2007a); this was reflected in the proportion efative articles (58%) in the
Tanzania press in 2008 dealing with trophy huntigTanzania, there have been two major
international donor funded projects to try to imggdrophy hunting: i) Planning and
Assessment for Wildlife Management from1990 to 1@@AWM; Leader-Williamset al,
1996), and, ii) the Selous Conservation Projechfi®87 to 2003 (SCP; Baldus &
Cauldwell, 2004; Baldus, 2006). Both projects #malsubsequent suggestions of reform
(discussed in more detail in the following sub-smstd) have been largely driven by
organisations and individuals from outside the ¢ougalthough in collaboration with
Tanzanian government officials); but in 2006, thmister of Natural Resources and Tourism
set up a Special Committee of MPs to look at tbphty hunting sector to make suggestions
to improve it (MNRT, 2006). The MPs focused on rmpng the revenue generated for
Tanzania from trophy hunting and increasing the Ioemof Tanzanian citizens in the
industry. The trophy hunting industry in Tanzaaral particularly in SGR is ‘big business,’
and wherproperly managed, it is totally sustainable and providedtimds necessary to
manage and protect the Selous (Rohwer, 2009; Lynelsal, 2007a). The question is how
much of the trophy hunting industry is well managé&d Tanzania, there are examples of
widespread corruption in the conduct of trophy mm{Leader-Williamset al, 2009) and
over-hunting of lions leading to population dectir{Packeet al.,2010). There have been
many suggestions to make trophy hunting more suatée, lions are the focus here and used
as an example, and the various suggestions anesdiset in more detail in the following sub-

sections.

Quota system:

Hunting in Tanzania is based around a quota systdrare each hunting block is
issued a number of animals that can be shot uresrce through educated guesswork
(Severre, 1996). Based on data from 1989 to 1®8én lion trophy hunting in SGR was at
comparatively low levels, Creel & Creel (1997) clmged that “the current intensity of lion
hunting in Selous is sustainable, but the quotactbe filled sustainably.” Since then lion
trophy hunting has increased, peaking with 115dlisimot in 1998 in SGR, and decreasing
subsequently (Baldus, 2004). Recent research shawkarvests declined by 50% across
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Tanzania between 1996 and 2008, and hunting angash& highest initial harvests suffered
the steepest declines; and suggests that the ammotithg quotas be limited to 0.5 lions per
1000 knf of hunting area across Tanzania, except huntiogkslin the SGR, where harvests
should be limited to 1.0 lion per 1000 kiPackeret al, 2010). This would represent at least
a 50% decline in most cases of the lion huntingauidis encouraging that 78% of
respondents to the questionnaire survey thougHidhejuota should be reduced in SGR, and

that nobody thought that the lion hunting quotaudthde increased.

Age-based approach:

An age-based system for lion trophy hunting haslosveloped in Tanzania
(Whitmanet al, 2004) and a guide to aging lions for trophy htmtgoduced (Whitman &
Packer, 2007). Serengeti demographic data strauglgest that tourist hunting of lions
would be sustainable if only males over five yeeshunted, as this would allow males the
opportunity to remain resident in a pride long egtoto rear a cohort of young (Whitman
al., 2004). These results imply that strict adherdoa#f-take of only old animals would
make quotas for lion obsolete, and highlights thpartance of being able to age lions in
hunting situations. Nose colour has been suggest@dmeans to accurately age lions
(Whitmanet al.,2004). The Tanzania Hunters and Oultfitters Assmrigfl AHOA) accepts
the notion of only hunting older male lions, ant@eninimum age requirement of six years
on lion trophies in 2004, yet pictures of underég®les (as young as two years old) that
have been shot in Tanzania could still be founthamting company web-sites in 2008 (see
Packeret al, 2009). Many of the advocates of sustainableue® use as a tool in
conservation have raised doubts as to the valaditysing nose colour as a means to age lions
(Baldus, 2004; Mesochiret al, 2010) and applying Serengeti data across Tanzdinis
therefore not surprising that the results of thesiennaires highlight confusion as to what
age lions could be hunted and a means to aging.lm age-based quota system, whereby
the quota is increased or decreased dependingeaquedity or age of the lion trophies, as
implemented in Mozambique (Begg & Begg, 2007), sffitae best potential for long-term
sustainability in the lion trophy hunting industryTanzania. The use of baits in hunting

lions should further facilitate the opportunityage lions in hunting situations.
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Certification system:

As there is a significant market among US clientscbnservation-friendly hunting
(Lindseyet al, 2006), a certification system would allow clietdsselect hunting operators
on the basis of their commitment to conservatidrcertification system has been suggested
based on the following (Lindsest al, 2007b): i) conservation criteria of adherencguotas
and requirements for sex, age, and minimum sizeophies; ii) governance and landowner
benefit criteria whereby local communities are emied and benefit; iii) adherence to
national legislation and agreed upon ethical statgdaA certification system for Tanzania
was suggested six years ago (Baldus & Cauldwell4RMut has yet to be accepted by the
trophy hunting industry. It is abundantly cleaym the detailed interviews with key
informants, that within the industry, outfittersdu which companies hunt responsibly.
Therefore, hunters could deflect opposition to lopunting and adopt a consumer-based
policy of no-tolerance of unethical practices (LeaWilliamset al, 2009). Similarly,
researcher or conservationists, who have a goodlkdge of hunting companies, also have
a duty to highlight companies that are performiredlywith this in mind, the new Tanzania
Wildlife Corporation (TAWICO), a hunting company 8GR, has been totally transparent
and would be a model for sustainable/ethical traminyting of lions.

Competitive block bidding:

A key output of the PAWM project was the Revise@idManagement Plan for
Tourist Hunting dated January 1995, which was aeckpy the Wildlife Division but has
never been implemented. The management plan csitimetailed reform of the tourist
hunting industry and implementing these reforms ld/ouiost certainly solve many of the
problems inherent in the industry (Baldus & Cauldy2004; Leader-Williamet al, 2009).
The management plan emphasises the allocationminiguolocks through public tender for a
5-year lease. A system is outlined that would rzealhe market value of hunting blocks while
also encouraging the continuity of lease by comgmthat occupy concessions. However, the
detailed informant interviews of trophy huntershlight scepticism in the transparent and
corruption-free implementation of this block alltioa process. Most also felt that their
hunting company would be priced out of the marBeich sentiments go some way to explain
why the 1995 Management Plan for Tourist Hunting yet to be implemented. However,
there have been recent increases in hunting bk from $12,000 to $27,500 per annum as
a result of the government’s Special Committeeaform of the trophy hunting sector
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(MNRT, 2006). Although this still represents a @mee fits all approach to setting block
fees, competitive bidding for blocks is back on éigenda as it offers the possibility of
increased revenue for the government (Tender acitbaumethod in block allocation;
MNRT, 2006).

6.5.5 Photographic/ adventure tourism & a southerrtircuit:

There was an overall consensus in the interviewlsq@estionnaires that the area set
aside for photographic tourism in SGR should ineeeaGovernment officials expressed a
desire to create a viable southern circuit by caimvg several hunting blocks to photographic
tourism. The argument that trophy hunting gensreggenue for conservation in areas not
suitable for other forms of tourism (Leader-Willia& Hutton, 2005; Lindsegt al, 2006) is
less applicable when access to areas is impronelthere is a market for adventure or
photographic tourism in those areas. Wealthy iiddials have converted two hunting areas
in Tanzania to photographic/adventure tourism bglpasing the hunting rights of the area
and not utilizing them. Within SGR the amount@fenue generated by photographic
tourism per krfifar outstrips the amount brought in by huntingrism per knf, but hunting
tourism still brings in much more money overall aaduires many fewer visitors to make a
profit (see Baldus & Cauldwell, 2004). There aegyé areas within SGR that will never be
suitable for photographic tourism, and trophy hogtivill be the best option in these areas.
A less polarised and more pragmatic debate islglaaeded, and statements such as
“without hunting, wildlife would disappear” or hung is “slaughter on safari” are not very
helpful (Lindseyet al, 2007a).

6.5.6 Conclusion:

There is much that is good about the trophy huntidgstry in Tanzania, but there is
clearly scope for reform and improvement. Manyhef necessary reforms are not new; from
competitive block bidding, to certification, to gritunting older animals. Yet there seems to
be reluctance to embrace these reforms, and therdanger of continued negative publicity.
In terms of lion trophy hunting, all the tools réma to make it sustainable are available;

some hunting companies have readily adopted th#marohave not.
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7 Discussion
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7. Discussion: A wake-up call for the hunting
industry in Tanzania.

7.1 THESIS OVERVIEW

Modern conservation paradigms hold that extraaise of natural resources, such as
trophy hunting, can be beneficial. This thesiséwamined lion trophy hunting in Selous
Game Reserve (SGR) as a tool in conservationtlysinsethods to monitor lion populations
in SGR were carried out to suggest a total popradi 4300 (range 1700-6900),
representing Africa’s largest lion population. Téwlogy of lions in an 800 Knarea of
northern SGR (Matambwe) was studied from 2006-2@66,lion distribution in this area

was best explained by lean or dry season prey Eema

Lion trophy hunting in SGR and Tanzania was shawhave a negative impact on
the lion population (see also Packerl.,2010; Appendix 14.b). Therefore using several
different methods a sustainable lion quota for daafiting block of SGR is suggested, and all
data showed the need for the lion quota to be elutctSGR. Further study into the main
cause of unsustainable lion hunting practices detexd that blocks in SGR with the highest
lion hunting pressure (i.e. the most lions shotI@¥0 knf per year) were also the blocks
that experienced the steepest declines in tropitgkef from 1996 to 2008 and tended to be

under short-term lease from the government, buidgitothe government the most revenue.

Lastly, the perception of people involved in thetig industry in SGR to lion
trophy hunting was investigated. The highest nunobeespondents (49%) thought the lion
population was decreasing in SGR, and 78% of redguus thought the lion hunting quota
should be reduced. The detailed interviews withikéormants, highlighted many different
possible ways to reform lion trophy hunting; altepted that if they only hunted older lions
it would be sustainable. Although this thesis Ib@sn largely negative about the impact of
trophy hunting on lion populations in SGR, it isgantant to remember two things: i) lion
trophy hunting brings in large sums of money fonZania and conservation in areas not
particularly suitable to other land-uses (Bald¥)4£ Lindseyet al, 2006); ii) lions show
high population growth and as long as their halaitat prey base remain intact they have the
capacity to bounce back from large population Isgsee Packeat al, 2005a; Kissui &
Packer, 2004). The tools to make lion trophy mgsustainable are available, it is hoped
that they will be applied.
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7.2 MONITORING LIONS

The Selous is thought to contain Africa’s largegpylation of lions making it a
popular destination for trophy hunters and tourisiswever, little is known about their
current population status and so a range of data ealected from 2006 to 2009 to provide
this important information. Individual lions weidentified in an 800 kfstudy area in the
northern photographic part of SGR (Matambwe); wHdr2 lions were recorded in August
2009, giving a density of 0.14 lions Km This density has remained relatively constaorfr
2006 to 2009 and from 1997 to 1999, but the adidtratio has decreased from roughly 1
male : 1.3 female in 1997 to 1 male : 3 female®d09. Although these results are worrying
and have been used in other areas to highlightstaisable hunting practices (e.g. Loveridge
et al.,2007), a drop to 1 : 3 should not affect breedingcess (Rodgers, 1974). Audio
playback response surveys using buffalo distrelésipa were also carried out for a rapid
census of lions in three hunting sectors in thetye=st and south of SGR, and one
photographic area in the north of SGR. Estimatkdtdion densities varied from 0.02 to
0.10 kmi?, with the north and western areas having a higeasity of adults. The results
here highlight the value of call-ups in surveyimgptic hunted carnivores but stress the
importance of long term projects for measuring pajen trends.

7.3 LION DISTRIBUTION IN SELOUS GAME RESERVE

Carnivore species are threatened with extinctiatdua reduction in distribution and
abundance. The conservation of the lion in SGRultilmately depend on the accurate
assessment and understanding of their distribatnchabundance to allow for informed
management decisions. Other studies have usethhabsoil type (or amount of rainfall) as
surrogate proxies for resource availability or nuead prey availability directly in the field
(see Loveridge & Canney, 2009; Van Orsedbal.,1985). Both methods were used here to
determine what factors influence the distributidtians in the photographic part of SGR.
These methods can then be combined with anthropoganables (e.g. distance to villages)
to allow for a clearer picture of what factors ughce lion distribution. The study was
focused on an 800 Knstudy site in northern SGR. Lion distributiomiorthern Selous was
best explained by lean or dry season prey biom&s8.83; y=0.0005x + 0.1336). The mean
dry season prey biomass for the study site was kg3@n*, suggesting a lion carrying
capacity for the study site of 164 lions (0.21 fidmi?), which was above the observed

number of lions (112 lions or 0.14 lions KinHowever, another method based on the
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transect sightings of the lions’ preferred preygasgied a carrying capacity of 104 lions for
this area (0.13 lions Kf). Based on prey transects and field observatibfisns on kills,

lions in northern Selous showed a preference féfalwy zebra, giraffe and wildebeest and an
avoidance of warthog and impala. However, no i@ghip was noted between lion
distribution and buffalo sightings. Environmeraald anthropogenic factors that best
explained lion distribution in northern SGR werstdnce to the reserve boundary and

villages and soil type of an area.

7.4 LION TROPHY HUNTING IN SELOUS AND TANZANIA

Trophy hunting has provided important economic imiees for conserving large
predators (Baldus, 2004), but using trophy huntiaig be a risky strategy because carnivore
populations are difficult to monitor and some spsglike the lion, show a propensity for
infanticide that is exacerbated by removing adwdten (Packeet al, 2009). In Tanzania
only male lions can be hunted, and Tanzania’spigpulation is subjected to sizable harvests
by trophy hunters: an average of 243 wild lion higg were exported annually between 1996
and 2006. Harvest trends for lions were analyseolsa Tanzania’s 300,000 kmof hunting
blocks, and lion harvests declined by 50% acrosed@a between 1996 and 2008, and
hunting areas with the highest initial harvestdesefl the steepest declines (see Paekal,
2010). The management of hunting in SGR and Taazammriven by a quota system, which
is set through educated guesswork. Quantitatiaéyaes suggest that annual hunting quotas
be limited to 0.5 lions 1000 Kfof hunting area, except hunting blocks in the SGRere
harvests should be limited to 1.0 lion 1000%(see Packest al, 2010). Two other
approaches were used to examine the setting dibthéunting quota in SGR, namely: i) a
Normalized Difference Vegetation Index (NDVI) arxpert opinion approach to estimate
lion populations per block; ii) an individual-basstdchastic model to examine three different
lion population sizes hunted at current quota lewehere the impact of male breeding
commencing at under three years of age or fivesy@was investigated. A quota was
suggested for each block based on a figure beloyeecent of the adult male population.
The results of the model showed that larger si@gupimpulations were better able to sustain
high trophy hunting off-takes and populations whades reached a reproductive maturity at
a younger age were also more robust. All data sddtve need for the lion quota to be
reduced in SGR, and it is expected that such stiggewill be resisted by the hunting

industry in Tanzania. The hunting industry in Tamz is well established, influential, and
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nervous that any suggestions of a reduction tdtimting quota is a small but irreversible
step to banning trophy hunting in Tanzania (as bapg in Kenya in the 1970s and
Botswana recently). So it should be made absglatebr that there is no suggestion of a ban
of lion trophy hunting, merely a plea to reduce tagsdo more sustainable levels. An age-
based quota system, whereby the quota is increasdetreased depending on the quality or
age of the lion trophies, as implemented in Mozajuei(Begg & Begg, 2007), offers the

best potential for continued long-term succes$énlion trophy hunting industry in Tanzania.

Hunting companies in SGR, as in the rest of Tardease one or several hunting
blocks from the government, and the company, adiorexd earlier, is allocated a species-
specific quota for each block for the hunting sea@uly-December). The impact that length
of block tenure has on trophy hunting of lions BFSwas investigated. The blocks in SGR
with the highest lion hunting pressure (i.e. thestdimns shot 1000 kthper year) were also
the blocks that experienced the steepest declmneephy offtake from 1996 to 2008 and
tended to be under short-term tenure. These higlirg pressure blocks, however, brought
in the greatest amount of revenue for the govermikm®it of area. A move towards a
competitive market-based approach for block allocatvith a long-term tenure (5 years) is
strongly advocated here, away from the current osl@ance on pay-as-you-use trophy fee

per animal shot approach.

7.5 PERCEPTIONS OF TROPHY HUNTING IN TANZANIA

The important factor in the long-term survival bétlion will be human attitudes and
actions. Tanzania supports most of the world’saiemg free-ranging lions, and SGR has
the largest lion population. Lion trophy huntingcars in Tanzania and SGR. By looking at
articles in four daily newspapers throughout 2Q08,perceptions of the Tanzanian press
have been highlighted, for the first time, to baj conservation and trophy hunting. The
articles can broadly be divided into positive sgeron lion conservation and the importance
of lions to Tanzanian tourism, and negative stosiefiluman-lion conflict. Most of the
stories were related to human-big cat conflict48&les), closely followed by stories related
to big cats and tourism (71 articles). Trophy immton the other hand, had the least number
of stories (36 articles) and the articles weredfrgegative (58% of the time) and tended to
be linked to corruption. The perceptions of wildlihanagers and key players in the lion
trophy hunting industry in SGR were sought throggkstionnaires (n= 47) and detailed
interviews (n=10). The highest number of responsléf®%) thought the lion population was
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decreasing in SGR, and 78% of respondents thobghian hunting quota should be
reduced. The detailed interviews with key infortsahighlighted many different possible
ways to reform lion trophy hunting; all acceptedtth they only hunted older lions it would
be sustainable. There was, however, disagreemeainéusion on how to age lions, but the
fact that the majority of lions are shot at baitawd allow for more time to observe and age
lions. Most suggested reforms or changes to tphtr hunting industry in Tanzania were

perceived in a negative light by the hunting resfsorts.

There is much that is good about the trophy huntidgstry in Tanzania, but there is
clearly scope for reform and improvement. Manyhef necessary reforms are not new; from
competitive block bidding, to certification, to gritunting older animals. Yet there seems to
be reluctance to embrace these reforms, and therdanger of continued negative publicity.
The wildlife photographic industry now brings in aumore revenue than the wildlife
hunting industry for the government of Tanzania $U® million to US$ 20 million in 2006;
Tarimo, 2009), and employs more people. Therediarger that continued negative publicity
generated from trophy hunting will lead the goveemtnto ban trophy hunting to protect the
image of the country’s other wildlife based tourisrdustries, as has recently happened in
both Botswana and Uganda. In terms of lion troplwyting, all the tools required to make it
sustainable are available; some hunting compamies readily adopted them, others have

not. The government has a role in demanding afat@ng such changes.

Joseph Conrad is buried in Canterbury, near theddsity of Kent. Many of his
arguments for and against colonialism in the eb®§0s in The Heart of Darkne$shave
some resonance around the current “use it or toskelbate of trophy hunting in so far as
comparing the detail to the big picture. On a brseale, colonialism had the potential to
bring development and trade to areas. Howeverwassvery different to the reality of the
abuse of power encountered by Marlow, Conrad’saattar in the Congo. Furthermore,
many of Conrad’s assertions on colonialism are, mof010, politically unacceptable. The
big picture of trophy hunting is that it providesioh needed capital for wildlife conservation
in areas that may struggle to raise funds througaractivities (Lindsewt al, 2006), the
detail is the possibility of corrupt practices (deaWilliamset al, 2009) and over-hunting
(Packeret al.,, 2009) funded by a group of people willing to pange sums of money to shoot
animals for pleasure. It will be interesting t@ $®w future generations judge today’s

actions and arguments.
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7.6 LIMITATIONS OF THE RESULTS

As repeated several times, SGR is the size ofzZévléind. An attempt to cover as
much ground as possible was made, but there idyckedémit to how much ground two cars
can cover. Furthermore any research into tropmgihg in Tanzania is politically sensitive.
The government of Tanzania kindly gave me permmssonork in the hunting areas of SGR,
but understandably only with the hunting conces&aser’s permission. As almost half of
SGR blocks (~22,000 kinare leased to one person, it was felt that ppst would be
important to the success of the project. Thresngits were made to meet him to try and
develop a working relationship and gain permissmmwisit his areas. However, after the
third visit in June 2007 all our research permiesevcancelled. It took three months of
negotiation to be allowed to carry on with the potj | had to agree to focus on a lion
population study in the photographic area of SGRtévhbwe), and to accept that trophy
hunting was a government affair not open to inddpanresearch.

From September 2007 to January 2009, the projastbased at Matambwe and |
focused on a lion population and ecology studyehdt was felt that the results of Chapter 3
would have been more useful had there been moadetetiata from other parts of SGR. In
2009, during the non-hunting season (January-Juma$ given permission to visit the
hunting areas again. This was also the rainy seasathe logistics of this exercise was
challenging, but census data from three differemiting areas in SGR were collected. More
research on lions is certainly needed from theihgrareas of SGR.

In December 2007, a new Director took over athkllife Division, which led to
access to lion and leopard trophy hunting datatier2008, which probably represents the
project’s biggest success. Six weeks were speldticw) and inputting this data onto
databases and checking the data against earl@ndse(e.g. Selous Conservation Project
records). Some of filing was poor, and data weissimg for many blocks for several years.
The SGR had the most complete records with 87%adolali

The sample size of interviews and questionnairéshapter 6 is a limiting factor, but
it is difficult to talk to people if they do not wato talk to you. Furthermore, little attempt
was made to look at the economics of trophy huntivigch would be an important factor
when considering the sustainability of the activiBoth the government and hunting
companies are extremely sensitive to allegatiorcooiuption.
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7.6.1 Further work:

“The Selous is remote, difficult to access, lighgplored and still poorly documented”
(Rodgers, 2009). It has been a privilege to stimhs in SGR for three years. There has
been very little research work in SGR, and | feglould be important to carry on working in
SGR. While | was working there, the only othei-tuhe project in the area was a rhino
conservation project, which was suspended in 200tre is enormous scope for further
work in SGR on lion trophy hunting and related tspand future research should focus on

the following topics:

Lion aging in SGR: | have over 130 lion individual identification cardnd would
want to continue to monitor these lions, especidlg/known aged lions born during
the period of this project. This could highlighat nose colour could be used to age
lions in SGR and thus potentially in other area$arizania, or develop other
methods to age lions.

Mane study: In lions, tourist hunting targets large males vidlge manes. Studies of
four year old big-horn sheepyis canadensjswhere trophy hunting targets large
animals with large horns has shown that body weaghithorn size significantly
decreased over the period 1972 to 2002 (Coltetat.,2003). In the Selous, the
males are well known for having small manes (themven talk of two types of lions
in SGR, one that grows a mane and one that dogsnbéther this is a result of
tourist hunting selection or environmental consadiens (e.g. the climate is too hot to
support males with large manes, as is the caseamol Kenya; West & Packer, 2002)
would be interesting to investigate.

Genetics study:l have begun collecting lion tissue samples andtallaborating

with Goran Spong at University of Umea on this. kié&e over 160 samples from
across SGR and would be interested in looking ahges in gene frequencies,
dispersal, or population structure.

Monitoring of trophy quality: In Tanzania, all trophies are exported from either
Arusha or Dar es Salaam. If a process of indepgnaification of trophies could

be developed that hunting companies would agreitoywould represent a
considerable achievement in making trophy huntusgesnable in Tanzania.
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7.7 SUMMARY

This thesis has established that lion trophy hgnitinSelous Game Reserve (SGR)
peaked in 1998, and since then has decreased byth@¥ne number of trophy hunters has
increased over this period. Investigation intortien cause of unsustainable lion hunting
practices determined that blocks in SGR with tlghést lion hunting pressure (i.e. the most
lions shot per 1000 khper year) were also the blocks that experiencedtitepest declines
in trophy offtake from 1996 to 2008 and tendedd¢aibder short-term tenure/lease from the
government, but these blocks brought the governthengreatest revenue. The lion
population of SGR was established as 4300 (ran§6-6900), representing Africa’s largest
lion population. The ecology of lions in an 800%amea of northern SGR (Matambwe) was
studied from 2006-2009, and lion distribution irstarea was best explained by lean or dry
season prey biomass. All data showed the nedtiédion quota to be reduced in SGR.
Lastly, the perception of people involved in thetmg industry in SGR to lion trophy
hunting was investigated. The detailed interviewtd key informants highlighted many
different possible ways to reform lion trophy hunggj all accepted that if they only hunted

older lions or reduced the quota it would be susiale.
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Appendices

APPENDIX 1: Lion Identification Card. Front and back of a card shown belondividual
identification cards have been made for Jions in the study areah€se cards have be

scanned, and are available on CD on re«.
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APPENDIX 2: Centre point of pride territories of lions in Mathawe sector of SGR from

2006-2009, and points marking human-lion conficareas bordering SGR during the same
period.

Two of the three lions collared by the project wiers and their collars subsequently found
in villages bordering the Matambwe sector. Oneacallas found near the village of Duthumi
in August 2008 and the other near the village dfda in August 2009. It could not be
established how the collars got to their final komas, but a sub-adult male lion was killed

near the village of Zom Gomero off September 2008 and a person was killed by a kam n
Duthumi on &' June 2008.
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APPENDIX 3: Lion Movement Patterns; visual representation efgburce of Table 2.3.
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APPENDIX 4: Comparison of Lion Demographic Between Differenp&lations.

Location Average Density Average | Average Pride| Author
Group Size Territory
Selous 2006-2009 | 0.14 per kmAll 3.3 Female | 12.7 knf 50% | This study
(Matambwe; North) | 0.09 per krA Adult | 1.7 Male 48.4 knf 90%
3.4 Cub
Selous 1996-1999 | 0.16 per kmAll 3.4 Female | 11.7 knf 50% | Spong, 2002
(Matambwe; North) | 0.10 per krhi Adult | 2.4 Male 52.4 knf 90%
5.3 Cub
Selous 1967-1972 | 0.08 per kmAll 3.2 Adult - Rodgers, 1974
(Kingupira; East)
Serengeti 1966-20060.10 per krh Adult | 4.6 Female | 62 khi75% Mosseet al, 2009
Ngorongoro 0.30 per kmAll 30 knf 75% Kissui & Packer,
1962-2006 But has varied 2004
from 0.04 to 0.40
per knf over this
period.
Tarangire 0.07 per kA All Kissui, 2008
2003-2007 (Highest was 0.1
per knf)
Manyara 1966 & 0.1 per kmAll Schaller, 1972 &
2004 recent unpublished
survey (lkanda, D.
pers com.)
Katavi 1999 & 2008| 0.07 per Knadult. Caro, 1999
0.04 per krh adult Kiffner, 2009
(range 0.02 - 0.1
per knf adult).
Masai Mara 0.2-0.3 per km 22 All Ogutu & Dublin,
9.2 Female 1998
2.4 Male
Kruger 0.1 per krmadult. 11.8 All Funstoet al, 2003
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APPENDIX 5: Habitat map for northern SGR; reduced to threethabjpes.

Grassland: light brown.Open woodland:light greenClosed Woodland/natural forest:
dark green.

1#2# * 1

'€ %% ( P$ + (( L& &S%

Grassland (n=123), Open woodland (n=380), and ldbkorest (n=38). Lion density figures
from Figure 3.2. Mean * standard deviation.
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APPENDIX 6: All prey preference data.

Species Seen p Kills r D
Buffalo 446 0.034 10 0.179 0.719
Syncerus caffer

Bushbuck 1 0.000 2 0.036 0.996
Tragelaphus scriptus

Eland 62 0.005 0 0.000f -1.000
Tragelaphus oryx

Elephant 67 0.005 1 0.018 0.557
Loxodonta africana

Giraffe 586 0.045 7 0.125 0.504
Giraffa camelopardalis

Hippopotamus 1 0.000 0 0.000; -1.000
Hippopotamus amphibius

Impala 7701 0.591 2 0.03q  -0.95(
Aepyceros melampus

Kongoni (Hartebeest) 7 0.001 2 0.036 0.971
Alcephalus buselaphus

Greater Kudu 4 0.000 0 0.000 -1.000
Tragelaphus strepsiceros

Warthog 374 0.029 1 0.018 -0.239
Phacochoerus africanus

Waterbuck 9 0.001 0 0.000 -1.000
Kobus ellipsiprymnus

Wildebeest 2716 0.209 19 0.339 0.322
Connochaetes taurinus

Zebra 1046 0.080 12 0.214 0.515

Equus burchellii
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APPENDIX 7: Observed kills versus predicted kills (based ogvirbad & Kerley 2005;
Hayward et al. 2007a).

Linear regression?= 0.77, ,P<0.01

Prey Observed Kills Predicted Kills
Buffalo 10 4
Zebra 12 6
Giraffe 7 4
Wildebeest 19 24
Warthog 1 2
Bushbuck 2 0
Eland 0 0
Impala 2 3

Total 53 43

2
o3
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APPENDIX 8: Lion pride territories versus dry season prey laes

/

2%5 #+*x 1 9.

Result not significant due to small sample size.
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APPENDIX 9: Results of simulation model

* In 171 lion starting populations all survive.
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APPENDIX 10: Human population by ward surrounding SGR.
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Appendix 11: Newspaper Data

Newspaper Name:

Is the story in: Swahili or English

Date when article published:

Article Content:

Please use this space to write any
comments:

1) Trophy Hunting: Y / N

1la) Hunting companie¥ / N

(For example if the article does nqg
fit into any of the topics).

1b) Corruption Y/ N

1c) Lion Y/ N

1d) Other: Please State Below

2) Lion human conflict: Y/ N

2a) Man-eating Y/ N

2b) Livestock killing Y/ N

2c) Lions near towns Y/ N

2d) Other: Please State Below

3) Lion conservation: 'Y / N

3a) PopulatiorBidlogy Y/ N

3b) Habitat Loss Y/ N

3c) Research/ TAWIRI Y/ N

3d) Other: Please State Below

4) Lions and tourism: 'Y / N

4a) National Park Y/ N

4b) Game Reserves Y/ N

4c) Tourist attraction Y/

)

=

4d) Other: Please State Below

Article Length / Location:

5a) More than one page 5b) One Page 5c} thas one page 5d) Less than half page LBs}

than quarter page

Are there photographs / pictures with the article? Y / N

How many pictures?

Article is on what page?

Total number of pages in Newspaper:

Where in Tanzania is the article about?
All (general) or please state region / district:

Do you feel the article ipositive or negative about lions /

hunting?
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Appendix 12: Questionnaires

General Information.

) Do you work for: 1) Wildlife 2) Hunting tourism  3) Photographic tourism
Division company company / Lodge
4) Other; Please state:

II) How long have you been involved with/ workedSelous Ecosystem?

1) 0-5 years 2) 5-10 years 3) 10-15 years 4) +eby/
[Il) Over the last year, how long were you in Saldtcosystem?
1) less than 1 month  2) 1-3 months 3) 3-6 months  + @)months.

IV) Where were you? Please circle the Blocks tlat lyave been to, and also tick the
boxes for Sectors/Areas you feel you have good kedye of:

1) Matambwe Sector | |  Blocks: B1 KY1 LA1 MK1 R8&l Z1

2) Msolwa Sector | Blocks: K4 K5 M1 M2 R1 R4 U1l U2

3) Kingupira Sector | Blocks: LL2 LL3 MA1 MSRU1 U3 U4

4) llonga Sector | Blocks: IH1 K1 K2 K3 L1 0UU2 LU3LU4 LU5S

5) Miguruwe Sector | Blocks: LL1 MJ1 MT2

6) Liwale Sector | Blocks: MB3 MH1 ML1 MT1

7) Likuyu Seka Sector | | Blocks: LU6 LU7 LU8 MB2

8) Kalulu Sector | Blocks: MB1 N1 N2

9) Wildlife Management AreasD Please state which AMN Selous area (and state if
visited):

10) Game Controlled Areas D Please state which GC2eious area (and state if
visited):

11) Open Areas D Please state which Open Area (atalibvisited):

12) Other/Comments. Please
write any other comments here:

V) Are you a: 1) Tanzanian Citizen 2) TanzanResident 3) Other, please state

Perceptions of Populations:

) Is the population of elephant: 1) Increasing) Decreasing 3) Staying the same
4) Don’t know

I) Is the population of buffalo: 1) Increasin@) Decreasing 3) Staying the same
4) Don’t know

[I) Is the population of lion: 1) Increasin@?) Decreasing 3) Staying the same
4) Don’t know

IV) Is the population of leopard: 1) Increasing) Decreasing 3) Staying the same
4) Don’t know

V) Any other comments on population trends:

153



Information on Lions:

I) How often do you see lions (or signs of liongy.dootprints)?
1) Weekly 2) Monthly 3) Every 3 months Yharly 5) Never

I) If you see lions, what is their general grouge®
1) Don't see lions 2) Small groups; 1-5 lion8) Medium groups; 5-15 lions
4) Large groups; +15 lions

[1) If you see male lions, in general how big #neir manes?

1) Don't see male lions 2) No manes 3) Sligané 4) Incomplete marfe

5) Full mané&

A: On front of neck and chest, ridge along backedtk.

B: Mane forms a complete ring around face, buteliga space between the central tuft of hair erhtrad
and the ears.

C: Heavy manes with long hair on throat and chesspace between central tuft and ears.

IVV) Do you have any data on lion numbers in yo@a& 1) Yes 2) No

V) If yes, please complete table below, if no,tevil/A here:

Area/Block | Pride Name No. of Adult| No. of Adult| No. of Comments
Females Males Cubs

lllegal Resource Use in Protected Areas

) Is there illegal resource use in your area? 1) Yes 2) No

I) If yes, what is the main form of illegal use?
1) Elephant poaching 2) Bushmeat poaching is3)ifg 4) Timber/wood extraction
5) Other; Please state:

ll) If there is illegal resource use, what propamtis accounted for by each of the
categories below? For example, 40% accounted f@ldphant poaching, 40% accounted
for by fishing, 15% accounted for by timber extraet 5% by other (e.g. honey
harvesting). If this question is not applicableiteN/A here:

lllegal Resource Use Proportion (% Please write@mments
1) Elephant poaching here:

2) Bushmeat poaching

3) Fishing

4) Timber/wood extraction

5) Other; please state:

5) Other; please state:

IV) How often do you see signs of illegal resounse?
1) Daily 2) Weekly 3) Monthly 4) Every 3 mihs 5) Yearly 6) Never

V) How often do you see people illegally in thretected area?
1) Daily 2) Weekly 3) Monthly 4) Every3mihs 5) Yearly 6) Never

V1) If you see people illegally in the protectaea, what size groups are they in?
1) Don’t see people 2) Small groups; 1-5 peop® Medium groups; 5-15 people
4) Large groups; +15 people
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Perceptions of Management of the Selous

) lllegal use of natural resources (poachinghia Selous is:
1) Decreasing 2) Increasing 3) Staying thmesa 4) Don’'t know

II) An increase in tourist numbers will have a ngaimpact on the Selous.
1) Strongly agree 2) Agree 3) Don’t know 4¥&yree 5) Strongly Disagree

ll) In the Selous, areas used for photographieison should:
1) Decrease 2) Increase 3) Stay the sa)eDon’t know

IV) In the Selous, hunting by tourists is good donservation.
1) Strongly agree 2) Agree 3) Don’t know 4¥&yree 5) Strongly Disagree

V) Human-wildlife conflict around the Selous is:
1) Decreasing 2) Increasing 3) Staying thmesa 4) Don’t know

VI) Communities living around the Selous are benejifrom living near the Selous.
1) Strongly agree 2) Agree 3) Don’t know 4¥&yree 5) Strongly Disagree

Tourist / Trophy Hunting. For Wildlife Division and hunting company persehonly.

[) Tourist hunting in Selous is sustainable.
1) Strongly agree 2) Agree 3) Don’t know 4%&yree 5) Strongly Disagree

II) The hunting quota for lion should be:
1) Decreased 2) Increased 3) Stay the safdon’t know

[Il) The hunting quota for lion is not necessarmglyoolder lions should be hunted.
1) Strongly agree 2) Agree 3) Don’t know 4%&yree 5) Strongly Disagree

IV) If lion hunting is restricted by their age,should be restricted to males over:
l)4yearsold 2)5yearsold 3)6 yeads ol4) 7 yearsold 5) Not applicable

V) The colour of the lion’s nose is a good indaradf the lion’s age.
1) Strongly agree 2) Agree 3) Don’t know 4%&yree 5) Strongly Disagree

V1) Please list other methods that you use to ageslin the field:

VII) In hunting situations, what proportion of nealthat you come across do you leave?
1) None, shoot all males seen 2) 1 out of eBemales seen is not shot 3) 2 out of
every 5 males seen is not shot 4) 3 out ofyeanales seen is not shot  5) 4 out
every five males seen is not shot 6) Questigoisapplicable.

VIII) If you do not shoot males in hunting situatg® why do you leave them?
1) Male is too young  2) Male is with femaleslaubs 3) Male is mating with fema
4) Conditions are not right for hunting 5) Othglease state:
6) Question is not applicable.

XI) Concession / block fees should be:
1) Decreased 2) Increased 3) Stay the sadon’t know

X) Trophy / Game fees should be:
1) Decreased 2) Increased 3) Stay the safdon’t know

XI) Any other comments on trophy hunting:

Thank you for completing this Questionnaire. Péeturn to: Henry Brink, Selous Lion
Project, Box 34514, Dar es Salaam.
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Appendix 13 Semi-Structured Interview

Date: | Starttime: | Endtime: | Nationality:

Job: | Age: 20-30 30-40 40-50 50-60 +60 Sex: M

Interviews should last between one to two hourd,\aifl take the following format. First,
assure the interviewee of the confidential natdirda® interview, and then carry out above
guestionnaire with the individual, which will bellfoved by questions on the following
themes:

* Establish the Interviewee’s Area of Expertisa] &ocus on that.

Where in the Selous/Kilombero have they worked? How have they worked there?
(Covered in questionnaire — but expand here, iesgary).

Have they been to the field recently? Where? When?

» Knowledge of Lion in their Block/Selous

What knowledge do they have of lions in their bl/ekea? (Covered in questionnaire — but
expand here, if have detailed knowledge). Havestheen any censuses in their block/area?
Where do they generally see the lions? Specifia 668 S?) or general habitat types (e.g.
near water, dense woodland, open areas). What gtogoubf lions do you think Selous
supports?

What do the lions feed on in their blocks/area?

Do they see females more often than males? Gepgmmmposition in more detail.

* Perceptions of Lions
Are lions important to the hunting industry? Whywdry not?

» The Process of Tourist Hunting for Lions.

Describe in detail how you hunt lions. Trackedsusrbaited? What are the advantages of
each system? How do you track lions/bait lions? Haowech bait? What used as bait? How
much time do you have to observe the lion prigtooting it?

How many male lions do you choose not to shoot?t\Wéhthis decision based on?

How do you deal with a client who is keen to shadion, but you've said no?

What sort of support/authority do you have to uphgur decision?

Discuss Tanzania wildlife policy and lions.

Is tourist hunting of ‘problem’ lions in areas anouSelous feasible (HWC reduction
method?)?

* Aging Lions in the Field.
Can lions be aged accurately in the field? Why by wot?
If they can be aged, how do you age a lion? Havetyed to age a lion using nose colour?

» Management Concerns in the Selous.
Are there any concerns for the management of Seldsat? Why?

* Suggestions for Improving Conservation in theo8sl

Based on previous question, what can be done tmieponservation in Selous (only ask if
problems are identified)?

What do you think of competitive block bidding?
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APPENDIX 14:

Appendix 14.a: Packer, C., Kosmala, M., Cooley,.HBsink, H., Pintea, L., Garshelis, D.,
Purchase, G., Strauss, M., Swanson, A., Baime&i@ter, L. & Nowell, K. (2009) Sport
Hunting, Predator Control and Conservation of Latgenivores. PLoS Ong(6). e5941.

Appendix 14.b: Packer, C., Brink, H., Kissui, B.NMaliti, H., Kushnir, H., & Caro, T.

(2010) Effects of trophy hunting on lion and legpaopulations in Tanzani@onservation
Biology. In Press.
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Introduction by male-biased trophy hunting; in fact, among ursids, SSI has

) ] been documented in only one population of European brown
Management agencies typically skew harvests toward males jugrs . arctgg7+9].

order to protect adult females. However, in species with extensive \we extracted data from the UNEP World Conservation
paternal investment such as African liofsifthera Jedrophy  \jonitoring Centre (WCMC) CITES trade database (See
hunting can increase the rate of male replacement (and associat@gherials and Methods). Data on total trophy harvests of lions
infanticide) to the point of reducing population size unless offtakegnq |egpards are not available, so we used CITES-reported
are restricted to males old enough to have reared their first cohorgyorts, which in cougars and black bears were highly correlated
of dependen\t‘offsprm@(SfG yrs of age) [1+3]. Solltary felids havg with domestic sport-hunting totals (Supporting Information Fig.
none of the “safety nets” provided by the cooperative cub rearing). |ikewise CITES-reported trade in Tanzania's lion trophies
strategies of African lions [4£5], and Fig. 1ab illustrates the great&howed a close match between imports and exports. Given
vulnerability of solitary species by examining the effects of trophystained market demand, harvest trends should provide a
hunting on a hypothetical population of “solitary lions™ while ygasonable proxy of population trends since sport hunters use
leaving other demographic parameters from ref. [1] unchangedniensive methods such as baits and hounds to locate these
(Supporting Information Table S1, also see ref. [6]). Leopardsypimals, and quotas on annual offtakes are either too high to limit

(Panthera pafdusay be more sensitive to sport hunting than parvests or (for black bears) reflect the management agency's
solitary lions (with a safe minimum age of 6+7 yrs of age, Fig. 1C2)ercepti0n of population trend [10].

whereas cougar-€lis concdlonales can be safely harvested as
young as 4 yrs of age (Fig. 1d). Results

We tested whether infanticidal species are vulnerable to over-
hunting by focusing on four large carnivore species with sizable Fig. 2 shows the annual CITES exports for lions and leopards
markets for sport-hunted trophies, comparing three infanticidaland US offtakes of cougars and black bears (See Materials and
felids (lions, cougars and leopards) to American black Hgesss Methods). The reported number of trophies increased rapidly
americaugVe used black bears as a control case because malesacross all four species as markets grew during the 1980's and
not kill cubs in order to increase mating opportunities (sexually1990's [11+12]. Offtakes have continued to increase for black
selected infanticide £ SSI), so rates of infanticide are not increaséears, reflecting the sustained growth of bear populations
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Figure 1. Average number of adult females in population simulations where all eligible males are removed during a 6-mo hunting

season each year for 100 yrs. Colors indicate outcomes for different age minima for trophy males; each line indicates average from 20 réns.
Population changes for “social lions" follow the assumptions and demographic variables in ref. [1] except to restrict hunting to 6-mo seasons and to
incorporate additional details of dispersal, survival and reproduction [44+4B].Population changes for a hypothetical lion population where males
and females are solitary and each territorial male controls one fema. Population changes for leopards based on long-term data from Phinda
Private Game Reserve [33,47] and other sources [37,88]Population changes for cougars based on demographic data from refs. [27,49+53].
doi:10.1371/journal.pone.0005941.g001

throughout North America [13]. Leopard offtakes reached aneach country. The harvest trends are also consistent with recent
asymptote in most countries, except for declines in Zambia in theurveys suggesting a 30% continent-wide population decline in
1980's and Zimbabwe in the 1990's and a recent CITES-grantedAfrican lions [15] and declining cougar populations in several US
increase to Namibia. In contrast, lion offtakes peaked then felstates [16+17]. Conversely, black bear populations appear to be
sharply in the 1980's and 1990's in Botswana, Central Africanincreasing across their range [13], even in states where cougar
Republic, Namibia, Tanzania, Zambia and Zimbabwe. Cougar populations have declined (Fig. 2). Although not apparent from
offtakes showed similar peaks and declines in the 1990's imost hunting offtakes, leopards have undergone an estimated
Arizona, Colorado, Idaho, Montana and Utah (Fig. 2). range decline of 35% in Africa [18] and were recently listed as
The downward harvest trends for lions and cougars (highlightedNear Threatened by IUCN due to habitat loss, prey depletion,
in Supporting Information Fig. S2) most likely reflected decliningillegal skin trade and problem animal conflicts [19].
population sizes: success rates (as measured by harvest/quotaJrophy hunting is likely to have contributed to the declines in
have fallen for both cougars and lions (Supporting Informationlion and cougar populations in many areas. Over the past 25 yrs,
Fig. S3). Demand for lion trophies (as measured by total importthe steepest declines in cougar and lion harvests occurred in
from across Africa) has grown in the US and held stable in the EUurisdictions with the highest harvest intensities (Fig. 3a). Similarly,
since the mid-1990s, sustained in recent years by imports dfunting blocks with the highest lion offtakes per 100& km
trophies of captive lions from South Africa [12,14] (Supporting Tanzania's Selous Game Reserve showed the steepest declines
Information Fig. S3). Several countries instituted temporary bandetween 1996 and 2008 0.26, n=45 blocks, P =0.0004). The
on lion trophy hunting (Botswana in 2001+2004, Zambia in 2000+Selous is the largest uninhabited hunting area in Africa
2001 and western Zimbabwe in 2005+2008) or banned femal¢55,000 ki) and has long been the premier destination for lion
lions from quota (Zimbabwe, starting in 2005), but these measuresophies. Across jurisdictions, declining harvests were unrelated to
were implemented well after the major decline in lion offtake inhabitat loss for either lions or cougars (Fig. 3b) or to snow
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Figure 2. Domestic offtakes of a) cougars and b) black bears and CITES-reported trophy exports of c) lions and d) leopards. For US

states: AK=Alaska, AZ=Arizona, CA=California, CO=Colorado, ID=Idaho, MN=Minnesota, MT=Montana, NM=New Mexico, NV =Nevada,
OR=0regon, UT=Utah, WA=Washington, WY =Wyoming. For CITES data: BW=Botswana, CF=Central African Republic, MZ=Mozambique,
NA =Namibia, TZ =Tanzania, ZM = Zambia, ZW = Zimbabwe.

doi:10.1371/journal.pone.0005941.9002

conditions for cougars. We modified our population simulationcompared to peak culls of 150/yr in 1946+1949 [24], and Montana
models to estimate impacts of sport hunting in a changingsport hunters harvested 800/yrin 1997+1999 vs. 140/yr in the peak
environment and found that habitat loss only imposes an additiveé bounty" years of 1908-11 [25]. Likewise, South Africa exported
effect on the impact of trophy hunting (Supporting Information 120 leopard trophies per year in 2004+2006, similar to the cull of
Fig. S4). Note that habitat loss in many African nations has beeli33 leopards per year in Cape Province (which covered most of the
so extensive (Fig. 3b) that lion offtakes have failed to recover faountry) during 1920+1922 [26].
10+£20 yrs following the peak harvest years except in Namibia.  Fig. 4 shows the potential consequences of coupling a 40% cull
Although trophy hunting of lions and cougars is often portrayedof cougars with intensive sport hunting if the control program only
as an economic strategy for increasing support for carnivoréargets males (reflecting traditional trophy hunting), removes males
conservation, local communities often seek extirpation of problenand females in proportion to their abundance, or only removes
animals [15,20+22]. Thus, sport hunting quotas may sometimeadult females. Fig. 4adg show population trends for the maximum
reflect pressures to control carnivores rather than to conserve therfixed offtakes that never resulted in population extinctions during
Across Africa, countries with the highest intensity of lion offtake als@0 simulations, whereas Fig. 4beh show the minimum fixed
had the highest number of livestock units per million hectares oharvests that caused extinction in all 20 runs (often within 10 yrs of
arable land (P=0.047, n=7). In the US, Oregon announced plansan initial decline). Fig. 4cfi show the consequences of applying the
in 2006 to reduce its cougar population by 40% to decreasemaximum “‘safe" offtakes if the population were inadvertently
depredation on livestock, pets and game mammals [23], Washingulled by 50% because of inaccurate population estimates.
ton altered its cougar quotas in response to human-wildlife conflict€onsistent with population viability analyses [27+28], a female-
in the 1990s+2000s, and recent offtakes have exceeded governmemtly harvest comes closest to maintaining a persistent population
sanctioned eradication programs in several states. For exampleduction; a mixed male-female strategy allows the largest number
Utah's sport-hunting cougar harvests averaged 500/yr in 1995-7f trophies to be harvested; a male-only harvest never maintains a
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Figure 3. Recent trends in cougar offtakes (blue) and lion offtakes (red) as functions of a) harvest intensity and b) habitat loss.
Jurisdictions with the highest harvest intensity showed the greatest decline in cougar offtake$<0.5151, P =0.0129) and lion offtakes* & 0.5796,
P =0.0468). Habitat loss is plotted on a log scale to allow comparison between the African countries and the US states.
doi:10.1371/journal.pone.0005941.g003

40% reduction in population size and has the smallest margin obn quota [3], and the duration of lion safaris increased by nearly

error (male-only harvests can have catastrophic effects even 8% from 1997 to 2001 (Supporting Information Fig. S3).

non-infanticidal species [29]). Similarly, hounds have been used to hunt leopards in Zimbabwe
These simulations assume a fixed harvest whereas many wildlifince 2001, potentially masking a continued population decline.

agencies reduce their quotas in response to lowered offtakes

(Supporting Information Fig. S3 also see ref. [30]). Howeverpiscussion

offtakes may often be maintained at constant levels through

compensatory increases in hunting effort, running the risk of an Mortality from state-sanctioned and illegal predator control

““anthropogenic Allee effect” [31+32]. Hunters in Zambia, likely contributed to the overall population declines of cougars and

Zimbabwe and Tanzania maintain their lion harvests by shootinglions; while leopards are also killed as pests, the leopard's CITES

males as young as 2 yrs of age (Fig. 5). In Zimbabwe, high lioAppendix | status requires international approval for national

offtakes were sustained from 1995 until 2005 by allowing femalesxport quotas, potentially providing safeguards against overhar-
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Figure 4. Simulated cougar populations subjected to an initial cull followed by fixed offtakes for 50 yrs. The initial cull is either 40%

(top and middle rows) or 50% (bottom row), and the subsequent harvests are either the maximum offtake that incurred no extinctions in 20 runs
following a 40% cull (top and bottom rows) or the minimum that produced 20 extinctions in 20 runs following a 40% cull (middle row). In the
absence of sport hunting, the stable population size in these simulations is 527 reproductive females (indicated by the heavy black line in each
graph); a 40% reduction in population size is indicated by blue lines, a 50% reduction by red lines. Each column represents a different harvest
strategy: male only (left column), males and females (middle) and female only (right). Demographic parameters are set as in Fig. 1; quotas allow
offtake of animals as young as 2 yrs; each graph shows outputs from 20 runs.

doi:10.1371/journal.pone.0005941.9004

vest. However, leopard exports have declined in some countriethe absence of direct oversight in remote hunting areas would
quotas have risen in others, and concerns have been raised overake enforcement difficult. Alternatively, the age-minimum
the level of problem animal offtakes and the management oharvest strategies illustrated in Fig. 1 could be implemented
leopard hunting practices [33+35]. Further, leopard populations inwithout risk of over-hunting, assuming that ages can be reliably
many areas may have been “released” [36] by large scale declinestimated before the animals are shot [41] rather than afterwards
in lion numbers: lions inflict considerable mortality on leopards[42]. Unsustainable levels of trophy hunting of lions and cougars
[37]; consequently, hunting blocks in Tanzania's Selous Gameppear to be driven by conflicts with humans and livestock: the
Reserve with the highest lion harvest intensities showed the largggtensity of lion hunting was highest in countries with the most
increaseis leopard harvests (P=0.0059 after controlling for intensive cattle production, and wildlife managers are under
declines in lion offtakes, n=45 blocks). Thus the full impact ofsimilar pressure from US ranchers to raise cougar offtakes. Thus
current trophy hunting practices on leopards may not be fullyan even more fundamental challenge for carnivore conservation
apparent for several more years. will be to build community tolerance for predators by reducing the
Harvest policies for infanticidal species such as lions, cougaffeed for retaliatory predator control and by improving benefit
and leopards that relied on ““constant proportion" or “fixedsharing from well managed trophy hunting [15].
escapement” could help protect populations but require accurate
information on population size and recruitment rates, which arepaterials and Methods
virtually impossible to collect; a harvest strategy of “constant
effort" can more easily be achieved by measuring catch rates and We analyzed trophy exports (http://www.unep-wcmc.org/
regulating client days [38+40]. Hunting efficiency could be citestrade/) by using the term ““trophy" and restricting the analysis
reduced by banning or limiting the use of baits and hounds, butto countries that exported at least 25 trophies of a particular
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Figure 5. Sample of under-aged male African lions shot by sport hunters in various countries from 2004+2008.
doi:10.1371/journal.pone.0005941.g005

species for at least 2 yrs from 1982 to 2006 (excluding captive-bred Offtake data for black bears and cougars were provided by the
lion trophies from South Africa). Other types of exports (skinsplaska Dept. of Fish & Game, Arizona Game & Fish Dept.,
were also analyzed for lions, since non-standard terms ar€alifornia Dept. of Fish & Game, Colorado Division of Wildlife,
sometimes used by reporting countries [43], but these did notdaho Fish & Game, Minnesota Dept. of Natural Resources,
alter overall export trends. Data on Tanzanian hunting quotasMontana Fish, Wildlife & Parks, New Mexico Game & Fish,
were provided by the CITES office at the Division of Wildlife Nevada Dept. of Wildlife, Oregon Dept. of Fish & Wildlife, Utah
headquarters in Dar es Salaam; data on duration of hunting safariBivision of Wildlife Resources, Washington Dept. of Fish &
in Zimbabwe were from the head office of Parks and Wildlife Wildlife, and Wyoming Game & Fish. Note that all cougar offtakes
Management Authority in Harare. in California are due to predator control.
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“Harvest intensity” is the average harvest of the three peakimbabwe. Catch rates are (offtakes/quotas). Catch rates have
offtake years divided by the extent of habitat in that state/country.generally declined because offtakes have fallen more quickly than
Regression coefficients were calculated across the time periaiotas. Catch rates briefly improved in Utah and Botswana when
beginning with the earliest of the three peak harvests and ending iquotas were adjusted downwards, but subsequently resumed an
2006 for cougars or the last of the three lowest subsequent harvesterall decline; Montana's adjustments in quotas are too recent to
years for lions (Supporting Information Fig. S3); percent change isvaluate. For Zimbabwe, vertical lines indicate standard errors;
the regression coefficient divided by the peak harvest. Limited liomumbers are sample sizes; duration of lion hunts became
and leopard offtake data were available from 1996+2008 irsignificantly longer between 1997 and 2001 (F01). No other
Tanzania's hunting blocks; trends were only calculated for blockslata are available on quotas or hunt durations from these or other
reporting$ 5 yrs of activity. countries/states. The bottom graphs show that declines in lion

Cougar habitat is forest cover taken from the National Landtrophy exports are unlikely to reflect declining market demand;
Cover Database (NLCD) www.mrlc.gov/changeproduct.php; lion imports of lion trophies have increased, especially in recent years
habitat is the extent of GLOBCOVER land classification for captive-bred or ““canned" lion trophies for South Africa. The
categories 42, 50, 60, 70, 90, 100, 110, 120, 130, 134, 135, 13@leclines in trophy exports are also unlikely to be caused by
160, 161, 162, 170, 180, 182, 183, 185, 186 and 187 in eaclirregular reporting; adding additional exports of skins from
country, see http://postel.mediasfrance.org/en/DOWNLOAD/ Botswana, Tanzania and Zimbabwe would not significantly
Biogeophysical-Products/. Habitat loss is based on change ishange the pattern of decline.
forest cover in the US 1990+2000 and in woodland/forest habitatFound at: doi:10.1371/journal.pone.0005941.s003 (1.38 MB EPS)
in Africa 1990+2005 from FAO Global Forest Resources
Assessment 2005, http://www.fao.org/forestry/32185/en/. Snow
conditions for cougars are taken from http://www.wrcc.dri.edu/

Figure S4 Simulated impacts of trophy hunting in cougars for
varying degrees of habitat loss. Solid lines are the same as in Fig. 1:

Climsum.html and African livestock production is taken from
http://www.fao.org/es/ess/yearbook/vol_1_1/pdf/b02.pdf,
ing production levels from years of peak lion offtake in each
country.

Supporting Information

western states (F.001 for each species).
Found at: doi:10.1371/journal.pone.0005941.s001 (0.69 MB EPS

Figure S2 Trendlines for the population declines of a) cougars
and b) lions. Individual states with statistically significant decline

us-

all available males above the age minimum are harvested each
year and available habitat remains unchanged over 100 yrs.
Dashed

lines show population sizes with the same harvest

strategies but with 20% habitat loss in 100 yrs; dotted lines
represent outputs with 40% habitat loss.
Found at: doi:10.1371/journal.pone.0005941.s004 (1.49 MB EPS)

. Table S1
Figure S1  The number of CITES-reported exports of a) cougar pong at: doi:10.1371/journal.pone.0005941.s005 (0.03 MB
trophies and b) black bear trophies from the US were highest i

years when the most animals were harvested domestically in the

in cougar offtakes: MT, ID, AZ, UT and CO; individual countries

with significant declines in lion offtakes: BW, TZ and ZW.
Found at: doi:10.1371/journal.pone.0005941.s002 (1.08 MB EPS

C)

ﬁcknowledgments

We thank Colleen Begg, Tim Caro, Laurence Frank, John Fryxell, Markus
Gusset, Andrew Loveridge, Alan Rabinowitz and Paula White for
Comments and discussion.

5Author Contributions

. . Conceived and designed the experiments: CP MK KN. Performed the
Figure S3  Quotas, offtakes and catch rates each year since thgyperiments: MK. Analyzed the data: CP MK HB LP KN. Contributed

peak harvests for cougars in Colorado, Montana and Utah andeagents/materials/analysis tools: MK HC HB LP DLG GP MS AS GB
lions in Tanzania and Botswana; duration of lion hunts in LH KN. Wrote the paper: CP DLG KN.

References

1.

2.

10.

Whitman K, Quadling H, Starfield A, Packer C (2004) Sustainable trophy 11.
hunting in African lions. Nature 428: 175+178.

Greene C, Umbanhowar J, Mangel M, Caro T (1998) Animal breeding systems,12.
hunter selectivity, and consumptive use in wildlife conservation. In: Caro T, ed.
Behavioral Ecology and Conservation Biology. New York: Oxford University

Press. pp 271+305. 13.

. Loveridge AJ, Searle AW, Murindagomo F, Macdonald DW (2007) The impact

of sport-hunting on the population dynamics of an African lion population in a 14.
protected area. Biological Conservation 134: 548+558.

. Packer C, Gilbert D, Pusey AE, O'Brien SJ (1991) A molecular genetic analysig5.

of kinship and cooperation in African lions. Nature 351: 562+565.

. Packer C, Pusey AE, Eberly L (2001) Egalitarianism in female African lions16.

Science 293: 690+693.

. Grimm V, Revilla E, Groeneveld J, Kramer-Schadt S, Schwager M, et al. (2005)

Importance of buffer mechanisms for population viability analysis. Conservationl7.
Biology 19: 578+580.

. Swenson JE, Sandegren F, S&derberg A, Bj&rvall A, Franzén R, Wabakken P

(1997) Infanticide caused by hunting of male bears. Nature 386: 450+451.  18.

. McLellan BN (2005) Sexually selected infanticide in grizzly bears: the effects of

hunting on cub survival. Ursus 16: 141+156.

. Czetwertynski SM, Boyce MS, Schmiegelow FK (2007) Effects of hunting orl9.

demographic parameters of American black bears. Ursus 18: 1+18. 20.
Hristienko H, McDonald JE Jr (2007) Going into the 21st century: a perspective
on trends and controversies in the management of the American black bear.
Ursus 18: 72+88.

@ PLoS ONE | www.plosone.org 7

Child B (2004) Parks in Transition: Biodiversity, Rural Development and the
Bottom Line. London: Earthscan.

Barnett R, Patterson C (2006) Sport hunting in the SADC region: An overview.
TRAFFIC, Johannesburg. http://www.traffic.org/generakports/traffic_
pub_gen8.pdf.

Garshelis DL, Hristienko H (2006) State and provincial estimates of American
black bear numbers versus assessments of population trend. Ursus 17: 1+7.
Knapp A (2006) A review of the European Union's import policies for hunting
trophies. TRAFFIC Europe.

IUCN (2006) Conservation Strategy for the lidPafithera Jeim Eastern and
Southern Africa, http://www.felidae.org/JOBURG/Lion_E_Swebl.pdf.

Lambert CMS, Wielgus RB, Robinson HS, Katnik DD, Cruikshank HS, et al.
(2006) Cougar population dynamics and viability in the Pacific Northwest.
J Wildl Management 70: 246+254.

Stoner DC, Wolfe ML, Choate DM (2006) Cougar exploitation levels in Utah:
implications for demographic structure, population recovery, and metapopula-
tion dynamics. J Wildl Management 70: 1588+1600.

Ray JC, Hunter LTB, Zigouris J (2005) Setting Conservation and Research
Priorities for Larger African Carnivores. WCS Working Paper 24: 1+203, New
York: Wildlife Conservation Society.

IUCN Red List of Threatened Species (2008) http://www.iucnredlist.org.
Woodroffe R (2001) Strategies for carnivore conservation: lessons from
contemporary extinctions. In: Gittleman JL, Wayne RK, Macdonald DW,
Funk SM, eds. Carnivore conservation. Cambridge: Cambridge University
Press. pp 61+£92.

June 2009 | Volume 4 | Issue 6 | €5941



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Packer C, lkanda D, Kissui B, Kushnir H (2005) Ecology: Lion attacks on 36.

humans in Tanzania. Nature 436: 927+928.

Kissui BM (2008) Livestock predation by lions, leopards, spotted hyenas, an87.

their vulnerability to retaliatory killing in the Maasai steppe, Tanzania. Animal
Conservation 11: 422+432.

2006 OREGON COUGAR MANAGEMENT PLAN (2006) Salem OR:
Oregon Department of Fish and Wildlife. http://www.azgfd.gov/pdfs/w_c/
bhsheep/OregonCougarManagementPlan2006.pdf.

1999 Utah Cougar Management Plan (1999) Utah Division of Wildlife 40.

Resources.

Riley SJ, Nesslage GM, Maurer BA (2004) Dynamics of early wolf and cougad1l.

eradication efforts in Montana: Implications for conservation. Biological
Conservation 119: 575+579.

Beinart W (1998) The night of the jackal: sheep, pastures and predators in the
Cape. Past and Present 158: 172+206.

Lambert CM, Wielgus RB, Robinson HR, Cruickshank HS, Clarke R, Almack J 43.

(2006) Cougar population dynamics and viability in the Pacific Northwest.
Journal of Wildlife Management 70: 246+254.

Martorello DA, Beausoleil RA (2003) Characteristics of cougar populations with
and without the use of dogs. In: Becker SA, Bjornlie DD, Lindzey FG,

Moody DS, eds. Proceedings of the Seventh Mountain Lion Workshop. Lander,45.

Wyoming: Wyoming Game and Fish Department. pp 129+135.
Milner-Gulland EJ, Bukreeva OM, Coulson T, Lushchekin®A,
Kholodova MV, et al. (2003) Reproductive collapse in saiga antelope harems.
Nature 422: 135.

Anderson CR, Lindzey FG (2005) Experimental evaluation of population trend47.

and harvest composition in a Wyoming cougar population. Wildlife Soc Bull 33:
179+188.

Courchamp F, Angulo E, Rivalan P, Hall RJ, Signoret L, et al. (2006) Rarity 48.

value and species extinction: the anthropogenic Allee effect. PLoS Biology 4:
2405+2410.
Hall RJ, Milner-Gulland EJ, Courchamp F (2008) Endangering the endangered:

the effects of perceived rarity on species exploitation. Conservation Letters #9.

75x81.

Balme GA (2009) The conservation biology of a nominally protected leopard
population. Ph.D. Thesis, University of KwaZulu-Natal, Westville. pp 1+179.
Purchase G, Mateke C (2008) The state of knowledge regarding leBpattidra

pardysin three range states (Mozambique, Zambia and Zimbabwe) in the50.

context of improving management of trophy hunting. Repodr fthe
CAMPFIRE Association of Zimbabwe.
Balme GA, Hunter LTB, Goodman P, Ferguson H, Craigie J, Slotow R (in

press) An adaptive management approach to trophy hunting of leopards52.

Panthera pardus: a case study from KwaZulu-Natal, South Africa. In:

Macdonald DW, Loveridge AJ, eds. Biology and Conservation of Wild Felids.53.

Oxford: Oxford University Press.

@ PLoS ONE | www.plosone.org 8

38.

39.

42.

44,

46.

51.

Sport Hunting of Carnivores

Crooks KR, Sould ME (1999) Mesopredator release and avifaunal extinctions in
a fragmented ecosystem. Nature 400: 563+566.

Bailey TN (1993) The African Leopard: Ecology and Behavior of a Solitary
Felid. New York: Columbia University Press. pp 429.

Sinclair ARE, Fryxell J, Caughley G (2006) Wildlife Ecology, Conservation and
Management, Second Edition. Oxford: Blackwell.

Haydon DT, Fryxell J (2004) Using knowledge of recruitment to manage
harvesting. Ecology 85: 78+85.

Fryxell JM, Smith IM, Lynn DH (2005) Evaluation of alternate harvesting
strategies using experimental microcosms. OIKOS 111: 143+149.

Whitman KL, Packer C (2007) A Hunter's Guide to Aging Lions in Eastern and
Southern Africa. Long Beach: Safari Press.

Laundre JW, Hernandez L, Strenbel D, Altendorf K, Lopez Gonzalez C (2000)
Aging mountain lions using gum-line recession. Wildlife Society Bulletin 28:
963+966.

UNEP-WCMC (2004) A guide to interpreting outputs from the CITES Trade
database, vers. 6.0.

Packer C, Herbst L, Pusey AE, Bygott JD, Hanby JP, et al. (1988) Reproductive
success of lions. In: Clutton-Brock TH, ed. Reproductive Success. Chicago:
University of Chicago Press. pp 363+383.

Packer C, Pusey AE (1995) The Lack clutch in a communal breeder: Lion litter
size is a mixed evolutionarily stable strategy. American Naturalist 145: 833+841.
Craft M, Volz E, Packer C, Meyers LA (2009) Distinguishing epidemic waves
from disease spillover in a wildlife population. Proc Royal Society B 276:
1777+1785.

Balme G, Hunter L (2004) Mortality in a protected leopard population, Phinda
Private Game Reserve, South Africa: a population in decline. Ecological Journal
6: 1+6.

Martin RB, De Meulenaer T (1988) Survey of the status of the leopard (Panthera
pardus) in Sub -Saharan Africa. Lausanne, Switzerland: Secretariat of the
Convention on International Trade in Endangered Species of Wild Fauna and
Flora.

Ruth TK, Buotte PC, Haroldson MA, Murphy KM, Hornocker MG,
Quigley HB (2008) Cougar reproduction and survival pre- and post-wolf
reintroduction in Yellowstone National Park. In: Toweill DE, Nadeau S, Smith
D, eds. Proceedings of the Ninth Mountain Lion Workshop, Sun Valley, Idaho.
pp 150+151.

Logan KA, Sweanor LL (2001) Desert Puma: Evolutionary Ecology and
Conservation of an Enduring Carnivore. Washington, DC: Island Press.

Maehr DS, Moore CT (1992) Models of mass growth in 3 cougar populations.
Journal of Wildlife Management 56: 700+£707.

Cooley HS (2008) Effects of hunting on cougar population demography. Ph.D.
Dissertation. Washington State University. Pullman, WA.

Sweanor LL, Logan KA, Hornocker MG (2000) Cougar dispersal patterns,
metapopulation dynamics and conservation. Conservation Biology 14: 798+808.

June 2009 | Volume 4 | Issue 6 | €5941







































