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ABSTRACT

Hunting through illegal and legal means is incnegli recognised as a threat to the
sustainability of wildlife populations in reservédsoughout Africa. Despite this, in
Tanzania, legal hunting has persisted and servasaarce of revenue for conserving
these species. Poaching remains a major threatldbfevpopulations in many parks
and reserves of Tanzania and wildlife habitats diminishing due to human

activities.

| examined the impacts of hunting on the long-tepersistence of four wild
ungulates; impala/Aepyceros melampudatschig, Thomson's gazellGazella
thomsoniiGunthe), wildebeest(Connochaetes taurinuShomas) and zebréEquus
burchellii Matschie) around Tarangire National Park, in nemh Tanzania. |
investigated the population sizes of these spesiegy Distance sampling method and
determined there were 4534 +1393 impala 1398 + A®mson’s gazelle, 5199 +
2670 wildebeest, and 11223+ 4216 zebra, in theysivela. | obtained an estimate of
the legal offtake over a five year period from datavided by hunting companies and
districts offices in charge of hunting in the ateastablish an average size of annual
legal offtake of the area. | estimated the poacHewgls for each species using
random response method by interviewing 298 househelspondents within
communities living around the area. This estabtstiat illegal kill were 2-3 times
higher than legal offtake for all four animal spEciexcept zebra. The total annual
harvests were 6.6% for impala, 18.2% for Thomsaazelle, 5.2% for wildebeest
and 2% for zebra, of population sizes. Using litem review | obtained vital life-
history parameters for each species either frorhiwitarangire, or elsewhere in East

Africa.

The long-term viability of the four species was rthexamined under a computer
program-VORTEX by constructing a series of modelsest the effects of different
hunting regimes. The models integrated mortalityd dacundity rates, species
population sizes and harvest (legal and illegagsaOf the four species, impala and
Thomson’s gazelle fared badly under all simulatiowsh up to 76% and 68%
respectively of the modelled populations goingrettivithin 100 years under present



hunting levels. Wildebeest and zebra were moreligasito hunting. Zebra
populations remained robust under current huntgst However, its population will
slowly decline towards extinction when the hunteygeeds the current rate of 2%.
The population of wildebeest will decline towarddirction if the current offtake of

5% persists. The impacts of illegal hunting aressev

This study is the first attempt to characterise diipamics of the harvested ungulate
populations in Tarangire, Tanzania. Poor understgndf this ecosystem especially
on the demographic variables of these speciest firn conclusions. Nevertheless,
the findings presented here suggest that VORTEXettind may be a useful tool for

managing hunting at Tarangire and for highlightiagearch priorities.
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1. NORTHERN TANZANIA: BACKGROUND AND
INTRODUCTION

Introduction

Wildlife provides economic and social security asll as meeting the food and
livelihood requirements of human communities in snbiodiversity- rich areas of the
world (Barnett, 2000; Bennett al, 2002). Wild meat is a significant source of aasil
accessible animal protein among impoverished moaimunities throughout Africa,
Asia and Latin America (Rao & McGowan, 2002). Arcrasing trade in wildlife
bush meat (Davies, 2002; Rao & McGowan, 2002) ssiggiat it is an important

ingredient in food recipes of urban communities.

There is a high economic and sport value attacbethé subsistence use of and
commercial trade in wildlife resources, contribgtisignificantly to the local and
national economies. For example, it is estimated the trophy hunting industry
generates gross revenues of at least US$ 201 mdlal US$33-39 million per year
respectively, in sub-Saharan Africa and EurasiafdHH®002; Lindseet al, 2007).
The growing ecotourism industry in many wildlifesegves and privately owned lands
in Africa has proven to create income for theseasrélindseyet al, 2007).
Moreover, although it is largely ignored in natibreccounting processes, the
combined economic value of wildlife from legal anliegal uses contribute
significantly to the local economies of rural antban human communities. For
instance the rural communities of most west andrakrand eastern Africa derive
their annual income largely from trading wild mékaltenbornet al, 2005; Noss,
2002; Robinson & Bennett, 2004). In Liberia, 75%tw country’s meat comes from
wild animals [Anstey in (Rao & McGowan, 2002)].

As human populations continue to grow, pressureswdd species and natural
ecosystems are becoming increasingly severe. \Witlncreasing global demands for
food security (Balmford & Bond, 2005) and given thgortance of wild animals to
the human population, it is increasingly becominifatilt to manage wild nature
without the consent of resident people. In the past decades we have seen a

paradigm shift in resource conservation systemms fnmwore exclusionary protectionist
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policies where strict rules, fine and fences wedraracteristic to a system that allows
involvement of local people. Currently there is amcreasing realisation that
conservation by the people and for the people watteful regulated sustainable use
of the resource will ensure long term perseveraricgildlife and habitats especially
in countries with weak economies (Hackel, 1999; gdowa et al, 2000; Wells &
Brandon, 1992). Many African countries, includingnkania, have adopted this
system and there has been substantial developargeiyf accompanied by regulated

use of wildlife resources.

A history of overexploitation of biological resoure@s

Any use of biological resources will impact on tlesource, whether negatively or
positively. The use of modern technologies in mmtpractices, and the increasing
commercialisation of hunting are critical factorsivohg overexploitation and
unsustainable use of wildlife in many ecosystemsb{fRson & Bennett, 2000).
Several documented cases of overfishing leadirxtioctions and collapse of coastal
ecosystems provide lessons of misguided managemhennatural resource that had
sustained large human populations for long timasksonet al, 2001; Ludwiget al,
1993). Overexploitation has resulted in the ecaalgcollapse and extinction of large
animals and birds of North and South America (Olgodames, 1982; Redford,
1992). In 1980, hunting contributed to drastic dns in population of dorcas
gazelle Gazella dorcap and to extermination of the Nubian bustakk@dtis nubs
from Sahelian Africa (Newby, 1990). More recentlyunting by humans has
exterminated Miss Waldron’sed colobus monkeyPf{ocolobus badius waldrohi
from West Africa forest (Oatext al, 2000).

On the other hand, there are places where huntsgbkeen regulated successfully.
The wild turkey Meleagris gallopave [Dickson, 1992 in (Loveridget al, 2006)]
white- tailed deer@docoileus virginianus(Woolf & Roseberry, 1998) and beaver
(Castor CanadensjgNovak 1987 cited in Loveridget al. (2006) ] in North America
are all species whose fortunes have been dramgtiogiroved by a programme of

conservation measures that include regulated hatves

The management of wildlife in many African coungri@including Tanzania) is

constrained by meagre funds for running consermadictivities. As a consequence,
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commercial hunting is always considered both asreervation tool as well as for
generating national incomes. Under such circumstantarket forces and internal
pressures (e.g. poverty) could substantially infaee the conservation and

management of these resources negatively.

Wildlife management system in Tanzania

Wildlife is managed primarily through a system ational parks, game reserves and
other areas owned by the government, and a rangeildiffe management areas
largely owned by the local community authoritiesatidnal parks (NP) are areas
regarded of high conservation status and are mastigaged through protection.
There is no direct use of resources by humans ativ@n ecotourism (visual
enjoyment, photographing and filming). Game res({&R) allow regulated hunting
of wildlife from them with the prohibition of othemuman activities, such as crop
cultivation and housing except for game reservié Btaises. The major uses of game
reserves are trophy hunting, photographic and figmactivities. Associated with
these are Game controlled areas (GCA), where thérguof wildlife, photographic
and filming and human activities (livestock grazarg farming) is permissible. Open
areas (OA) ranks fourth and least in the group.i@a®e no formal conservation status
and allow all human activities as in the third gatgy. Such areas may be leased to
hunting companies (URT, 1998).

There are different authorities overseeing the eosion of wildlife in these
protected areas categories. All the national panles managed by the Tanzania
National Parks Authority (TANAPA). The game resenand game controlled areas
are controlled by the Wildlife Division (WD), (awdsion within the Ministry of
Natural Resources and Tourism). Open areas andr adksignated wildlife
management areas are managed by the respectivietdmtal authorities. Despite
these categories and management authorities, thdlifevibelongs to the state
regardless of where it occurs (URT, 1974).

Consumptive use of wildlife in Tanzania
The commercial consumptive use of wildlife in Tamzahas persisted for over three
decades, having started in the mid 1960s. Since there has been a substantial

growth in the industry accompanied by increasingtimg areas from just one in 1965
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to more than 130 presently (Baldus & Cauldwell, 200 his development had come
about because of the increasing demands to obéaiefits from the wildlife and the

need for funds to manage the wildlife.

Trophy hunting takes place on all protected argeagcoaies except in national parks.
The legal hunting business occurs betwegnldly and 31 December each year.
Trophy hunting is controlled and coordinated by W®. It allocates the hunting
areas (blocks or concessions) to foreign or residempanies which bring in trophy
hunters. There may be three or more hunting blatkssingle reserve depending on
the reserve size and the population of the wildlifiee WD decides on the size of the
quotas and the species to be hunted from individuatks leased to hunting
companies as well as from other hunting areas udibricts level (see Baldus &
Cauldwell, 2004 for details). Based on the sizewdtas decided, the WD issues the
hunting permits to the clients and supervises tliating process through to

completion. Only adult male animals may be hunte@lanzania.

Hunting permits for citizens (local subsistence ting) are issued by the respective
regional or district game officers in which huntiisgcarried out. In this case all the
game species hunted must conform to the quotasa#did to them by the WD. When
the hunting season closes, the districts gameesffreport back to WD describing
how the quotas were utilised and what funds weregged from the selling of the
wildlife. The information about all the hunted amils from different reserves is kept
by the WD and a replicate copy retained in resgedistrict game offices managing
these reserves. Subsistence hunting informationbeaaccessed directly from the

district game offices too.

Framing the issue
Whilst the hunting industry in Tanzania is growstgadily, its operational aspects are
worth looking at;

» Setting hunting quotas. Determining quotas for @@ as largely a process of
educated guess work (Caed al, 199&). The Wildlife Division decides on
guotas using data from aerial census and pastngunécords, ideas from
professional hunters and outfitters, and suggesfi@m reserve managers and
district wildlife officers of respective hunting eas (Baldus & Cauldwell,
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2004). Ideally, all these sources of data shouldnbegrated to confirm the
population status of the wildlife and result in dodecision making. The
downside of it however, is that there may be lessmilous people (among
those giving suggestions) who just want to make egasut of wildlife. This
can lead to large quotas being suggested for soeas #hat should otherwise
not be. Furthermore, the shortage of funds for inghconservation activities
(e.g. patrolling reserves) at district and localels could encourage them to
suggest bigger quotas. Thus monetary gain fronngethore wildlife would
be a priority especially when a large proportiortted funds are retained for
district official activities.

Increased concession (blocks) areas. There hasdbeiacrease in the number
of hunting blocks, some of which are newly formadhile others originate
from subdividing the pre-existing ones (Baldus &u(@avell, 2004). While
this is happening there have been no reductiotiseirquotas for some of the
subdivided hunting blocks (Baldus & Cauldwell, 2D0%his means that the
guota size has remained the same on each of thblethks as the original
“‘mother block”, consequently increasing the numloér animals hunted
overall.

There is little monitoring of the population trenfithe wildlife by those who
decide a quota size. Monitoring of the wildlife pdgtion is an expensive
undertaking and most wildlife officers do not habwe skills required. The
WD conducts some regular aerial population sunapsind major national
parks but does not cover all the hunting areasq€tal, 199&). There are
little data available for all the hunting areasvdmich to make good decisions.
Quota setting processes rarely take into accountatiimals killed illegally.
There is an extensive body of literature on thechowy of wildlife in
Tanzania, e.g. (Hofeet al, 1996; Holmernet al, 2007; Loibookiet al,
2002), and its effects on the population of wikllif immense. However, the
rate at which poaching removes wildlife is not kmoand often is ignored in
the management process.

Most local (citizen) hunting is unsupervised bytidis game officers. As for
the trophy hunting, besides being supervised, theeecircumstances when

supervisors are less careful and would not stopnr@egonduct by the hunters.
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The implications of this are that there may be sheoting of the animals
allocated on the permits by the hunters as wdtlusxting species not allocated
or paid for. For example using sex-specific molacuhakers to examine the
gender of the hunted leopards from Tanzania, it fesaad that 28.6% were

females although all the skin trophies were taggatks (Spongt al, 2000).

These actual or potential irregularities are a eduos concern if the hunting industry
is to be sustainable. Recent studies (Gdral, 199&; Stoneret al, 2007) point out
that the population of wildlife has declined oveamy reserves and attribute hunting
as the ultimate cause of the declines. While th&selies provide insights into
understanding the effects of hunting they do nabant for the effect of the wild
animals taken illegally nor do they account for tiegural deaths of animals in the
reserves. Furthermore, they do not show the oviradj-term impacts of hunting on

the species populations.

Research goal and objectives
The goal of this study was to examine whether dr awrent hunting rates are
sustainable by developing a population viabilitalgeis (PVA). To fulfil this goal, |
addressed the following objectives.
1. To determine the current population density andndboce of four
principal game species in the Tarangire hunting are
2. From existing literature, determine the vital demagipic parameters of the

four principal game species.

3. To determine the size of current legal harvesthef four principal game
species.

4, To investigate the current rate of illegal hanasthe four principal game
animals.

5. To assess the population viability of the four pyal game species under

current hunting (legal and illegal) levels.

| have chosen to study the Tarangire hunting amemorthern Tanzania as a case
example of what may be happening elsewhere in Taaznd to examine hunting
impact on the four most commonly hunted game spea@ebra(Equus burchellii

Matschie), impala(Aepyceros melampudviatschie), wildebeest(Connochaetes
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taurinusThomas) and Thomson’s gaze{@azella thomsoniGinther). The approach
taken in this study may be applicable across atineas facing similar situations in

Tanzania, and elsewhere in Africa.

Study site

This study was conducted in areas outside of Tamangational Park, northern
Tanzania (Fig. 1). The study site comprises a gaamdrolled area (Lolkisale), an
open area to the east, and a game reserve (Mkurmguioethe south of Tarangire
National Park. It is surrounded by human habitatiand sanctions human activities
such as agriculture and livestock keeping. With amea of 570kt it harbours
numerous wildlife species and has been subdivigad hunting concessions and
leased to hunting companies by the WD. There igihgiof wildlife done from this

area by both legal hunters (foreign and resideagsyell as illegal hunters (poachers).

The area is semi-arid and receives annual rainfafiging between 450-600mm. The
vegetation structure is mostly short grass plaimsech with woodland, shrubs and
thorny bushes, characteristic of savannah (Kahagmal979). The unreliable and
erratic precipitation in the area renders it suppegetations suitable for livestock

grazing.

The inhabitants are mostly the Masai people wholigestock keepers. Because of
occupying this range, it is commonly referred to“Basailand” (land of Masai
people). In this study, this term was used alsonmeerring to the hunting areas
outside of Tarangire National Park.
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Thesis layout

The outcomes for each of the research objectives haen presented as stand-alone
chapters in anticipation of possible subsequentigation of the chapters as papers.
Each chapter therefore has its own discussion@sgcsummary and reference list.
Chapter 3 has a more formal presentation ahead sfibmission for publication. The
last chapter summarises main findings and suggeatsagement options to achieve

sustainability of the wildlife in the Tarangire reg.

Chapter summary

This chapter introduces salient issues surrounthieghunting of wild game animals

in Tanzania in general and Tarangire National Ragarticular. Quota setting in the

absence of reliable information on population simd recent trend is highlighted as a
significant problem, as too is the extent of illeganting. | pose research questions
which may assist better management of hunting aoiefly describe approaches to

answering each question that will be expanded wypthn this thesis.
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2. LEGAL HUNTING OF WILDLIFE OUTSIDE OF TARANGIRE
NATIONAL PARK, TANZANIA

Introduction

The Tarangire area is one of the important huntiogcessions in Tanzania. It has
been divided into at least three hunting blocks &mbked to different hunting
companies by the Wildlife Division. Legal huntiny Iboth residents and foreign
trophy hunters occurs here. There were five hurtargps in the area when this study
was underway. However, the number of camps and theations vary between
hunting seasons as a result of choices by the ssimteowners. The hunting camps
are used for short stays by trophy hunters. It iglawe where the processing of
animals trophies and temporary storage is doneh Baating camp keeps (on log
books) records of all the animals hunted during thanting season and year at the
camp. Hunting log books for previous years maydumdé at the camps if the camp is
old and well established. Records in log booksliogreot animals are exactly equal to

those on the hunting permits issued by the Wildlif@sion.

Although the hunting industry in Tanzania has beeamore organised and better
managed over the past decades, many importanttaspemain shrouded in secrecy
(Baldus & Cauldwell, 2004). The Wildlife Divisiomicharge of the hunting is
notoriously reluctant to provide hunting statistiest administrative irregularities be
discovered. There is a long chain of bureaucra®seaarcher has to go through to get
the information. This complicates the data mininggess especially when time is

limited.

Data collection

The hunting data for the past four years were abththrough intensive reviewing of

the hunting log books stored at the hunting canmasfeom the offices responsible of

hunting in the study area. Between December 2087January 2008, | made weekly
visits to the hunting camps to determine whetherairhunting had been effected. A
record of all the kills found was made on a dateeshnoting the number of each
species killed, and where possible, their agesasz all the camps had their trophies
still under the shades being dried, | used thesghtes to verify all the kills made
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from the start of the hunting season, i.e. fronuly.JTrophy verification was done by
identifying and counting of the trophies availalpside the processing shades and
temporary stores and cross-checked with the tataiber that was recorded on the
hunting logbooks in that period of time. | used freld experience to identify the
trophy species and age for each species namelyalan@homson’s gazelle,
wildebeest and zebra. Additionally, | requesteal lilinting logbooks of the previous
four years, where these were still kept in eacthefhunting camps. | extracted all the
information on the four species of wildlife thatchbeen hunted between 2003 and
2006 years inclusive. For logbooks not availabléhatcamps, | viewed copies of the

permits filed with the respective district gameiads.

Data on legal hunting by citizens were obtainednfrthe District game office in

charge of issuing hunting licence to citizen huntés there were no means to verify
these data, | relied on the hunting permits issaed not the quotas that were
available for individual species. Issued permitdyandicate the number and species
of animals hunted. Because citizen hunters arevatloa maximum of fourteen days
in the field to hunt and obtain their animal, thegemits were appropriate sources of
data. All citizen hunting data was collected fromomMduli, Simanjiro and Babati

districts game offices.

Results

The citizen and tourist hunting statistics are enésd in Table 2.0. The mean number
of animals hunted by citizens was three to ten-fibldt removed by the foreign
hunters for most species, except zebra for whiehetis no legal hunting by citizens.
Citizens hunted wildebeest the most followed by atapand Thomson’s gazelle.
Tourist offtake was high for zebra followed by inmawildebeest and Thomson’s
gazelle. Moreover, when the data are combined tvoth citizen and tourist hunting,
wildebeest comes out the most hunted species fetlowy impala, Thomson gazelle
and zebra last. Impala ranks second in every cass the data are examined. There
were a decreasing number of animals taken by nittaenters over the five years;

where as the annual hunt was more consistentdphyrhunters (Table 2.0).
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Table 2.0 (a-c): Wildlife killed by citizen and tat hunters over the five year period
2003-2007 in the study sitéll the hunted animals are listed as adult males, a
required by the Tanzania hunting policy. * Zebranst allowed for hunting by
citizens under the wildlife law (URT, 1974).

a) Citizen hunting

wildlife species 2007 2006 2005 2004 2003 mean S.D
Zebra* 0 0 0 0 0 0 0
Impala 46 42 90 97 95 74 27.5
Thomson's gazelle 45 42 65 73 78 60.6 16.3
Wildebeest 71 67 90 95 93 83.2 13.2

b) Trophy (tourist) hunting

wildlife species 2007 2006 2005 2004 2003 mean S.D

Zebra 27 27 14 21 17 21.2 5.8
Impala 21 14 13 18 23 17.8 4.3
Thomson's gazelle 6 9 4 7 6 6.4 1.8
Wildebeest 24 17 10 10 8 13.8 6.6

c) Combined citizen and trophy hunting

wildlife species 2007 2006 2005 2004 2003 mean S.D

Zebra 27 27 14 21 17 21.2 5.8

Impala 67 56 103 115 118 91.8 28.5

Thomson's gazelle 51 51 69 80 84 67 15.6

Wildebeest 95 84 100 105 101 97 8.1
Discussion

The trend of legal hunting shows an overall declover five years. This is due
entirely to a reduction in citizen hunting. Thigggests a reduced size of quotas being
set by the Wildlife Division probably with a desite maintain tourist income. The
reduction of quotas may also be a response to asoge populations of hunted
animals as it has been observed in recent stu@ia et al, 1998); Stoneret al,
2007).

The rate at which the citizen hunting removes wiadk higher than is taken in trophy

hunting, presumably due to increasing demands flat meat from the burgeoning

human population. There has been a 4.0% increaseiriman population over ten

26



years in the Arusha, Manyara and Dodoma regiom®snding the study area (URT,
2002). As the cost of buying one wild animal to hisilow, it is probably more
affordable even for an average person. For exartipdecurrent price for buying one
buffalo to hunt for citizens is 42,000/= Tanzanfallhgs (=36 USD), less or similar
to the price of sheep or big goat at Tanzania lowaket. This may be easier for some

relatively affluent citizens to go for hunting.

There is no hunting of zebra by citizens. This doesmean that zebra’s meat is not
edible. In essence zebras’ meat is equally consumedveral local communities in
Tanzania. For example, a study of consumption pettef game meat among local
communities near the Serengeti national park, (Aldiba & Songorwa, 2008) found
that zebra is preferred to other animals for itetme&his preference was based on the
meat taste and the economic gains from selling netite locality. From the above
study, it can be suggested that if zebra were akibte be hunted legally by citizens,

the hunting statistics would be higher.

Only adult male animals are hunted. However, duegs supervision of the hunting
process in the field (especially for citizen hugdinit is difficult to ascertain if all the
hunted animals were males as there were no meassitp citizen hunting data. My
own field experience show that most citizen huntErsrot comply with the rules on
the hunting permits thereby hunting more than dscated, hunting females or species
not indicated on the permits (personal observatiag@84-2006). Even trophy hunters

sometimes hunt females especially in species diffto sex (Spongt al, 2000)

Visual determination of exact age of the animaled&iwas difficult. This is because
kills from citizen hunting could not be viewed. dfvthe trophies found at the hunting
camps gave little information about the age ofdghanal hunted and | had no ability
to examine teeth. Therefore | regard all the huate@idhals as adult males as required

by the hunting policy.

Finally, the hunting statistics above may be lowean the actual legal offtake if
crippling losses and unreported kills were documeénPerhaps this would increase
the kill to twice that reported here. But for therpose of this study the available

actual data is appropriate for doing populatiorbVity analyses.
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Chapter summary

This chapter documents the legal kill of four spsadf wild game animals around the
Tarangire National Park study area during 2003-2@37determined from hunting
permits issued from offices managing the local imgnindustry. The mean annual
legal kill was 21, 92, 67 and 97 zebra, impala, mibon’s gazelle and wildebeest
respectively. A short description of the trend bé tdata is given. Data from this
chapter will be used in the final assessment ofrtigacts of hunting as presented in

Chapter six.
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3. POACHING OUTSIDE TARANGIRE NATIONAL PARK,
TANZANIA: ESTIMATING ILLEGAL HUNTING OF WILDLIFE
USING THE RANDOM RESPONSE TECHNIQUE

Abstract

Determining illegal resource extraction is diffitcidecause people seldom tell the
truth about illegal actions for fear of incrimirai | used the Randomised Response
Technique (RRT) to estimate illegal hunting of foutdlife species (zebra, impala,
wildebeest, Thompson’'s gazelle) by the Masai comtpufrom areas outside
Tarangire National Park, Tanzania. The Masai tiaakly do not to eat wild meat,
but often assist others to hunt wild animals. Ided the RRT by asking each of 298
household interviewees whether they ever had kiledvithessed someone killing
animals and established a likely illegal kill. Résshow that the illegal offtake of the
four species is up to 4x higher than the legala&#t Despite their tradition,
circumstantial evidence shows that the Masai dottk@d wildlife on their farms and
are involved in poaching of the wildlife for me&urther, the wildlife-Masai conflicts
are on the rise and they receive little benefitmfrohe wildlife close to them.
Unemployment and insufficient benefits from the diie were significantly
positively correlated with levels of illegal hunginDefinitive management schemes
that provide realistic benefits to the Masai neead emphasis to ensure any
conservation prospect for wildlife in the area.

Keywords Tarangire National Park, poaching, Masai, Randesponse technique,

Introduction

lllegal use of biological resources is increasinglgognised as a significant threat to
the sustainability of biodiversity in many ecosyste(Albers & Grinspoon, 1997;
Brashareset al, 2004; Dublinet al, 1990). In the western and central Africa,
poaching is driving several species to local exiomc(Fischer & Linsenmair, 2001;
Newby, 1990; Yamagiwa, 2003). It has also largedduced the populations of
savannah mammals in many reserves throughout eastdrsouth Africa (Dubliret
al., 1990; Leader-Williamet al, 1990; Mann, 1995).
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Although Tanzania is renowned for its protectechar@nd conservation commitment,
its wildlife species and their habitats are inchegly threatened. Thirty-eight animal
species have gone extinct in Tanzania; a rate gecoly to South Africa amongst
African countries. Tanzania also has the most tareal mammal species (IUCN,
2007). This problem is due partly to over use dtliife by people and the country’s
limited conservation resources. An increasing hurmpapulation near reserves put
pressures on these resources. In the western @ooidSerengeti National Park, for
example, intensive poaching has been highest aralersely populated areas
(Holmernet al, 2002; Loibookiet al, 2002; Thirgoocet al, 2004). As a consequence
of the increased poaching in national parks andcadit areas (Hofaat al, 1996), the
population density of the wildlife has declinedahghout the country (Caret al,
1998; Stoneet al, 2007).

Many methods to evaluate poaching have been ugeoleserving physical evidence
left by poachers or interviews with the naturalorgse guards (Holmeret al, 2002;
Leader-Williamset al, 1990); records of poachers arrested along withsomeng of
patrol efforts (Loibookiet al, 2002; Wrightet al, 2000); and comparison of stocks

of biological resources over time (Brashagéal, 2004; Stoneet al, 2007).

These methods all have limitations. It is diffictdt source information on illegal

activities that are under-reported or unwitnesgamhching in reserves occurs during
the day and night (Arcesst al, 1995) and so most of these actions go undetdsted
the resource guards. The methods mostly rely ooures guards or administrators
who have less information on illegal activities rihthe local people who are the
poachers, traders or consumers of wildlife. Addislly when resource users are
asked directly they are highly likely to refuseatmswer or to give untruthful answers.
In direct surveys, the frequency of illegal actastis under reported. Information that
is needed for effective decision making is alwayissed when these methods are

used to inquire about threatening or sensitiveaissike poaching.

It has been shown elsewhere that a random respeciseique (RRT); (Greenberd
al., 1969; Warner, 1965) performs well in surveys o€riminating issues. This
technique has been widely applied in social stutheguantify incidences of rape, tax

evasion and induced abortion (Houston & Tran, 20{henget al, 1972; Soeken &
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Damrosch, 1986; Tezcan & Omran, 1981l also holds promise for researching
illegal resource use (Chaloupka, 1985; Kline & 8chi995; Solomonret al, 2007;
Wright, 1980). This study adapts the RRT to estmthe level of poaching of four
ungulate species outside of Tarangire National PBEakzania. The goal of this study
was to estimate the number of the four animal ggeempala/Aepyceros melampus
Matschig, Thomson’s gazel{&azella thomsoniunthe), wildebees{Connochaetes
taurinus Thomas) and zebr@Equus burchelliiMatschie) (Appendix 3.0) that have
been killed by poachers from the area and use th&iseto examine the impacts of
hunting (see Chapter 6). To my knowledge therebleas no research using the RRT
to quantify wildlife poaching in areas affordeddes no protection and yet they are
important reservoirs of the wildlife in Tanzani&hi§ study aids an understanding of
the extent of the problem with a view to providingormation appropriate for

management and evaluation of current conservatrategies in similar areas.

Use of Randomised Response Technique in SurveysSansitive Issues
The RRT, first proposed by Stanley Warner (Wart®65) is meant to increase trust
and therefore encourage cooperation from resposdehen asking incriminating

guestions.

The technique uses two questions, one sensitiveaanther non-sensitive. In his
initial model, Warner asked two related questianshsas ‘| am a member of sensitive
behaviour A’ and ‘I am not a member of sensitivehdgour A’ to assess the
frequency of the sensitive behaviour A. Either ledge questions is answered as a
result of rolling a randomising device which digeatespondents to answer one
guestion with a ‘yes’ or ‘no’. A maximum privacy iequired for respondents when
rolling a randomising device. As the interviewen allowed to witness the die roll
and so the researcher does not know which quetti®rrespondent is answering.
Thus, the ‘yes’ or ‘no’ answer is essentially knoamly by the dice roller. In this way
respondents build trust from which truthful answars given to the questions being
asked. Nevertheless, following probability rulebBere is a known probability of
choosing a sensitive question when rolling a dising this probability and the
proportion of ‘yes’ answers from the nonsenstitjeestion, and the frequency of all

the observed yes answers from a set of the twotiQuesasked, the researcher can
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estimate the proportion of the surveyed populatiio are involved in the sensitive

behaviour A.

Since its inception several modifications and inveraents on Warner's model have
occurred with a view to increase its ability to fea respondents’ privacy and
encourage truthful answers (see review by Fox &yJrH#86). These modifications
hinged on statistical developments and the natdréh® questions being asked
(Greenberget al, 1969). The two ‘related questions’ previouslydiseere replaced
by the ‘unrelated questions’ such that ‘Do you haeasitive attribute A?’ and ‘Do
you have nonsenstitive attribute B?’ This modelurezs two independent random
samples. In the first sample, respondents are askaalswer a sensitive question with
a probability of P) and that of unrelated question R)-following outcomes of a
randomising device. In the second sample the pilitied of responding to the two
guestions are reversed. Using data from the twdamnsamples the proportion of a
sensitive attribute can be estimated (Greenbeaj, 1969). Subsequent development
of this model resulted in use of a second nonseadiehaviour whose probability is
already knowna priori according to the randomising device. Consequetrthiis

model requires a single random sample of respoed@teenbergt al, 1969).

The application and verification studies of an latel question model have spawned
a wide range of fields. In a review (Umesh & Paiars1991) and validation study
(Lensvelt-Mulderset al, 2005), the authors show that sensitive behaviaues
admitted to more often when this method is used direct questioning. In surveys
of induced abortion, Tezcan & Omran (1981) and ledral. (2004) report estimates
that were higher than those obtained through digeetstioning. In another study of
tax evasion in Australia, Houston & Tran (2001)diiee unrelated question design to
estimate the incidence and type of income tax ewasihey too report higher
estimates of people evading tax with the RRT methelhtive to the direct
guestioning model. Moreover, in studies of frau@r(tisheeet al, 1999) and rape
(Soeken & Damrosch, 1986), the randomised respamethod has proved to be
useful in revealing rates of these behaviours. dp@ication of RRT and its results
are based on the premise that respondents ar@gvili participate. Demographic
variables such as education level, gender and fagespondents have been observed

to significantly correlate with successfully usitigg RRT (I-Chenget al, 1972; Lara
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et al, 2004; Soeken & Damrosch, 1986; Tezcan & OmraB8l19mesh & Peterson,
1991).

Application of RRT in the field of natural resources conservation

Advanced attempts to manage exploited biologicabueces can be flawed without
estimates of illegal harvest of the resources ($etital, 1989). Due to the paucity of
information on poaching and the burgeoning threatshe biological resources, the
randomised response technique is increasingly besegl. Wright (1980) used the
unrelated question model to estimate deer poachifayva. The number of lowa deer

poached by farmers alone was about equal to tla¢ déiake.

Smith (1989) used the RRT to estimate the prevaleidishing without licence in
Colorado. This study estimated that 22% of respotsddad at least fished once
without a licence in the previous year. In a studynoncompliance with angling
regulation on three Idaho waters Kline et al. ()9%stimate about 29%
noncompliance with barbless hook regulations. Titb@as concluded that RRT is a
viable tool for estimating rates of angler noncomaude with regulations. In another
separate study to assess permit noncomplianceeircdbection of shells from a
marine park in Australia, Chaloupka (1985) usedabld@ of random numbers and two
qguestions with different probabilities of being es#kd. This study reported a
significant noncompliance with permit rules. Sinmija in Kibale National Park
Uganda, Solomoret al (2007) report higher rates of illegal use of vasmatural
resources from the park compared to those estimayethe direct inquiry of the
illegal use.

Although, the literature shows an astounding prenfics RRT in surveys of illegal
resource exploitation, only a few studies have eggmpted in the field of biological
conservation. Several reasons have been suggesttdsf including that the method
itself thus difficult for the average person to goehend (Smith, 1989). The complex
mathematical derivations and other statistical gargn published papers on this
method (Greenberget al, 1969) sometimes look unappealing to an average
researcher. Also, the difficulty found by researshexplaining the technique to

respondents perhaps, make this technique a littee ndlifficult for biologists to
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assimilate easily (Kline & Schill, 1995). Nevertbges, the RRT remains a useful tool

under the current conservation crisis.

Methods

Study site

This study was done in four village communitieMasailand adjacent to Tarangire
National Park. The Masailand forms part of non-gct#d areas and game controlled
areas, Lolkisale and Simanjiro (Fig. 3.0). Its #igance as dispersal and calving
range for migrant wildlife makes it the heartlanfitbe Tarangire National Park
(Kahurananga, 1981). Wildlife species seasonallyrating into this area include but
are not limited to zebra, wildebeest, buffal8yncerus caffeiSparrman), eland
(Taurotragus oryxLydekker), and elephant{doxodonta AfricanaMatschie). These
animals spend more than half the year grazingigatea. Resident game animals are
impala, giraffe Giraffa camelopardalis Matschie), lesser and greater kudu
(Tragelaphus speciebleller), Thomson’s gazelle, Grantgazelle Gazella granti
Brooke) and warthogéPhacochoerus aethiopici&etzschmar). The area is of semi-
arid savannah vegetation with low rainfall regineésetween 450-600mm per year
(Kahurananga, 1979). This area is also used by dbeo-pastoralist Masai
communities who have long shared the ranges ressungth wildlife. Formal
licensed hunting is conducted each year in the doeag the hunting season (July-
December). There is no formal government body enfibld overseeing protection of
wildlife, a situation that allows illegal huntingarticularly during the period when

sanctioned hunting is not occurring.

The communities

The local inhabitants are mainly Masai who werglitranally nomadic herders that
rarely ate bush meat. They largely depend on raageurces, particularly grazing
pastures for their livestock (Nelson, 2000). In fhesst two decades rapid human
population growth and increased demand for livaelthdhave caused unsurpassed
resource depletion in the Masailand (Galaty, 198Mlwalyosi, 1991). As a
consequence, traditional nomadic pastoralists haped for a more permanent
settlement (Mwalyosi, 1992).
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The Masai still build traditional mud-dung housesaaged in a circle around a cattle
corral, a kraal obomaas it is commonly known. A kraal is a polygynousiiy
compound, (thus a household) and consists of & lergular thornbush fence around
a ring of houses ranging from 4-8 huts (Gulliv&d69). The household may consist of
an elderly father, his wives and his married séfraals can be distinguished by the
distance between them as they tend to be widepedsed. There is a very organized
social grouping system amongst the Masai communithh the family activities
categorised according to the age grodpsy move up through a hierarchy of grades,
including those of warriors, junior and senior etddhe warriors (men between 17-
35 years of age) are in charge of the society'srggcand spend most of their time
now on walkabouts throughout the Masailand (Gala882). Together with boys
they herd the livestock. Women are responsiblenfaking the houses as well as
supplying water, collecting firewood, milking cattland cooking for the family.
Elders carry out duties as advisors and attendrtoly problems such as diseases and

are sometimes involved in trading cattle.

Sampling Procedure

This study used a randomised response method godstionnaire survey. A sample
of 298 households taken from four systematicallp@ad villages; Lolkisale (n=93),
Sukuro (n=71), Terrat (n=88), and Kimotorok (n=#&re used. These villages were
chosen due to their location in close vicinity tacke other, because they had
historically been sharing rangelands with wildlifieey had high poaching incidences
relative to other villages (TNPR, 2006) and, haadlase developments particularly
agricultural fields around them.

Each village has several sub-villages (wards) withillage centre where there is a
village administrative office and other social amies. Sub-villages located on the
outskirts are politically administered by sub-\iiégaheads that are responsible to an
overall village chairman. Within Masailand, thesgbhwillages whose kraals may
range from 10-25 average in size (Huntingford, 2988 highly dispersed probably
to maximize use of range resources for their hefds.this study, | sought to survey
all households in all sub-villages but excluding ttentral village because they are

more distant from wildlife.
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Having obtained a written permit from the villagead, we went to each sub-village
head who assigned us another man who took us threagh kraal for the survey.
This was important because Masai people would yatsclose any information to
foreigners they do not know. Also having their d&ll Masai man with us, built a
sense of trust for the survey and enabled explamatin the respondents’ local
language when needed. Apart from this, we alsoehadntracted fellow Masai with
whom we worked in all villages throughout the syrvEhese factors minimised bias
from intentional falsification of answers or refusa respond (Umesh & Peterson,
1991). We walked between household kraals and someetused a car to shuttle

between sub-villages when the distance was ndieasikable.

For the RRT process, | used one respondent fromm leagsehold. These individuals
were those who had appropriate knowledge of thesdimid affairs and sound
experience in living close to the wildlife. Thugspondents were above 18 years of
age and mostly elder sons of the household heatisvaose major role was herding
and protecting livestock. With these criteria, ladusehold elders and women, unless
otherwise stated, were eliminated from doing theTRfRocess. Nevertheless, there
were cases where the targeted individuals weretegledue to not understanding the
protocol or possibly fears. These were replacedhby brothers in the same boma.
Questionnaires were completed by the majority afsetiold members including the
head. All the interviews were conducted in Kiswiahd national language of

Tanzania.

Administering the Randomised Response Technique anthe Questionnaire

survey

lllegal killing of the four ungulate species namefebra, impala, wildebeesind

Thomson’s gazellevas estimated over a three year period between 20652007

inclusive. To better explain the RRT responsesked four questions about;

0] The negative impacts and the benefits that Maganmenities obtain by living
in the vicinity of the wildlife.

(i) Whether they get any allowances from the governmeantcompanies
conducting hunting of wildlife from around the syslte.

(i)  Whether any member of the household is employeahinwildlife sector in

the area.
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(iv)  Their opinion on the law protecting wildlife in tlaeea.

These questions are relevant to assessing theidndlg’ willingness to protect and
conserve the wildlife. 1 examined the linkage betwehe RRT responses and the

costs and benefits of wildlife to the local comntigs in the area.

Surveying illiterate and traditionally conservati@mmunity such as the Masai poses
challenges. This community does not traditionally wildlife meat. Because of this
they have been allowed by the governments to livthinv wildlife rangelands
throughout east Africa for decades. The majorityaidas that the Masai occupy are
also wildlife areas not protected by the stricesuthat apply to the National Parks.
There is, nevertheless, illegal hunting of gamemais by people from within and
outside the Masai community. Controlling poachinghese areas is difficult without
any information at hand. A great deal of informatan illegal hunting, however, rests

with the Masai.

| piloted the RRT method in 42 households in a Masanmunity near Tarangire
National Park. | used the unrelated question deSdghyou hunt this animal without
permission in the past three years since, 2005@’ sSdtond question was, ‘Did you
see head when you flipped the coin?’ | administehedRRT process using a New
Zealand 50 cent coin and photographs of the namkedungulates as described in
Solomonet al. (2007). The primary sample size targeted in tha pias equivalent to

an average size of a Masai village.

In the pilot study twelve households refused totipigate in the survey on the
grounds that they do not hunt wildlife. The remaghisample (n=30) surprisingly
gave negative answers to both of the questionanRtese responses, it was not
possible to estimate the levels of poaching asthvas no “yes” response to either of
the questions asked. All respondents demonstratednderstanding of the RRT
process, but | suspected the following to have edukis outcome. The fact that the
Masai do not traditionally eat wild meat probablguld have caused this non-
response. My field experience (personal observa004-2006) and a discussion |
carried out with the Masai men showed that the Miasat and eat wild meat during

seasons of droughts and famine. They also killviiidlife that feed on their crops
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(TNPR, 2006)Since rain is highly erratic and droughts are fesguregular shortage
of food for this human population is likelfzear and the resulting consequence of
disclosing the poaching issues also were suspéctedke the Masai refuse. Another
possible reason for non-response was that, pethapggasai were involved in illegal
hunting of wildlife. The outcomes of the pilot sayvdid not worry me because even a
sub-tribe of MasaiDorobo (Huntingford, 1955; Zwanenberg, 1976) who live lafid

(by hunting and gathering) denied hunting wildlféhen they were asked this

guestion.

In the study area there are no wildlife protectguards, nor is there any person or
body from which | could get data on the illegal himg. Under this situation, the only
people to get this information from were the inhaiis of the area, the Masai. Thus |
decided to modify the wording in the sensitive dlesto encourage cooperation and
truthful answers from the respondents. The semsijuestion was reworded into
“Did you hunt or seen any one person hunting thid animal out of hunting season
since the year 2005?” The non-sensitive question Wal you see head when you
flipped the coin? The RRT procedure was describetl demonstrated before each
respondent using a dollar coin, its photo and pirajohs of the named animals as in
Solomon et al. (2007). | explained the purpose of our visit omivat at each
household compound by requesting the household menbd provide information to
a student undertaking nature conservation studidsew Zealand. By emphasising
that our survey was absolutely for schooling puepase minimised response bias
from respondents on their feeling of the potentatcomes of their responses.
Interviews were conducted in Kiswabhili language ard/ raised questions were
answered. | made clarifications on the sensitivestian that hunting could have
included killing or helping other people to kill Miife for any reason, be it for
subsistence meat, commercial, or accidentally kilke farms as a results of raiding

crops.
Having respondents who understood the protocol; theependently tossed up the

coin and answered ‘yes’ or ‘no’ to either of theoad questions. Answers for each
coin toss were recorded and thereafter a questiensiarvey was completed.
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The questions were mostly close-ended, where relgms were presented with
response alternatives (Appendix 3.1). A few questibowever were open-ended for
respondents to give their own views. | pre-testhd structured questionnaire
alongside the RRT method; only slight adjustmergsawnade to it. Several questions
were posed including, identifying key threats freime wildlife; the wildlife related
benefits accrued, major economic activities of gkeple, their employment status in
the wildlife industry in the area, and their opmion the law protecting wildlife in the
area particularly on the hunting perspective.

The other questions asked were for respondentertonent on the population trend
of wildlife being investigated (also presented drotegraphs) since the time they
lived in the area, residence time and why peoplelaviike to poach the wildlife.
Overall, these questions were used to gauge pesogifude over the wildlife in the

area. On the questionnaire | recorded age and edudavel of respondents.

Data Analysis
The data were analysed using two methods. The pgiopoof each of the wildlife
species that have been killed illegally (withoutrrpission) from this area was

estimated using the formula below (Fox & Tracy, @P8

R= Y-D(1-P)/P with a variange VarR) = Y (1 —Y)/ nP?

Where

* R = estimation of the proportion of respondents Whd ever poached or seen
any person killing the wildlife species in question

* Y = observed proportion of respondents who answéresl on the RRT
survey portion.

» D = proportion of the population expected to hawspoaded ‘yes’ to the non-
sensitive item of RRT (i.e. coin head)

* P = probability of responding to the sensitive bebar question, as there
were two choices, for a coin head or photo of dmahfrom a bag§=0.5)

* n=sample size
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Notes The probability of having ‘yes’ answers to the@suous question (did you see
head of a coin) is essentially 0.0625 (from 0.5*0.85) because the first toss of a
coin is independent of picking photo of a coin hdemn the bag. All the ‘yes’

answers to the non-sensitive question were thexgjoren by 0.0625*N, where N
denotes total number of respondents. This prolbabilas then used to obtain the
proportion of the population expected to have peodi responded to the non-

sensitive question (D)

Information from the questionnaires for all thedstwillages was used to quantify the
proportion of households whose income is primaitigm agricultural farming (i.e.
crop cultivation and livestock keeping). This prapmm was multiplied by the total
human population size (n=16652) from recently mi#d census of the area (URT,
2002), to obtain a total number of people (n=162029lved in agricultural activities

in the study villages (Table 3.2). Using 11.2 agerpersons per household calculated
by Mwalyosi (1991) for the area, the number of peojpvolved in agricultural
activities (n=16202) was divided by the average lpemnof people in a household to
get a total number of households in the villageosehincome is primarily from

agricultural farming.

Following Wright's (1980) procedure for estimatittge number of deer poached by
farmers in lowa, together with the method of Holmet al. (2002) for deriving the
number of local residents involved in hunting amuime Serengeti National Park, the
proportion estimates of the household respondemsived in illegal hunting of the
wildlife in Masailand (hereafter nameR; estimate in Table 3.0) was multiplied by
the total number of farming households to derive tbtal humber of households
involved in illegal hunting of the animal speciesquestion. On the assumption that
each household could have caused death to atdeasinimal through illegal killing
over the course of three years on which this staslked, | derived the average

estimates of the animals killed in one year as shiomfable 3.1.

The analysis of the questionnaire data was domgWMINITAB release 13.32.
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Results

Poaching estimates of the wild ungulates

The estimated proportion®) of the respondents who answered yes to the hgintin
guestion are shown in Table 3.0. Kruskal-Wallistseshow that there is no
significance difference in the proportions of paaghbetween the four villages (H=
4.53 DF=3,P=0.210) as well as across the four species (H= RB% 3,P=0.485).
The proportion of the zebra hunted is high at adotiarrat and Kimotorok villages
(R=0.56 andR=0.42, respectively) and appears to be the thirdtrhonted animal on
a pooled data. Impala is overall, the most hedwigted species with the poaching
estimates being larger at around Lolkisale andafernilages R=0.59 andR=0.44)
than in other villages. Of all the species, wildedieis the least poached animal
(R=0.37). However, wildebeest is poached in relayivieirge numbers at around
Lolkisale village R=0.42). Thomson'’s gazelle is most hunted aroundai ¢R=0.51)

and SukuroR=0.48) village communities.

The estimated median number of animals that haven bidlegally killed is
significantly different from the legal hunt of thgame species in the area (Mann-
Whitney W=26.0P = 0.030). Table 3.1 shows estimates of animalgallg killed in
comparison to those killed by licensed huntershie &rea as determined from the
number of issued hunting permits (Chapter 2)

Table 3.0: Estimated poaching levels of four vilddspecies in Masailand, Tanzania
indicated by the proportions of respondents (R)argg “yes” to the hunting question.

Wildlife species investigated

Impala Thomson’s gazelle  Wildebeest Zebra

Vilage name R- Variance R- Variance R- Variance R- Variance
(sample size) estimate of R estimate of R estimate  of R estimate of R
Lolkisale (93) 0.447 0.011 0.285 0.011 0.421 0.011 0.299 0.011
Sukuro (71) 0.401 0.014 0.485 0.013 0.348 0.014 0.293 0.013
Kimotorok (46)  0.428 0.021 0.347 0.021 0.375 0.021 0.428 0.021
Terrat (88) 0.59 0.009 0.511 0.01 0.36 0.011 0.564 0.01
Combined 0.476 0.003 0.412 0.003 0.379 0.003 0.399 0.003
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Table 3.1: Estimated numbers of animals killedarfrihe study area by illegal hunters
on average in one year in comparison to legal &Hta-or derivation of the estimates
and village farmer households see the text.

Village size Average farmer Hunt estimates
(2002 census) households (= f*n)  Species illegal le gal
Lolkisale 6253.471
(n=6427) Zebra 187.7 23
Sukuro 4349.31
(n=4470) Wildebeest 178.1 93
Kimotorok 358.064

Thomson's
(n=368) gazelle 197.3 57
Terrat 5241.551
(n=5387) Impala 226.2 75

Household total 16202.396

f = 0.973,a proportional estimate of the households whoserreis primarily from
agricultural activities, R= proportional estimate$ the households involved in illegal
killing of wildlife (Tablel); y =11.2 average number of people in a household, n=
village population size

Respondent’s demographics

The majority of respondents have lived within thedy site for a long time. Many

(43.2%) have lived there for >20 years, 33.6% liuedhe area for 10-20 years, and
about 23.2% <10 years at most. Most respondent§%a)/had at least a primary level
education and the remainder had no formal educati@f. All respondents managed
to do the RRT exercise successfully.

This community lives on both livestock keeping asdbsistence farming. A
significant majority (76.5%) of respondents were&oagastorals, 20.8% purely crop
growers and only 2.6% were engaged in small busisesh as mini-shops in the
Masailand. The young age class (18-25 years offjoreded significantly more to the
illegal hunting question than the mid-age (25-4&% ald (>45 years) group (H=8.77,
DF=2, P=0.012). The poaching proportions reported weresmmificantly different
between respondents with different level of litgr@d=2.22,DF=2, P=0.330).

The magnitude of wildlife threats to the local peole

When asked of the threats posed by the wildliféhear livelihoods, a range of direct
threats were pointed out (Table 3.2). Crop raidiigease transmission (malignant
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catarrh fever) from wildebeest to cattle, and Ipmedation on the livestock were of
much concern. Some respondents expressed theserm®mnith anger stating that
they would be happy if all wildebeests were extaated, leaving alive only a few
animals which could cause little or no harm to rthigestock. The levels of wildlife
problems inflicted to the Masai were not signifidgndifferent across the four
villages (H=3.0 DF = 3P = 0.392). Despite this however, | found no sigmifit
correlation between the threats posed to the Magahe animals (crop raiding and
disease transmission) and level of poaching oathmals in the areasy = 0.632,P >
0.05). There was also an insignificant negativeretation between all the types of

wildlife problems and level of poaching reportedhe arearf, = -0.40,P> 0.05).

Table 3.2: The percentage of wildlife threats mpd by the local people and the
number of respondents (in brackets)

Threats from wildlife identified by respondents

Crop raid and

crop Disease disease No bad
Villages pasture raid transmission  transmission All effect
Sukuro 0 29.0(25) 28.6(2) 24.8(25) 18.4(18) 0
Kimotorok 0 15.1(13) O 20.8(21) 9.2(9) 60.0(3)
Lolkisale 0 30.2(26) 42.9(3) 23.8(24) 41.8(41) O
Terrat 100(1) 25.6(22) 28.6(2) 30.7(31) 30.6(30) 40.0(2)

The benefits of wildlife resources to the local huan population

Respondents gave different views on the questiatirett benefits achieved from the
wildlife around them. About 51% (N=298) of the Itx&laimed not to realise any
benefits from the wildlife resources. Forty-eighargent credited the neighbouring
Tarangire National Park with helping, mentioningciab services such school
classrooms, cattle trenches, and health dispessaiéew people (1%) admitted to
enjoying the wildlife meat when given by legal henst The realised benefits from the
wildlife were significantly different across thelaiges surveyedyf =18.49,P<0.000,
DF =3).

Because employment and direct monetary benefit fituenwildlife are increasingly

cherished as incentives for shaping ones’ attitodeards the wildlife (Kidegheshet
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al., 2007), these questions were left asked. A tdt&l4d6% household respondents
were not employed and 69% claimed to receive ndlifighfrom the government
derived from hunting the animals around the areabl@ 3.3). Unemployment and
lack of monetary benefits from wildlife are sigo#intly higher and were the top
concerns across the villages (Unemploymght=20.26,P<0.000,DF =3; Monetary
benefits:y> =20.26,P <0.000,DF =3). There was a significant positive correlation
between the poaching levels and unemploymegt £ 1.0, P< 0.05) and an
insignificant positive correlation between poachin§ animals and insufficient
monetary benefits as well as realised or tangieleebts in the areérs, = 0.40,P>
0.05).

Table 3.3 Respondentgés(no) answers (N=298) on the question of whethenatr

they get direct benefit from the wildlife, whetloemot were employed in the wildlife
business, or get allowance as wildlife benefitsmfrthe government or hunting
companies around the area. Figures are actual propos of answers from village

respondents relative to total sample size (N)
The benefits from the wildlife

Villages Realised or tangible benefits Employment wildlife allowance
Sukuro 6.7(17.1) 3.4(20.4) 2.3(21.5)
Kimotorok 7.0(8.3) 1.3(14.1) 5.7(9.7)

Lolkisale 17.8(13.4) 3.7(27.5) 12.7(18.5)

Terrat 17.4(12.1) 7.0(22.5) 10.1(19.5)

Local peoples’ opinions on the trend of wildlife ppulation and hunting in the
area

| asked the Masai how the population of wildlifesHaeen fairing in the study area.
Across the four villages, the majority (41.9%) ekpondents felt that the wildlife
have been increasing?(=17.3,FD= 3,p < 0.001), and 33.5% said it was decreasing.
Others (9%) claimed the population of herbivorebdésTable and associate this with
the seasonal migration from and to Tarangire NatioRark, and 15.4% of

respondents had no idea.
When asked why they think people would illegally Wiildlife around the area, many

reasons were given. A combination of commerciallirggl local bushmeat

consumption and retaliatory killing (revenge kifJirof animals that have destroyed
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crops or livestock), were stressed (TableaB.Z#wenty six percent said illegal hunting
is done primarily for selling bushmeat, 8.7% fobsistence and 3.7% said animal
deaths were a result of retaliation killing. In onkage community (Lolkisale) some
respondents adamantly admitted to illegally tradeh@ wild meat. They arguethe
wildlife is causing great damage to our crops angdtock while these resources
seem to benefit only a few people in this countifiey added where is our right?
We are losing our wealth to these animals, no corsgigons and only to be told to
humble with this beast!"This is the only way we can bring back our loapital’

another person reported.

Table 3.4a: Respondents’ opinions in percentagénfon why people would tend to
kill the wildlife from around the area.

Reasons cited for illegal hunting

For poach easy to Don't
Villages bushmeat for selling accessto  retaliation  All know
Sukuro 30.7(8) 21.8(17) 33.3(1) 18.2(2) 23.6 (41) 0
Kimotorok 7.7(2) 25.6(20) 0 9.1(2) 11.5 (20) 1(3)
Lolkisale 19.2(5) 17.9(14) 33.3(1) 54.5(6) 37.9 (66) 0
Terrat 42.3(11) 34.9(27) 33.3(1) 18.2(2) 27.0 (47) 0

The question of law on the hunting and how the imgrdnd wildlife resources can be
managed sustainably, interestingly received diffevéews (Table 3.4).

Table 3.4b: Respondents’ answers in % (n) for thestjon what should the wildlife
law do to protect the wildlife around the area.

Allow free  ban local ban local and
Villages hunting hunting only trophy hunting  Don't know
Sukuro 19.4(7) 29.7(43) 17.5(20) 33.3(1)
Kimotorok 16.7(6) 17.9(26) 12.3(14) 0
Lolkisale 33.3(12) 32.4(47) 28.1(32) 66.7(2)
Terrat 30.6(11) 20.0(29) 42.1(48) 0

Approximately 48.6% perceive that citizen hunting@swcritical to the wildlife

survival and should be banned. Others (38.2%) wespicious of the legality of the
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hunting itself and suggested that all hunting bened to rescue the wildlife from
further declining. In contrast, 12% of the resparidéhad the feeling that the wildlife
should be for all, rather than remaining a stasewece and the law should allow free

use of these resources without restrictions.

Discussion

The poaching of wildlife in Masailand

The poaching threats differed amongst species piplthue to the species size and
behaviour. For example the high proportion of inapga¢ing hunted may be attributed
to its smaller body size and habit of thriving iistdrbed habitats. The hunting and
overall handling of impala by poachers may be easian for other relatively big
animals species (e.g. zebra and wildebeest), thereadsing its risks to poaching.
Poachers hunt impala by using strong spot lightssdrarp knives, arrows and some
locals use pit traps (personal observation, 200%) poaching of impala and
Thomson’s gazelle is primarily for local consumptiand for selling meat at local
black markets within the villages. At local restts in the Masailand it is not
surprising to be served with the impala soup pditento be of a goat. Unlike
impala, zebra is hunted mainly for its skin (Parlardén personal communication,
2008). In this area the poaching of zebra and Wweést is mostly by firearms and
from vehicles. The meat and the zebra skins arpligapto the black market in big
cities and sometimes exported to neighbouring ec@mmtparticularly Kenya. While
the poaching incidences in the Masailand couldttréaTable to a lack of resource
guards in the field, however, even in a heavilytgected area like Serengeti National
Park poaching remains a single major threat toettwmsystem (Arceset al 1995;
Dublin et al, 1990). In the Serengeti National Park poachingyigshe use of wire
snares and night hunting with dogs and involvegdagroups of poachers hunting
together (Arceset al, 1995; Loibookiet al 2002).

Poaching in the Masailand is driven by a numbezxtérnal factors. Harsh economic
conditions for the local people may incline themhtmt illegally as the immediate
alternative source of food and cash income. This waced when the local people

were asked for reasons why people would poach iveldh Serengeti National Park
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illegal hunting is conducted both for commerciat amusehold food consumption
(Kaltenbornet al, 2005; Loibookiet al, 2002).

As the Masai are increasingly being forced to coh the current development
change, young Masai get easily along with poacteerd become involved in
poaching of wildlife. Nelson (2000) points out thhé Masai people assist poachers
normally for monetary gains or for food when theyne to hunt in the Masailand. A
study done with local communities surrounding Sge#inNational Park shows that
about 34.3% of traders in the area rely on illggatquired wild meat as their sole

source of income (Barnett, 2000).

Wildlife and the local people in Masailand

The relationship between wildlife and local peopias become important to
conservation in many reserves throughout Africae @pparent interaction between
the wildlife and the agro-pastoral Masai give iis® conflicts. There are a multitude
of problems reported by the Masai, ranging fronsiog their cattle to lion predation,
crop raiding by wild herbivores, to their cattlecsumbing into malignant catarrh
fever, a deadly disease believed to be transmitted lambing wildebeest. There is
no compensation for any loss when the local pe@pleounter these problems.
Further, unemployment is high and people curreb#wpefit little from the wildlife
resources. Due to insufficient wildlife incentivélsese resources may be jeopardized
in the hands of the Masai. Whether absolutely righguilty by association, these
conflicts have been a major source of wildlife tiedty Masai in this area. Carnivore-
bait poisoning was mentioned as a widespread peadid eliminate livestock
predators around the area (Division Officer, peas@ommunication, 2004). In this
study, 11(4%) respondents admitted that wildlif&ileed in retaliation in their crop
farms. Similar results have been reported in Kalben et al. 005) where about
38% of village communities admitted to killing arala that cause damage around
Serengeti National Park. In Way Kambas NationakP8umatra Indonesia, local
people eliminate unwelcome animals (Nyhet al, 2000). In Mozambique and
Laikipia District, Kenya, local peasants and padtsts perceive crop raiders and
dangerous animals negatively (De Boer & Baqueté22Gadd, 2005).

The failure by the Masai to obtain sufficient wifdiderived benefits has resulted in

them having no affinity with the concept of consgion or the protection of wildlife
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against outside poachers. Beside them killing mmobblnimals from their farms, |
found that they also poach animals for subsistera® help outsiders in poaching
wildlife. Similar finding has been reported by Nmis (2000) among the Masai

communities in the Masailand.

The effect of the double-barrelled question on theprecision of poaching
estimates

The poaching estimates reported here may be oviensges because of the nature of
the question asked in the randomised response Taa. or more respondents may
have seen one poacher killing animals in the same@, ehence reported many
incidences while it is actually one event. Evethi§ is likely, however its impact on
the precision of the estimates is minimal and iegsrtant due to the following;

First, | asked for only one incidence in the mairestion of the randomising method.
While the chance for one respondent observing ndhfigrent poaching events in
different sites is large, respondents were askedgdort on only one kill event. In the
Masailand there are no wildlife guards who couldrgee and protect these resources
against poachers. As a consequence there may batedphunting by poachers who
may take advantage of this freedom. Repeated pogdly same individuals has also
been reported as a common phenomenon in the argsdéehers where they admitted
to have gone hunting 4-times in one year in the@pti National Park (Hofeat al,
1996).

Second, in the randomised sensitive question relgas were not asked for how
many animals they killed or seen killed by otheagters over the course of time.
Due to the risks involved in poaching, poachersndbtake one animal; rather they
strive to maximize their hunt by killing as manyiraals as possible in one poaching
occasion. This may happen because of the sizeeofatiimal hunted, easiness in
handling (e.g. impala and Thomson’s gazelle) are résultant economic benefits
from selling of the bushmeat (wildebeest and zeldmis it is likely that respondents
gave one answer despite killing, or having seeledkimany animals over the time
period they were asked about. For example, in tindysarea, in one incidence about
24 skinless zebra carcases were found by rangera semgle patrol (Tarangire

Warden’s report, 2006). Similarly, among the Kunyde of Western Serengeti,
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illegal hunters are reported to kill up to or maéhan 80 animals in the Serengeti
National Park in just one hunting trip (Hofet al, 1996; Holmernet al, 2002;
Loibooki et al, 2002).

Third, due to the widely distributed settlementtgats of the Masai, some poaching
events around the area may go unnoticed by othbrs ave located far from the
scene. In this study | asked this question witlhierr in-depth clarification on what |
was looking for. | emphasised to the respondersilliegal hunting of animals could
have been done by any means and for any causexgorple, the killing of wildlife
in retaliation because of raiding crops in farmsnting for home meat consumption
as well as by assisting other people in the evémoaching the animal species in

guestion.

Fourth, the sensitive nature of the poaching its&ll have caused the respondents to
respond for other poachers when they themselvesitiael the actual killing. While it
is difficult to ascertain this, however Kaltenboeh al. (2005) found that within a
well-known traditionally hunting tribe (the Kuryadjacent to Serengeti National
Park, when asked a direct question whether any reepflthe household is a hunter,
81% of respondents replied ‘no’. Surprisingly, ihetsame study about 77%
respondents said ‘yes’ when asked whether they lofeather hunters in the village.
These mixed responses were attribuTable to theentiatis nature of the poaching
and its repercussions. For the Masai, the feadigolosing poaching is probably
justified from their long-standing trust to co-exisith the wildlife in many range
areas. As most of their lives depend on livestackithing that may deny them areas
for grazing would be disastrous to their liveliheo@ollectively, these reasons nullify

the bias that may have resulted from the question.

Nevertheless, the estimates reported here are lawerpared to the poaching
estimates reported in other studies elsewhere. eixkample, Hoferet al. (1996)
estimated that about 160,000 migratory and residaihals are illegally harvested
annually in the Serengeti National Park and astetiareas. Similarly, approximately
40,000 wildebeest have been estimated to be poaahadally from Serengeti
National Park (Mdumat al, 1998). A more recent study by Loiboa#i al. (2002)
suggested that about 60,000 people are involvatlegl hunting of wildlife each
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year in the western side of Serengeti National Pahe current study is similar to
these studies because poachers in both casesdsigént and migratory animals -
wildebeest, zebra and impala. However, these sudiféer with the current one in
that they used spatial modelling techniques anelsanecord with group meetings to
derive the poaching estimates. None of these swdiked the hunting question to the

local people directly as this study did.

Implications for conservation

The poaching levels are high and directly redueenthmber of animals in the area.
Both resident and migratory species are hunteddagclpers. The migratory species,
such as zebra and wildebeest, come from the adjaesangire National Park where
they enjoy full protection for about five monthstbgé year. A reduction in number of
these species will be reflected in the nationak parere these species are regarded as
keystones (Lamprey, 1963). It is not known yet ltheg-term impact of this hunting

on the population viability of the individual spesiin the area (see Chapter 6).

In the Masailand, poaching is associated withlelrel at which the local people are,
or are not, satisfied with the current conservabenefits from the wildlife. It is also
related to the financial and food insecurity amamgany people in the area. The shift
in the mode of life from traditionally wandering gomore permanent settlement has
further exacerbated the problem on the wildlifeitzib. As more people settle down,
they open more land for agricultural farms. Thislieady a threat to the important
migratory corridors between the national parks amidcent dispersal areas (Gamassa,
1995; Mwalyosi, 1992).

Any comprehensive strategy toward conservatiorh@sé areas should first address
these irregularities on the ground. A comprehensveew of the current distribution
of wildlife benefits within the Masai communitieshaild be a priority. The
government and responsible agencies running theéngubusinesses around the area
should strive to make the wildlife benefits moraligic to the Masai. This would
involve strengthening the existing benefits (if arand design for more wildlife
projects targeted at increasing the individual aathmunity benefits for the locals.
The locals should have a sense of ownership irgsetiprojects. In this way they will

protect these resources as theirs against outsidehprs. Tourism activities in the
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form of wildlife ballooning may be useful and mag & suiTable candidate due to the
plains nature of the area. Balloon tourism may beomplement for the existing
hunting projects during seasons when hunting isedoand when almost all the
animals of the Tarangire National Park are witliiase areas. Alongside increasing
the wildlife benefits to the locals, the responsiblildiife authority should establish a
patrol force in this area.

Education should also be an emphasis. Awarenedsotbrage classes of the Masai
community will improve their understanding and witenefits may improve their
attitudes in those wildlife conflict-torn areas. pmasis should be given on the
environmental conservation education and how treay tape their livestock wealth
into another form of capital which will minimize ggsures on the environment and
the wildlife habitats.

Appendix 3.0 Case study animal species used in tinesis
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Photographs of the four wildlife species used aeudy animals in this study. Top
left-is Zebra, top-right is the Wildebeest, midiéiig-impala, middle right-Thomson’s
gazelle. The last (bottom) is a photo of a New &&hb0cent coin. These photos were
used along with the randomised response techniaikad in the study of poaching

of these animals around the Tarangire National Radthern Tanzania in 2008 (see
chapter 3, of this thesis).

Appendix 3.1 Questionnaire survey used along withet Random Response
technique (RRT) in the study of poaching of wilddifoutside Tarangire-northern
Tanzania-2008

1. What are the costs associated with having the waldiving around your
areas? Ticlall that apply

a.
b. wildlife destroy our crops in farms
c. wildlife kill our livestock e.g. lions
d.
e

wildlife compete for pastoral land with our livesko

wildlife transmit disease to our livestock e.g.debeest

2. What are the benefits do you get by living neas¢haildlife resources?

3. Is any member of your household family employedny wildlife business
sector such as parks, hunting company ordoopany?

a. Yes b. No

If yeshow many people ..........

4. Do you get any allowance/benefit from the governtitempany doing
wildlife hunting business in these areas?

a. Yes b. No

52



If yesname those benefits..........coovvii i
5. According to the time you have lived in this ar@lat can you say of
the population trend of wildlifeséen in photo¥in these areas? Tidoe
(a)Animals havalecreasedmuch(b) Animals havencreasedmuch
(c) Neither decreased nor increasdd) | don’t know
Givereason(s)for your answer above............ocovviieiiiiineennn.
6. Why do you think people would love to hunt/kill diife? Tickall that apply
want bush meat
need money from selling bush meat

wildlife is relatively easy to access to
want to get rid off problems caused by wildlife

PO T®

7. What economic activities you do thatldeaou earn your living? Ticall

that apply
a. pastoral farming C. petty business
b. crop farming d. charcoal selling

8. On your opinion, what do you think on the law pobiteg wildlife in this area?
Tick onewhich apply

a. The law should allow free access to wildlife
b. Local/community hunting should be prohibited by law
c. The law should stop any sort of hunting (local/istyiin these areas

9. How did you find the applicability of this technigRRT) in this study? Tick
onewhich apply
a. easy to understand and apply
b. was difficult to understand
c. understandable even to illiterate
10.Which level of school did you attend? Circlee
a. standard seven( class 1-7)

b. secondary/college education
c. No formal education
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11. For how long have you lived here (in thisad? Tickone

(a)Between 5-10 years (b) Between 10-20 years (c) Over 20 years

12.How old are you? Circlene
a. between 18-25 years
b. betweer25-45 years

cbetween 45- 80 years
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4. LIFE HISTORY PARAMETERS OF ZEBRA, IMPALA,
THOMSON'S GAZELLE AND WILDEBEEST IN THE
TARANGIRE AREA, TANZANIA

Introduction

Information about vital rates of exploited spedesmportant to understanding how
their populations might respond to human explatatiFor instance, how do birth and
survival rates change in response to hunting? Tebenderstand these tradeoffs, a
record of species-specific demographic data isirequUnfortunately, species vital
parameters such as the birth and death rates ehijeg and adults, the age and sex
structures, gestation time, maximum rate of repctidn and life span require lengthy
studies. Furthermore, these parameters may vargrgeloically which may suggest
that for my study data from Tarangire area is nemgs This, however, is not possible
and instead | have sought to collect these vitglupdion parameters for zebra,
wildebeest, impala and Thomson’s gazelle from higld literature for anywhere in

sub-Saharan Africa.

Life-history details of plains zebra

Plains zebra are widely distributed throughout Sabaran Africa with the largest
population still remaining in Kenya and Tanzania¢Ket al, 2004). The ecology
and social behaviour of this species are well saidGinsberg & Rubenstein, 1990;
Klingel, 1969; Rubenstein, 1986). The conservastatus of the species shows low
decline, although this species is already extimctsome countries (e.g. Burundi,
Lesotho and probably Angola) where originally itsyalentiful (Hacket al, 2004).
Habitat loss due to human activities and huntirggl{lillegal and legal) are the critical

factors mooted for its continual decline in majartp of its range.

In Tanzania, life-history studies have been domeale Ngorongoro crater, Loliondo
area, Serengeti National Parks in northern Tanz@Klmgel, 1975; Sinclair &

Norton-Griffiths, 1982; Smuts, 1976), and Rukwaaamebra in western Tanzania
(Klingel, 1969). These studies show variations e tparameters recorded for
different zebra populations and even for the sawmgulation recorded at different
years. For example, for the Ngorongoro zebra altres proportion of female zebra
giving birth to foals increased from 38% in 19874©% in 1988, while the male:
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female sex ratio of foals dropped from 1.3 to h.thie same years (Haek al, 2004).

Even for the same population, female fecundity saaed yearling sex ratio are
available only for one year (Table 4.0). The popafaof plains zebra in Serengeti
national Park appears to be regulated by predét@nrangeet al, 2004; Sinclair &

Norton-Griffiths, 1982). This suggests that theaVitates of this population would
probably differ from a population that is not coasted by predators, e.g. the
Simanjiro plains zebra where predators (lions arygnhs) have been heavily
decimated by pastoralists. Further, the Simanjlanp zebra faces pressure from
resource competitors, livestock, suggesting thatpibpulation would still behave

differently from its counterpart.

Plains zebras reproduce polygynously whereby desitgllion may collect up to ten
mares in a harem (Klingel, 1969; Rubenstein, 198@iation in local climate
conditions (i.e. annual rainfall) greatly influescen the patterns of recruitment rates,
foal survival, adult sex ratio and population dgns{Pettorelli et al, 2005;
Rubenstein, 1986; Toigo & Gaillard, 2003). In then&jiro plains of northern
Tanzania, plains zebras were observed giving lbirtfrewer foals during seasons of
droughts (personal Observation, 2005). This cordimeports of restricted female
reproduction when resources are scarce (Allednal, 1983; Festa-Bianchet &
Jorgenson, 1998). In the Serengeti National park, recruitment rates of most
herbivores are rainfall-mediated (Pascebl, 1997), and thus of the foal mortality
and fecundity rates due to resource availabilitgi{l@rd et al, 2000). Thus, the study
in western Tanzania, however, gives insights foatwdould probably be for the zebra
population in northern Tanzania, as western Tamzaueives relatively high rainfalls

than the northern part.

Plains zebra have been studied in Samburu Nati@adt and Athi-Kapiti plains in
Kenya (Ohsawa, 1982; Petersen & Casebeer, 197ZrRtén, 1989). These studies
examined group composition, recruitment and maytalites and sex ratios amongst
adults (Table 4.0). Although these studies giveompmrehensive life Table for the
plains zebra, the age distribution of that popatais unlikely to be representative of
all zebra populations. Currently, however, theseists are the only available sources
of such data and indeed have been used in stochiasslie matrix population

projection models, e.g. Georgiadisal. (2003).
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From the southern Africa regions plains zebra hasen studied in Nyika National
Park, Malawi (Munthali & Banda, 1992), in Etoshatidaal Park, Namibia (Gasaway
et al, 1996; Klingel, 1969) and in Kruger National Paquth Africa (Gasawagt
al., 1996; Klingel, 1969; Smuts, 1976). The study ikl is less detailed and does
not depict important vital rates apart from showtihg adult sex ratio and recruitment
of foals. As for the Etosha’s population, the studyconfounded by the same
constraints although it records group compositiot javenile recruitment rates.

Table 4.0: Demographic variables from publishedrature for plain zebra
Populations throughout their eastern and southeimcA range

Annual Recruitment
Studied zebra mortality Age, 1st rates Adult  Source
populations rate reproduction Foals Juvenile sex ratios
Foals Adults (=1lyr) (1 S3yrs) M:F
Ngorongoro Crater, 0.03- 0.69-
Tanzania 0.19 0.09 0.2 0.88 4,5
Ngorongoro Crater,
Tanzania 0.19 0.07 3.40-4.40 0.19 0.19 6
Loriondo area,
Tanzania 0.56 12
0.11,
Serengeti NP, Tanzania 0.3 0.11 0.39 0.85 4,7,
Samburu N.R., Kenya 0.33 0.2 0.12 0.62 1,2
Athi-Kapiti Plains,
Kenya 0.38 0.17 0.26 0.28 3
Etosha NP, Namibia 0.18 4,11
Nyika NP, Malawi 0.1 1 8
Kruger NP, South 0.03-
Africa 0.47 0.13 0.12 0.06 0.75 9, 10

References:1- Rubenstein (1989); 2- Ohsawa (1982); 3- Pateaisel Casebeer (1972);

4-Klingel (1969); 5-Klingel (1975); 6- M. Hack
http://www.eeb.princeton.edu/FACULTY/Rubensteinfghd2002_Hack%?20etal IUNC_Moehliman_e
d.pdf(accessed May, 2008); 7-Grargfeal. (2004); 8-Munthali and Banda (1992); 9- Smuts @7
10-Smuts (1976b); 11-Gasaway,al (1996); 12-Skoog in Smuts (1976a).

From the southern region, the only detailed and prehensive study was done at
Kruger NP (above). Authors have shown variables #ra important at least for
species population survival (Table 4.0). When exauahj the southern plains zebra
population differ markedly with the eastern Afripapulation. For example, plains
zebra on Athi-Kapiti plains in Kenya recruit foas26% yearly while at Kruger NP,
only 12% foals are recruited. Similarly, 28% of guves are recruited into the adult

population in Kenya and only 6% juveniles are rdéeds at Kruger NP. This
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difference may be explained by differences in ctimaonditions and predators
between the sites. It is not known whether thisat@mn also holds for the Tarangire
plains zebra. Table 4.1 shows the survival andrfdity rates of zebra population in
the Serengeti National Park.

Table 4.1: Survival and fecundity rates of zebogudation in Serengeti National
Park.

Age Fecundity Survival
First year 0 0.389
Yearling 0 0.847
2-year olds 0 0.979
3-5 year olds 0.686 0.954
Mature female 0.883 0.875
Senescent female 0.883 0.768

Data taken from Grangst al. 2004

Life history parameters of Impala

Impala are unique browsers in the savannahs ot&fccurring widely through the
wooded grassland and open woodland zones of westeniral and southern Africa.
Impala form large groups composed of many femalils & single territorial male
and they reproduce polygynously. The southern impalve a 3-week rut at the end
of the rainy season (Jarman & Jarman, 1973). Trst Ehican impala, however,
have a more extended breeding period with most lEsr@nceiving late in the rainy
season. A full description of the social behaviand reproduction of impala is given
by (Jarman, 1974; Jarman & Jarman, 1973). Infoonadibout life history variables
of impala is scant and only a few studies havergited to study impala in natural
range (Dasmann & Mossman, 1962; Jarman & Jarmat8)1&emales can conceive
at 1.5 years age and males mature by the age d&rné&n, 1979). The gestation
period, birth rate, life span and age at first oeluction were sourced from these
studies (above), as is shown in Table 4.2.
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Table 4.2: Life history parameters of the eastenpala population. Data sourced
from studies above.

Parameter Range/values

Age at 1st reproduction males 5

Age at 1st reproduction females 2

Inter-birth interval 1.1

Mating system polygynous

Number of young 1

Sex ratio of young 50%

Sex ratio of adult 60%

Annual mortality- juveniles(F&M) 40% (both)

Yearling mortality(M/F) 20%M and 10%F
0-25-66-100%

Annual mortality adult males (various ages)
3-5-30-20%

Annual mortality adult females (various ages)

Maximum age 13

Fecundity rates 70-90% 1% and later age

Life history parameters of Thomson'’s gazelle

The range of a Thomson's gazelle is quite smafisting only of areas in Tanzania,
Kenya, and southern Sudan. They live in areas aftijnsehort grasslands of the open
savannah (Hosking & Withers, 1996). However thalf move to more wooded
areas when the supply of grass becomes low dumnmglity season (Estes, 1967). The
behaviour and ecology of Thomson’s gazelle haven lescribed in many studies
(Baptist & Fink, 1992; Estes, 1967; Estefsal, 2006; Robinette & Archer, 1971).
However, life history information about this species poorly documented. The
available few data indicate that this species beceexually mature at the age of one
and two years for the female and male respecti{Rbpinette & Archer, 1971). As in
other harem forming ungulates, males form terg®ontaining up to sixty females
in a discrete and lose group. This group may sangibe difficult to serve in the
presence of other competing (satellite) males. Heweas this species range is small,
any available information may be suiTable or repnéative of all other populations.
The available parameters were sourced from a rahgtudies done in Tanzania and
Kenya (Table 4.3).
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Table 4.3: Life-history parameters of Thomson'zeaike

Survival
Parameter Range/values rates
Age at 1st reproduction males 2 years b
Age at 1st reproduction females 1 year a,b
Inter-birth interval 0.5 year b
Mating system polygynous
Number of young 1 b
Sex ratio of young 0.5 b
Annual mortality- juveniles 0.45-0.70 c
Yearling mortality unknown
Annual mortality adult males 0.22 c
Annual mortality adult females 0.22 c
Maximum age 10.5-12years ab
Survival rates
Calves 0.27- 0.28 d
Yearlings 0.098- 0.12 d

Data source: a. Hosking & Withers (1996); b. Rotimm& Archer (1971); c. Baptist & Fink (1992); d.
Esteset al. (2006).

Life history parameters of Wildebeest

Wildebeest is perhaps the most widegpersed species in the savannahs of east
Africa. It is, however, declining in most parts v range due to anthropogenic
disturbance (Estest al, 2006). The wildebeest population has been studied
extensively across large part of its range (Gagaatal, 1996; Kahurananga, 1981;
Munthali & Banda, 1992; Sinclair & Norton-Griffithd982) Wildebeest reproduce
polygynously and exhibit a synchronous breedingepatwhere pregnant females
drop their calves almost during the same periadc(&r, 1977). The females give
birth to only one calf from the age of one and H toatwo years as opposed to males
who attain sexual maturity at the age of 3-4 (Talkdalbot, 1963). The maximum
age recorded for the wildebeest is 20 years (HgsKinWithers, 1996; Talbot &
Talbot, 1963). The patterns of reproduction andcaff mortality appear to be
influenced by the range nutrition. Under droughhdibons most females tend to
breed at a later age or not at all, this has besnodstrated in other wild ungulate
species e.g. deer (Gaillard et al., 2000; TalbofT&bot, 1963). In the Serengeti
wildebeest most (75%) cases of mortality was a@uendernutrition (Mduma et al.,
1999). The eastern Masailand wildebeest (Athi-Kgpains, Kenya and Simanijiro
plains, Tanzania) has poor nutrition due to contipetifrom grazing livestock. As a
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consequence, the wildebeest populations in thessesdrave lower calf survival rates

than in the Serengeti population (Talbot & Talld®163 & references there in).

The male to female ratio both at bintld @adulthood differs among the Serengeti and
Tarangire wildebeest populations. In the Serengadies constitutes about 54% of all
born calves and about 52% at adulthood whereakerirarangire wildebeest about
33% of adults are male (Talbot & Talbot, 1963). Tikéerential birth and mortality
rates between these populations have been explayntied different plant phenology,
human activities (e.g. overgrazing) and other ash/econditions in these areas
causing a disproportionate prenatal and postnatatafity of males. High loss of
males especially under adverse and overstockeck remggditions has been discussed
in relation to herds of mountain goats, elk, cavildamd mule deer (Cowan, 1950 cited
in Talbot & Talbot, 1963). Similarly, harsh enviraental conditions has also been
shown to have a bigger impact on most observedrisuwival of males than females

in most ungulates species (Toigo & Gaillard, 2003).

The vital rates for the wildebeest population hasrbcalculated from the Serengeti
ecosystem (Granget al, 2004; Talbot & Talbot, 1963) and the age struetis

shown in Table 4.4. Based on the local climate gladt phenology which are about
the same in Tarangire and Serengeti national gagwaprey, 1964), these parameters

will be used as surrogates for the Tarangire wigsb models.

Table 4.4: Life-history parameters ofdebeest from Eastern Africa

Parameter Range/values Survival rate®

Age at 1st reproduction males 3-4 years calf (1 year)- 0.75
Age at 1st reproduction females 1.5-2 years yearling- 0.89
Inter-birth interval 1.5 - 2year® 2-year old- 0.87
Mating system Polygynous® 3-5yrs old- 0.89
Number of young 1.0 mature female- 0.79
Sex ratio of young 63%° old female- 0.78
Sex ratio of adult 32.8%"

Annual mortality- juveniles 16-20%*¢ Fecundity rates®
Yearling mortality 1.3%° 2-year old- 0.37
Annual mortality adult males 1.4 - 5% 3-5 year old- 0.89
Annual mortality adult females 1.4 - 5%"¢ mature female- 0.95
Maximum age 20° old female- 0.95
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Data sourcesa- Talbot & Talbot (1963), b- Mdunet d.(1999), ¢c- Granget al(2004), d- Baptist &
Fink (1992)

Size and life-history (Allometric relationships)

In the past decades, allometric laws have been wspdedict important life history
parameters of mammals. It has been argued thass@#tes main life history variables
of mammals and that it can be used to determinetgas time, birth rate, age at first
reproduction, intrinsic rate of natural increasad dife span (Western, 1979). A
growing body of literature shows that size has beead to predict population
parameters such as life span (Sacher in Westei#®) 18 productive rate (Fenchel,
1974) and growth rate (Millar, 1977). These studiesintuitive and provide baseline
information on these parameters; however they gelittle information useful for
population projection studies. Predicting populatiparameters using body size
relative to physiological and biochemical processeEsnammals gives generalised
results about the species. Such estimation doedaket into account the role of
environmental variables and their influences onutetpon parameters. Thus, by
themselves, they are not likely to be useful whaenapting population dynamics
studies. Additionally, this method can not be usedredict the vital rates for a
specific species population such as the mortality survival rates nor scales these
parameters into age-class structure. Neverthetegae parameters though general,
are useful for a species population survival at@mg point in time, namely birth rate,

gestation time and life span (Table 4.5).

Table 4.5: Life history parameters of target anisni@om around the species range

st

Species Birth rate Gestation age 1 life span references
% per year (days) Reproduction  (years)

T.gazelle 59 191 15 11 12,3

Impala 36 191-200 15-1.9 13 14,5

Zebra 22 363 3 26 15,6,7

Wildebeest 25 234 2.5 17-20 1

References 1-7 respectively, (Coet al, 1976; Dasmann & Mossman, 1962; Klingel, 1969;theld,
1972; Petersen & Casebeer, 1972; Robinette & Ard##1; Spinage, 1972)

Species population profiles from time-specific Hifbles have been importantly
recognized and used in the field of biology. Howevseing mostly derived from

serendipitously collected skulls and age-spec#iastis sightings, e.g. Spinage (1972)

65



(Spinage, 1972) they can hardly give the actual stgucture of population. The
chance-encounter collection method relied on resaolb small samples as most of
the skulls are missed out due to dissociation effegtive search efforts. Moreover,
constructing life-tables is difficult due to obligay assumptions which have to be
fulfilled (Gaillard et al, 1998). The life-table technique assumes a statyoage

distribution and equal probability of sampling fail individuals. Unless these
restrictive assumptions are met, survival estimaes unreliable (Caughley in
Gaillardet al, 1998). Additionally, in real field environmentblgse strict assumptions
are unlikely to be met in any population of wildmraals (Menkens & Boyce, 1993).
Even if the assumptions were met, life-table meshdd not generally provide any
measure of variability in survival rates (SpinagE)72). Nevertheless, crude
information from life-tables can prove useful iretAbsence of any surrogate data.

Chapter summary

In this chapter | collated data on the life histgggrameters for zebra, impala,
Thomson’s gazelle and wildebeest from across tfaiges in sub-Saharan Africa.
These data will be used as surrogates for the Gaeapopulations in the population

viability models (see Chapter 6).
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5. DENSITY OF WILDLIFE POPULATIONS OUTSIDE
TARANGIRE NATIONAL PARK, TANZANIA

Introduction

Understanding the trend of a wildlife populatioratshe forefront of its conservation.
In ecosystems constrained by complex and both metiestic and stochastic
influences a regular monitoring of population chesgs required. Reliable and
accurate estimates of population size are crugrah$sessing impacts of management

practices on the species population dynamics, astarigers.

The Masailand, a Game controlled area outside cdfigare National Park harbours
substantial resident and migrant species of ganmads This area is also home to a
human population and its associated activitiesaA®nsequence of these increasing
human settlements, the wildlife habitats have cwed to shrink. Hunting of the
animals and destruction of important migratory imws is high and requires
management intervention. It has been pointed cait riiany similar areas over the
country are experiencing declines of wildlife (Catal, 1998). Thus any attempt to
halt these declines should first address the stdtsgecies in the area. In this study, |
determine the abundance of game animals; z@hyaus burchelliiMatschie), impala
(Aepyceros melampuBlatschig, wildebeest(Connochaetes taurinu§homas) and
Thomson’s gazelldGazella thomsoniiGlnthej. These animals form a significant
proportion of wildlife biomass in the area (Kahumaga, 1981) and are the most

hunted of the game species.

Survey of the Masailand ungulate population wasiggoed by Lamprey (1964) and
later studied by Kahurananga (1981) and has subs#gleen done by the Tanzania
Wildlife Conservation Monitoring (TWCM) unit. Muchof the previous work

concentrated on the Simanjiro plains (part of Masal) because of the plains’
importance as the wet season refuge and calvingngrdor the Tarangire park
immigrants. These surveys mostly use aerial cerfSystematic Reconnaissance
Flight) methods which have been amply developed @fied (Norton-Griffiths,

1978) and are suitable for surveying ungulatesuinout the East African savannah.

Aerial survey is advantageous because it covergla area in a relatively short time.

69



The downside of aerial census however, is an igahib see and count small,
medium size, or cryptic antelopes and it is limifedspecies living under vegetation
(Dunbar, 1990; Komers, 1996). For example, theee ray records of Thomson’s
gazelle population data in the recent aerial coulotse by TWCM in the area, a
probable consequence of this method. Furthermsraggal counting can miss some
objects on the grounds there is a potential forrauigely estimating the population
density of animals. Therefore under such circunt&snground survey methods are
needed for species that can not be counted fromaithend for potentially increasing

the accuracy of aerial data.

Ground survey methods such as strip transect aadl counts have been attempted
for wildlife population estimates elsewhere (Cet®99a; Estest al, 2006; Gasaway
et al, 1996; Munthali & Banda, 1992). They provide ireicof abundance and spatial
distribution of wildlife in reserves hence form aasis for evidence-based
management. However, because these methods use etriixed width in which
animals are exclusively counted, the potential dstimating the overall population
size imprecisely is high. Consequently the dataegwed are limited in the use,
especially when attempting population projectiomdsts which demand more
accurate data. In this paper | used the distano®lgag method (Bucklanctt al,
2001) to estimate the number of each species irm§im plains, Tanzania, a study
area of 570 kr

Methods

Survey design

Distance sampling (Bucklaret al, 2001) requires that critical assumptions be met i
the field for accurate density estimation. Thesaiagtions include: 1. all animals on

the line be detected and counted (i.e. detectiowction for a line equals 1); 2. no

animal movement in response to observers prioeteation; and 3. all measurements
are recorded accuratelpata collection was carried out during January Beldruary

2008, at start of the wet season when visibility \waod.

The design of the survey and subsequent layoutaokécts took into account the
distribution of human activities such as farmslagés, and hunting camps present in

the area. This design also ensured that a maximem reeeded to be surveyed was
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adequately covered. | used a map of the area tdifigeand randomly distribute a

total of 21 transect lines in the area. The traisse®re 10 km long except for six
transects which measured from 2-9 km due to lim#dedessibility to some of the

selected transects by vehicle (Fig. 2). Transeetewat approximate equal intervals to
avoid overlapping and double counting of the angmekcept when limited by

physical barriers and human activities. The tat@hgect length was 196.2 km long.
Starting points for the survey transects were rarigahosen and its GPS coordinate
point was recorded.

A four-wheel drive vehicle was driven along eadmsgect with one recorder seated
inside and an observer standing above the veldhen target animals were seen, the
vehicle was stopped and | recorded the number iofiads encountered (herd size),
the distance to the animals (sighting distange, and the sighting angld);j which
was the angle subtended between the line of t@wetlthe animal or herd (Buckland
et al, 2001). | used a GPS (Garmin 60) to mark the doatds of the location of
sighting of the animals and kept tracks of all guents from the start to the end of
each transect. A Bushnell range finder accuratertaximum distance of 1500m was
used to measure the sighting distance and a haddcbenpass bearing for angle
measurement. The range finder had built-in highgred binoculars which facilitated
counting of distant animals. Total transect lengts taken from a vehicle odometer

after every 10 km drive on transects unless otremsiated.

The measurement of angles was done for solitanpaeiand for the groups (herd).
When animals were seen in a group, the central @nivas taken as a reference for
angle measurement. | regarded individuals or graspseparate when they were >30
m apart from others. This distance was appropgaten the uneven distribution of

animals on the plains. From the parameters abbeepérpendicular distancg)(was

calculated asp = y; sin@) (Bucklandet al, 2001).This perpendicular distance was

used to model the detection function for the lramsect.
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Figure 2. Location of Simanijiro study site showdigtribution of transects (beaded
lines) in the area.

Data processing and analysis

Prior to the analysis, data exploration and prangssas done by testing out whether
the critical assumptions for this method were nmethe field. | plotted frequency
histograms and scatter plots for all the specietadce data to investigate the
presence of evasive movements which violates thtgcair assumption 2 above
(Bucklandet al, 2001). In this phase, data heaping and outlfaxtprs that reduce
the precision of model fit were checked. There waundiers only for impala. The
impala’s distance data were initially right-trure@dtto eliminate outliers and a
suitable transect width was used for model fittiRigure 3 shows different shapes of

the detection function for each species’ distarata.d
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Figure 3. Observed frequency histogram of trundatikstance data for zebra,
impala, Thomson'’s gazelle and wildebeest.

Data were analysed using DISTANCE-vers. 5.0 Reléasgrogramme software
(Thomaset al, 2008). Different detection models with seriesuatinent terms were
used for analysis and compared to determine thienbedel suitable for each species
data. Three detection functions (half-normal fumctivith cosine/hermite polynomial
adjustment, hazard-rate function with cosine/simptdynomial adjustment and a
uniform function with cosine/simple polynomial adgjment) (Bucklandet al, 2001)
were initially used and compared their performan&edsequent truncation of all the
species data were carried out at specified distam@sed on the shapes of the
detection functions (see Fig. 3). Right truncatiovexe done at 300m, 100m, and
300m and 300m for the zebra, impala, Thomson’s Iggaaed wildebeest distance
data respectively, to determine how the truncatidluences the density estimates
(Table 5.0). The model best fitting the data wdscted by comparing the relative fit
of these functions using the Akaike’s Informationté&ion (AIC) values (Bucklaneét

al., 2001). The best density estimator was one withramum AIC.
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Table 5.0: Model performance and selection stasstfor the zebra, impala,
Thomson’s gazelle and wildebeest distance data isigoglensity estimates. A robust
model is indicated with an asterisk @)= Goodness of fit test.

Model(key/adjustment) AlIC Density CV (%) p-value oo
Zebra

300m-truc+hazard rate/cosine  1201.79* 19.69 37.6 0.14
Hazard-rate/cosine 1569.73 20.34 37.6 0.12
Hazard-rate/simple polynomial 1569.73 20.34 37.6 0.12
Uniform/cosine 1571.59 22.76 39.2 0.1
Half-normal/cosine 1572.85 23.88 42.3 0.07
Half-normal/hermite 1574.04 23.21 39.9 0.08
Uniform+ simple polynomial 1574.81 25.24 38.1 0.06
Impala

100m-trunc+uniform/cosine 193.42* 7.96 30.7 0.91
300m trunc+hn/cosine 379.68 8.07 30.7 0.65
300m trunc+hn/hermite 379.68 8.07 30.7 0.65
300m trunc+hr/simple polyn. 379.97 8.68 35.9 0.7
300m trunc+hr/cosine 379.97 8.68 35.9 0.7
Hazard-rate/cosine 403.48 8.59 32.7 0.11
Half-normal/cosine 406.29 8.62 29.5 0.08
Half-normal/hermite 407.78 6.97 27.7 0.16
Uniform/cosine 415.87 4,72 26.7 0
Uniform/simple polynomial 429.47 3.66 26.7 0
Thomson's gazelle

300m-trunc+uniform +cosine 285.19* 2.45 35.1 0.35
Uniform/cosine 389.59 2.19 34.4 0.07
Uniform/simple polynomial 389.59 2.19 34.4 0.07
Half-normal/cosine 390.33 2.79 42.6 0.09
Half-normal/hermite 390.33 2.79 42.6 0.09
Hazard-rate/cosine 392.13 2.74 42.9 0.06
Hazard-rate/simple polynomial 392.13 2.74 24.9 0.06
Wildebeest

300m-trunc+uniform/cosine 673.05* 9.12 51.4 25
Hazard-rate/cosine 797.17 8.92 54.6 01
Hazard-rate/simple polynomial  797.17 8.92 54.6 01
Uniform/cosine 798.08 9.17 55.6 02
Uniform/simple polynomial 798.08 9.17 55.6 02
Half-normal/cosine 798.08 9.17 55.6 02
Half-normal/Hermite 798.08 9.17 55.6 02

For each species | estimated: (1) the encounter (rimber of herds per square
kilometre with standard errors); (2) expected @usize; (3) density of cluster; and
(4) the overall density and abundance of the wWédh the area. The model used for
the final analysis was the uniform and hazard-tegg functions. These models
showed improved density estimates for most of gfeeies data (Table 5.0).
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Results

Density of animals in the area

The density estimates varies across the four spewwh the zebra population
showing the highest density (19.69/Rnthan wildebeest (9.12/Kdh and impala
(7.96/knf). Thomson's gazelle appears to be the lowest damiseal in the area (2.45
km?). The different models tried for each of the spsdistance data, the fitted model
functions and selection of the best and robust isoide each species are shown in
Table 5.0. According to Akaike’'s Information Criten (AIC), two model key
functions; a hazard rate and uniform keys appetrdd the zebra data equally well.
The hazard rate key model was used in final arabsiit is a relatively robust model
over the uniform (Bucklandet al 2001). A uniform key model with cosine
adjustments best fitted the impala and Thomson’'zelgga distance data after
truncation p=0.91 andp= 0.35 respectively). On a truncated data, theoumifkey
function also was selected as the model that fittezl wildebeest grouped data

(p=0.25). The density and abundance of the four spearie shown in Table 5.1.

Table 5.1: Density and abundance of wildlife spean the study area

Species Density (+S.E) Abundance 95%Confidence int  erval
LCL UCL

Zebra 19.69+7.39 11223 5158 24218

Wildebeest 9.12+4.68 5199 1842 14672

Thomson's gazelle 2.45+0.86 1398 687 2843

Impala 7.96+2.45 4534 2461 8354

Mean cluster size of the animals

The mean herd size for each species observed iaréaeis shown in Table 5.2. The
Thomson’s gazelle was observed in smaller group #ian the impala, wildebeest
and zebra. The number of animals encountered mér sguare kilometre traversed,
also differed across the four species. Zebra shawechighest encounter rate than
impala and Thomson’s gazelle. The encounter ratevilWebeest was twice that of
the Thomson’s gazelle (Table 5.2). There was nasagient made for biases on the

cluster size of the species distance data.
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Table 5.2: Estimated mean herd size, encounter (aerds/ krf) and density of
cluster with standard errors based on the final lggs after truncation.

Number of Mean herd Density of Encounter

Species herds size cluster rate

Zebra 105 13.28+1.11 1.48+0.54  0.89%0.05

Wildebeest 59 10.20 £1.79 0.89+0.43  0.54+0.05

Thomson's gazelle 25 7.24+1.31 0.34+0.10  0.20+0.02

Impala 21 12.67+2.66 0.63+0.14  0.13+0.03
Discussion

Zebra population

The density of zebra in the area was higher tharofieer species. This is perhaps
because of its widely spatial distribution resytifrom temporally shifting of its
range following the rain fall. This species exhiaiseasonal migration between the
adjacent Tarangire National Park and nearby afeaserally wild herbivores (zebra
and wildebeest) use the Simanijiro plains as clitiet season dispersal range during
the calving season (Lamprey, 1964). Zebra areallstiabsent in this area during the
mid to late dry seasons. The widespread distribudiccounts for the high number of

herds counted over each kilometre traversed.

The estimated density (19.69/Rmwas influenced by the sample size and the
effective strip width. Like, wildebeest and Thomsorihe effective strip width were
relatively larger for zebra (300 mitres). Detectimobability also contributed to the
estimated high density zebra. The conspicuousHres® @ebra skin and its relatively
large body size probably increased its detectgbditen at far distances and thus
minimised the effects of vegetation obscurity. Tapparent effects of these
parameters overall, are probably reflected in thdeweffective strip-width and the

large number of herds observed for this species.

The density of zebra reported in this study is miaaly different from other previous
estimates done via aerial censuses in this ardagba3). Lamprey (1964) used aerial
strip count through southern Masailand, includiragt pf Simanjiro and obtained a
wet season dispersal density of one animal pér Kmo decades later, Kahurananga

76



(1981) published a density of 10.96 zebra pef knthe Simanijiro plains using aerial
strip sampling. Since then there have been sewemaihts attempted using aerial

survey and results are summarised in Table 5.3.

Compared to the important grassland areas of BastAthe estimated population of
zebra is higher than 17.28/ krand 8.0/ krhzebra for the Ngorongoro Crater and
Serengeti-Mara ecosystem respectively (Egtesal, 2006; Osborne, 2000). It is
however, lower compared to 30-45zebra/km Athi-Kapiti in Kenya (Prinset al,
2000). In the Masai-Mara and Koiyaki reserves,zZlgra population was estimated at
a density of 5.04 and 40.76/krduring the wet(April) and dry(November) months
respectively (Ogutet al, 2006). This gives an overall abundance highem tfahe
present study. The vegetation structure in the Mdsaa is about the same as that of
the Simanjiro area and vast plains is characteristi both cases. Despite these
similarities, however, the Masai-Mara zebra popaofatwhich transcends into the
Serengeti is enormously large and alone could axtcfmw the differences between
these studies.

Other studies of the savannah ungulates elsewlnewfrica provide comparable
results. In Etosha national park Namibia, receaingl zebra population was estimated
at 3700 animals (Gasaway al, 1996). Unfortunately this population has conthue
to decline following persistent droughts in theioeg Zebra is the lowest species in
number(n=517) in Nyika N. Park, Malawi (MunthaliBanda, 1992).

Table 5.3: Population estimates of wildlife in tBemanjiro plains from previous
studies conducted using aerial census techniquesomparison with the present
study.Data sources: * Kahurananga (1981), ** (TAWIRI, #98 2001) T present
study.

Species 1970* 1971* 1972* 1994 ** 2001** 20081
Zebra 1787+ 274 2747 +250 2698 £553 7787+ 2054 6073 £3896 11223+ 4216
Wildebeest 977+ 194 2146 £385 2873 +478 6976+1863 41892754 5199 +2670
T.gazelle 19459 193 + 53 162 £ 61 - --- 1398 + 491
Impala 164484 105 +43 275 +106 1298 + 304 1546 £ 549 4534 £1393
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Wildebeest Population

Wildebeest have the largest population second twazelike other species the

abundance of wildebeest is due to the varianceblerherd size, encounter rate and
effective strip width over which the species wasirdied. These parameters were
larger for the wildebeest than for the impala ahdmson’s gazelle but lower than for

the zebra. Wildebeest exhibit similar distributjpetttern and were observed in similar

grazing range with zebra.

The estimated 5199 (9.12/kRywildebeest in the present study is relativelyikinto
5000 (7.44/krf) wildebeest previously published (Kahurananga,1}96r the area.
This density is also similar to 9.5 wildebeest pguare kilometre in the Athi-Kapiti
plains with similar ecological habitat in the eastdasailand, Kenya (Talbot &
Talbot, 1963). The estimated density reported ieh®wever, lower than the density
(52.0/knf) of wildebeest in the Serengeti-Mara ecosystenb¢@e, 2000).The Athi-
Kapiti wildebeest population is similar to that®inanjiro because they all share the
range with other herbivores species and with damésestock. In the Masai-Mara
reserve Kenya, a survey conducted during the wetase as the present study did
result in similar estimates (Ogutet al, 2006). A total of 5109 wildebeest were
estimated in the area. About 2600 wildebeest haes beported availably present in
Etosha N. Park (Gasaway al, 1996).

Impala and Thomson’s gazelle populations

The population of these species were generallyrdlan of the zebra and wildebeest
in the area. The low densities are probably attaible to their patchy distribution. As
opposed to the wildebeest and zebra, both impalarfanmson’s gazelle are resident
species of the area. The Thomson's gazelle’ raadeghly localised only found in
the central and southern plains of the study afée. population of these species
might have been influenced by the human pressardisei area due to their habitats
being degraded by farming. The encounter rate Wwassa equal for both impala and
Thomson’s gazelle. However, the Mean herd sizetlier Thomson’s gazelle was
almost half that of impala. This is probably duehe territorial behaviour of impala

that warrants living in large closed groups.
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The density of these species was also influencedffiggtive strip width which was
surprisingly larger for the Thomson’s gazelle tHanall other species investigated.
This perhaps was due to the gazelle’s coloratiorchvincreased the skin contrast
against the background vegetation. The relativetaler body size of the gazelle
might have influenced its overall abundance neghtivHowever, because this
species prefer and live mostly in open plains, ¢ffect of its body size on its

detectability was probably negligible.

The present densities of impala and Thomson’s gaeelduced are far higher than
were reported in the previous studies. Kahunan@BI1(l reported a density of
0.33/knf and 0.28/krh for the Thomson’s gazelle and impala respectivélye
differences between his estimates and the presestrmay be due to the difference in
the methods employed and may reflect improved awaten efforts in the area. In
the Serengeti-Mara ecosystem, Thomson’s gazelleeg@®ated at 17.6 animals per
square kilometre (Osborne, 2000) higher than tlesemnt density in the Simanjiro
plains. Generally the population of Thomson's glezednd impala have been
declining in major parts of their range due to @asing human pressures on their
habitats.

Caveats

In this study | identify the following factors witicwere critical to reaching the

precision of the density estimates sought.

1. Species grouping behaviour: For the zebra, Thonssgazelle and wildebeest
forming large and loose groups extending over gelalistance is a characteristic
in the Simanjiro plains and elsewhere. With thisnmnd it was difficult to
establish the geometric centre of the groups andasoit hard to count them and
measure the sighting distances with maximum acgutdowever, great care was
taken to minimize bias that may have resulted froaccurately recording of the
necessary variables.

2. Species timidity: All the species investigated behaviourally tame. However,
long- time hunting in this area has probably caubedh to learn to fear human
beings in the area. Despite this, there is noteswdd from distance data (Fig. 3)

that animals moved away from transects prior todpeietected and counted.
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3. Attaining large sample size for modelling the detet functions was difficult.
Buckland et al. (2001) recommend a sample sizet déast 60-80 objects for
modelling detection functions for a line transdébr rare species such as the
Thomson’s gazelle and naturally occurring groupetinals such as zebra and
wildebeest that form loose agglomerations, fultfdli this need could be a
daunting task. This could have caused some bigbeestimates reported here.
Equally the same would be for species that exlsb#sonal migration between

different range areas like the zebra and wildebeest

During data collection for this study | increasethpling efforts to minimize the bias

that would have resulted from this factor.

Chapter summary

Appropriate management of wildlife requires acoeipulation size and distribution
data. | used Distance sampling method to estinete@lénsity and abundance of four
wild ungulate species; zebra, wildebeest, impald ahomson’s gazelle in the
Simanjiro area, Tanzania. The uniform and hazatel kays were used to model the
detection functions for each species data. Reslitsv that zebra is the most
abundant animal (19.69/KSE 7.39) followed by wildebeest (9.12/&nSE 4.68)
and impala (7.95/kf SE 2.45). Thomson's gazelle is the least abunitatite area
(2.45/knf, SE 0.86). The high number of zebra is attribats its seasonal
migratory behaviour from other areas into the Simarplains during the study
period. Resident species such as impala and Thosmgazelle are few perhaps
because of increased human activities in the ddéstance sampling method is
recommended for use in subsequent regular mongtarirwildlife population by the

authorities in order to track changes of wildlifgoplation in the area.
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6. MODELLING THE IMPACT OF HUNTING ON SPECIES
POPULATION VIABILITY

Introduction

Population viability analysis (PVA) is a tool fossessing the viability of populations
under different demographic scenarios. It is uguadinducted as simulation models
used to make quantitative predictions about popmurasize over time and the
likelihood of extinction and examines effectivenesk alternative management
options (Beissinger & Westphal, 1998; Boyce, 1992rmontelet al, 1997). PVA
models attempt to predict viability based on derapfic data (such as censuses,
mark-recapture studies, surveys and observatisapsbduction and dispersal events,
presence/absence data) and habitat data (AkcakeBjagien-Gulve, 2000; Broo&t
al., 2000; Haiget al, 1993).

The VORTEX computer simulation model (Lacy, 1998xriMonte Carlo simulation
of the effects of deterministic forces, as well de@mographic, environmental and
genetic stochastic events, on populations. Therpmgallows input of actual life
history parameters; reproductive rates, age clastaiity rates, initial population size
and carrying capacity as well as variations (phas@dard deviations) in estimates of
breeding, carrying capacity and mortality ratescepmal. External factors likely to
impede population growth can also be modelled (digease and other natural
phenomena) as catastrophes. The program also peogjations for assessing human
related impacts on populations such as harvestind, can be specified across the

various age class of the population being modelled.

Based on the input variables the program randorhBnges the variables within a
specified time limit and predicts the persistenceextinction risks within the time
frame specified. After simulations, the output susmynshows the probability of
persistence, or if extinction, the number of popales that went extinct with the
mean time to first extinction. Mean final populatisize at the end of simulation time
with standard deviations, deterministic and stotbg®pulation growth rates are also
stated. The program also allows testing of differemodel parameters used to
envisage most sensitive population parameters i{séys test). Here different

management options available can be tested by ialjpwariations in demographic
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parameter inputs to evaluate those options (La@90R Typical examples of the use
of program-VORTEX to examine the impacts of humartivdies and natural
phenomena are, Heinsoleh al (2004) and Marmontedt al (1997) who quantified
the effects of hunting and human activities on chggoDugong dugonpand the
Florida manatee Tfichechus manatus latirostjispopulations respectively, and
predicted severe decline for both species. Moreespdead, however, is the use of
population viability analysis for evaluating viabyl of small populations under
threatened or fragmented habitats e.g. léaig. (1993)

My interest centres on species in Tanzania whiemzanaged for exploitation. These
species, which often provide both social and ecooobenefits to the human
populations, need careful management strategiensare their long-term survival.
The wildebeest and zebra are plentiful and areogbeol through hunting both legally
and illegally. Together with the impala and Thonisayazelle, they face increasing
pressures from offtake and habitat fragmentatiorhiloypans in the Tarangire region
(Bolgeret al, 2008; Newmark, 1996). The goal of this study waswvestigate how
the hunting will affect viability of wildlife popuwaltions in Tarangire. Therefore | used
the program-VORTEX version 9.93 to examine the @1 impacts of hunting on
the populations of impala, zebra, Thomson’s gazeild wildebeest outside Tarangire

National Park, Tanzania.

| constructed models to examine:

1. The dynamics of the four species populations inafigire areawithout
harvest using demographic data and vital rates obtair@d the area or if not
available from other parts of eastern Africa.

2. The dynamics of the populations under the same deapbic and vital rates
but under the effects of legal and illegal hunting.

3. The most sensitive demographic parameters likelyflaence the dynamics

of the animal populations in the area.

Methods
Sources of data
The data used in the models include informatiomeyaid directly from the field as

well as data retrieved from published literaturbeTnitial population sizes are those
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derived from field estimations as described in Ghap and from the estimation of
the illegal and legal kill (Chapter 3&2, (Table &6low). For consistency, the legal
hunting data used in the models was the averagiereé years of legal hunt not the
five year data as collected from the field. Thibéxause the illegal hunting data was

estimated over a three year period only.

Table 6.0: Mean population sizes (x standard esjoand species
harvests for the Tarangire hunting area which wased in the models

Species lllegal hunt Legal hunt  Population size
Zebra 188 23 11223+ 4216
Wildebeest 178 93 5199 + 2670
Thomson's gazelle 197 57 1398 + 491
Impala 226 75 4534 +1393

In the absence of life history parameters for theaiigire ungulate populations, | used
data published for these species from other arisasvieere in Africa as outlined in
Chapter 4. | considered three reasons in selethiesge vital rates: (i) similarities in
plant phenology, (ii) local climatic conditions inéalls) and (iii) existing land-use
types to suggest what these parameters would bEafangire. As shown in Chapter
4, the life history parameters were collected fraiffierent populations across sub-
Saharan Africa, but only a few areas closely matdih Tarangire. The Serengeti
ecosystem is similar to Tarangire both in plantrahbegy and local climates and vast
plains are characteristic in all ecosystems (Lam@t864). In terms of land-use, they
are all protected as national parks and are inlaingcological regions receiving
similar annual rainfalls of 855mm and 721mm for édgeti and Tarangire
respectively, (Grange & Duncan, 2006). In the ewehére data were not available
from northern Tanzania, nearby areas e.g. Athi-Kgbains in Kenya were used as
they have somewhat similar vegetation structurdb@a& Talbot, 1963). Where
these data were not available from these regionsedl any available data from other

areas across the species’ ranges.
Although the populations of my principal specied arangire and Serengeti National

Parks might behave differently owing to the diffeze in predation potential, there is

still no consensus on the impact of predatorshensurvival rates of zebra foals in
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Serengeti (Granget al, 2004; Sinclair & Norton-Griffiths, 1982). It apges also that
the wildebeest and Thomson'’s gazelle populatiorfSerengeti are regulated by food
supply rather than predators (Dubk al, 1990; Mdumaet al, 1999; Sinclair &
Norton-Griffiths, 1982). In Laikipia District (Kera) where predators are not
abundant rainfall influences the abundance of zéBergiadiset al, 2003). Thus, |
assumed that predation effects on populations merfgeti and Tarangire national
parks are not different. In the absence of datanortality of wildebeest and zebra, |
used the survival data for these species from §ete(Grangeet al, 2004) to derive
the age mortality rates for the Tarangire popurafideinsohret al, 2004). Fecundity
data for zebra and wildebeest were derived fromdhai& given by Grange et al.

(2004) and were used as surrogates for the Tampgpulations.

Model Construction
Zebra PVA
The life history parameters used for the zebra risoale shown in Table 6.1.

Table 6.1: The ranges for the life history paréene of zebra as
recorded in literature, and the values used in n®dethis study.

Parameter Range/value Values used
Age at first reproduction for males (yr) 3.0-4.0 4

Age at first reproduction for females (yr) 3.0-4.0 3

Mating system polygynous polygynous
Number of young 1 1
Fecundity rate 0.68-0.88 0.7,0.8
Sex ratio of young (M/F) 0.5 0.5

Annual mortality (first year) 0.19-0.3 0.19
Annual mortality (yearling) 0.15 0.15
Annual mortality (2 year old) 0.02 0.02
Annual mortality(3-5 year olds) 0.05 0.05
Annual mortality (6-10 year olds) 0.13 0.13
Annual mortality (adults) 0.23 0.23
Maximum age (yr) 20-30 22

| constructed fourteen models simulating the paputadynamics of zebra under
different scenarios. The first model which allowealharvest used all values as listed
in Table 6.1 and assumed the female fecundity t@atbe 80% (see Grangs al

2004). In this and all other scenarios the popotatmodel assumed a stable
distribution of age class, because no data ardaieion the age structure of the

Tarangire ungulates. However, the available dathcate that fecundity for the
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Serengeti zebra is constant at age classes fotdenabove five years old (Grange

al., 2004), perhaps supporting the assumption of ldestge distribution as females
start dropping their first foals when at age 3 geathen reduced the female breeding
to 70% (Model 2) and increased the mortality acadbage classes by 10% (Models

3, 4) to test their effects on the population dyitam

In subsequent models (Models 5-14), hunting wa®dutced into the model under
varying female breeding and mortality rates as a&rpd above. In these models,
hunting was first set at 2% initial population s{ze. 211 zebra from illegal and legal
hunt) under 80% and 70% female breeding rates (Mo8g 6). | increased the
mortality by 10% across all age classes and kepstaat all other parameters as in
previous models to test the effect of mortality @ts 7, 8). In models 9 and 10, |
assumed the hunting level to be double the cumnaetand modelled the population
under the two levels of female breeding and antewi@il 10% mortality across all
age classes as above. This simulated an increasemand for zebra by both legal
and illegal hunters in the area. | then modellad gopulation by factoring out the
10% mortality used in previous models (Models, Q) tb see how the population
dynamics responds (Models 11, 12). In the last nsoféodels 13, 14), | examined
the impacts of hunting by tripling the current hogtrate under the two levels of
female breeding rates. In these models | usedainttiortality rates with mortality

increase as in previous models.

Variability in all life history parameters was s#t5% of initial levels throughout all
simulations. This is an arbitrary setting in orderintroduce some variability into
model simulations as most estimates of vital pataregChapter 4) do not provide
variability estimates, and | have no idea of anruaalability in vital parameters(see
later discussion) in the Tarangire ecosystem. Eurtthere are no estimates of
carrying capacity for any of the Tarangire speciésr this species the carrying
capacity was set at twice its initial populatioresiThe population was thus modelled
under density independence and the initial poputatize was set at the assessed field
value of 11223 zebra. All the simulations excludedastrophes, as there are no
documented accounts of this occurring in Tarangitedels also excluded inbreeding

depression. | assumed the sex ratio at birth tarti®rm (50%), even though field
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data show adult sex ratio is biased towards fem@ergiadiset al, 2003). All

simulations were run over 100 years and for 10@titens each.

Wildebeest PVA
Table 6.2 shows the data used in all the wildelb&rsilations.

Table 6.2: The ranges for the life history parséene of wildebeest as
recorded in literature, and the values used in n®dethis study.

Parameter Range/value Values used
Age at first reproduction for males (yr) 3.0-4.0 4

Age at first reproduction for females (yr) 2.0-3.0 2

Mating system polygynous polygynous
Number of young 1 1
Fecundity rate 0.37-0.95 0.7,0.8

Sex ratio of young (M/F) 0.5 0.5

Annual mortality (first year) 0.16 - 0.25 0.21
Annual mortality (yearling) 0.11 0.11
Annual mortality (2 year old) 0.13 0.13
Annual mortality(3-5 year olds) 0.11 0.11
Annual mortality (6-10 year olds) 0.21-0.28 0.21
Annual mortality (adults) 0.22 - 0.37 0.22
Maximum age (yr) 20 18

All procedures for constructing the wildebeest mModere the same as described for
zebra except that for this species, the mortal@jues at age class one and two
(yearlings) in Table 6.2 were increased by 20%.sTiki because calf survival in
Tarangire is approximately 20% lower than in theeSgeti wildebeest [(Lamprey
(1962) in Talbot & Talbot (1993)]. Similar to theowtel for zebra, additional
mortality (10%) was imposed across all age classesxplore its impact on the
dynamics of wildebeest population. Hunting wast fast at the assessed Kill (i.e. 271
wildebeest from legal and illegal hunt, Models 3,8), then was increased by 50% to
a total harvest of 407 wildebeest per year (Mo8els0,11,12; Table 6.6). In the last
two models, hunting was doubled (i.e. 542 wildebéasvested per year) to test its
impacts on the dynamics of the wildebeest populafModels, 13, 14). The initial
population size used for this model was 5199 wigsksh as estimated from the field
(Table 6.0).

Thomson’s gazelle PVA
All data used in constructing the Thomson'’s gazeltelel are shown in Table 6.3.
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Table 6.3: The ranges for the life history paraenge of Thomson’s gazelle as
recorded in literature and the values used in msdelhis study.

Parameter Range/value  Values used
Age at first reproduction for males (yr) 2 2

Age at first reproduction for females (yr) 1 1

Mating system polygynous polygynous
Number of young 1 1
Fecundity rate 0.9 0.9,0.8
Sex ratio of young (M/F) 0.5 0.5

Annual mortality (first year) 0.45-0.7 0.45
Annual mortality (yearling) unknown 0.15
Annual mortality (3 year old) unknown 0.05
Annual mortality(4-year olds) unknown 0.05
Annual mortality (adults) 0.22 0.22
Maximum age (yr) 10.5- 12 10

The females of Thomson’s gazelle are capable ading twice annually (Robinette
& Archer, 1971). In the absence of data on therdiy for this species, | used a
breeding rate of 90% as documented for dorcas lga@zella dorcas(Yom-Tov et
al., 1995). The fecundity rate was also lowered to 0% modelling purposes as
described in the zebra model. | also used mortaléthues of 0.15 and 0.05 for
yearling and age 3-4 year olds as observed in enfl#glrman & Jarman, 1973) for a
similar reason. An increased mortality (by 10%) waposed on initial mortality

rates in Table 6.3 to examine its impacts on pdjmuialynamics.

Similar procedures to that described for zebra wesed in constructing fourteen
models for the Thomson’s gazelle population. Howgfge this species, in models 9-
14 inclusive, hunting was varied in a decreasirdeoof magnitude - 6%, 4% and 2%
of the current population size instead of the 18&sent hunting rate used in previous
models 5 - 8. This simulated hunting options likidysustain this species in the area.
The initial population size used was 1399 Thomsaazgelles (Table 6.0) and the

carrying capacity was set at twice this numbengsévious models.

Impala PVA

| constructed a density- independent model chaiastg the impala population

dynamics using mortality and fecundity data showiable 6.4 below.
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Table 6.4. The ranges for the life history paréeng of impala as recorded in
literature and the values used in models in thislgt

Parameter Range/value Values used
Age at first reproduction for males (yr) 2 5

Age at first reproduction for females (yr) 2 2

Mating system polygynous polygynous
Number of young 1 1
Fecundity rate 0.7-0.9 0.7,0.8
Sex ratio of young (M/F) 0.5 0.5

Annual mortality (first year) 0.4 0.4

Annual mortality (2 year old) 0.1-0.2 0.1

Annual mortality(3 year olds) 0.05 0.05
Annual mortality (4-5 year olds) 0.03 0.05
Annual mortality (6-8 year olds) 0.05 0.25
Annual mortality (adults) 0.2-0.6 0.25
Maximum age (yr) 13 11

Fecundity is considered to be 70% and 90% in tist &éind later years respectively
(Ginsberg & Milner-Gulland, 1994). Males were assdnto start breeding at age five
with only 30% of them participating in the breedipgpcess (Jarman, 1979; Jarman
& Jarman, 1973). Thus my model assumed a maximu@®%&f fecundity on average
for all females and an alternative fecundity of 7@& in other species models.
Yearling males (1-3 years olds) experience twicehih mortality than females
(Dasmann & Mossman, 1962; Jarman & Jarman, 1903)n she model input, the

mortality of males at this age class was doubledhtemales.

Using same procedure as described for zebra, 1l fouiitteen models for impala and
with a 10% increase in the mortality values acrasage classes as in previous
models. Hunting was examined using similar procedas for Thomson's gazelle,
where it was set at 6%, 4%, and 2% of populatiae sinder models 8-14 inclusive.

The initial population size for the impala modelswb34 animals.

Results

Dynamics of animal populations undemo harvest
In the absence of harvest the simulated populatéradl four species would survive

for 100 years under models 1-4 inclusive (Tabléa-@). The mean population sizes
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for all these species would stabilise undeoauntingregime and would remain just

below the carrying capacity but above the initi@pplation sizes for all the species.

Table 6.5a: Vortex simulation models for zebra papon under different hunting
scenarios showing the population growth (r = SDiolgability of extinction, mean
extinction time and mean final population (zSD). #Bemale breeding rate, M=
mortality

Mean Probability Mean Mean final

population of extinction  population
Model Description change (r) extinction time (yr) size
1 no hunt, 0.8 FB 0.083 £ 0.058 0 - 22204 £1093
2 no hunt, 0.7 FB 0.064 + 0.058 0 - 22069 + 1157
3 no hunt, 0.8 FB,+10%M 0.068 + 0.059 0 - 22337 + 943
4 no hunt, 0.7 FB,+10%M 0.048 + 0.059 0 - 21729 + 1151
5 hunt=211, 0.8 FB 0.076 £ 0.059 0 - 22235 + 984
6 hunt=211, 0.7 FB 0.057 £ 0.059 0 - 22011 £ 1244
7 hunt=211, 0.8FB,+10%M 0.061 + 0.059 0 - 22056 + 1121
8 hunt=211,0.7 FB,+10%M  0.039 + 0.059 0 - 21668 + 1240
9 hunt=422, 0.8 FB 0.068 + 0.059 0 - 22061 £ 1162
10 hunt=422, 0.7 FB 0.046 + 0.059 0 - 21764 £ 1156
11 hunt=422,0.8 FB,+10%M 0.050 * 0.060 0 - 21878 + 1329
12 hunt=422,0.7 FB,+10%M 0.030 £ 0.061 0.01 72.0 20623 £ 2715
13 hunt=633,0.8 FB,+10%M 0.039 + 0.062 0.01 36.0 21145 + 2513
14 hunt=633,0.7 FB,+10%M -0.008+ 0.095 0.56 48.2 8764 + 10258

Effects of hunting on population viability

The introduction of harvest into the model systepwmilted in considerable changes
of mean population sizes of all the species (Mo#&els! inclusive, Tables Gasd).
Under initial harvest levels (Table 6.0), only thebra population appears to be
resilient and able to survive for 100 years witk thean population size hovering
around the carrying capacity (Models 5,6,7,8; Tablea). One of the simulated
wildebeest populations went extinct (after 26 yeargler the current hunting rate of
approximately 5% of the initial population size (M@ 8, Table 6.5b). By contrast,
both Thomson’s gazelle and impala populations gtagyunder their current hunting
rates. The present level of harvest of Thomsoreekgis 18%, and under this regime
7% of its simulated populations went extinct. Wheeriurther 10% mortality was
imposed, all simulated populations went extincyvapidly (mean time to extinction
9.3 years; Models 5,6,7,8; Table 6.5 Similarly, 6% of the simulated impala
populations went extinct under the present huntegime of 6% of population size

(model 5; Table 64 and, alarmingly, a small reduction in female kiieg rate
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(from 80% to 70%) resulted in 76% of the simulampulations crashing. The
addition of a further 10% mortality resulted inalopopulation collapse (models 7,8;
Table 6.5I).

When the harvest levels were changed to simulaieaease or decrease in offtake
for these species, their populations respondeeréiftly. Species for which hunting
was simulated to increase above the present offieddera and wildebeest), 1% and
4% of these populations went extinct (in mean tinoés72.0 and 22.0 years
respectively; models 9-12 ; Tables & For species whose levels of offtake were
decreased showed mixed results. The survival ofTtiemson’s gazelle population
was generally high and only 2% of its simulated yafjons went extinct when the
hunting rate was reduced to 6% its initial popwolatsize (models 9-12 inclusive
Table 6.5c). However, the populations of impald déclined to extinction when the
hunting rates were reduced to 4.6% its initial eatrpopulation size (models 9-12

inclusive; Table 6.6).

The population of all species changed considenaiily a further increase or decrease
in the levels of offtake. The zebra population donb longer sustain any harvest if
the offtake is tripled (to 5.6% its population 9iz&p to 56% of the simulated zebra
populations went extinct under this level of hugt(models 13, 14; Table &p The
probability of extinction was highPE0.85) for wildebeest when the hunting rate is
doubled, about 10.4% its population size (models1#3 Table 6,6). Decreasing of
harvest to 2% would significantly improve the pstasnce of the Thomson’'s gazelle
populations (models 13, 14; Table €.50n the other hand, even if the offtake of
impala was reduced to approximately 2% of its papoih size, 60% of the simulated

populations went extinct.
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Table 6.5b: Vortex simulation models for wildelbepgpulation under different
hunting scenarios showing the population growtk @D), probability of extinction,
mean extinction time and mean final population (}SBB= female breeding rate,

M= mortality
Mean Probability = Mean Mean final
population of extinction  population
Model Description change (r) extinction time (yr) size
1 no hunt, 0.8 FB 0.095 +0.062 0 - 10301 +536
2 no hunt, 0.7 FB 0.071 £ 0.063 0 - 10260 + 498
3 no hunt, 0.8 FB,+10%M 0.076 £ 0.064 0 - 10212 + 554
4 no hunt, 0.7 FB,+10%M 0.053 £ 0.065 0 - 10037 £ 544
5 hunt=271, 0.8 FB 0.078 £ 0.063 0 - 10267 + 566
6 hunt=271, 0.7 FB 0.054 +0.064 0 - 10110 £ 539
7 hunt=271, 0.8FB,+10%M  0.059 + 0.065 0 - 10137 £570
8 hunt=271,0.7 FB,+10%M  0.034 + 0.066 0.01 26.0 9833 £ 1193
9 hunt=407, 0.8 FB 0.070 £ 0.065 0 - 10247 £ 531
10 hunt=407, 0.7 FB 0.043 £ 0.068 0.04 22.0 9551 + 2080
11 hunt=407,0.8 FB,+10%M  0.050 + 0.067 0 - 10049 + 687
12 hunt=407,0.7 FB,+10%M 0.015 £ 0.082 0.34 244 6456 + 4741
13 hunt=542,0.8 FB,+10%M 0.034 £ 0.081 0.27 14.0 7143 + 4406
14 hunt=542,0.7 FB,+10%M  -0.029+ 0.122 0.85 16.1 1369+ 3355
Table 6.5c: Vortex simulation models for Thomsogéazelle population under

different hunting scenarios showing the populatgzowth (r £ SD), probability of
extinction, mean extinction time and mean final apon (#SD). FB= female
breeding rate, M= mortality

Mean Probability = Mean Mean final

population of extinction  population
Model Description change (r) extinction time (yr) size
1 no hunt, 0.9 FB 0.156 £ 0.073 0 - 2803 £ 138
2 no hunt, 0.8 FB 0.118 £ 0.073 0 - 2779 £ 140
3 no hunt, 0.9 FB,+10%M 0.115+0.075 0 - 2757 £149
4 no hunt, 0.8 FB,+10%M 0.080 £ 0.075 0 - 2770 £139
5 hunt=254, 0.9 FB 0.091 £ 0.085 0.07 121 2556 £ 718
6 hunt=254, 0.8 FB 0.030+0.101 0.68 15.0 864 + 1269
7 hunt=254,0.9FB,+10%M  0.031 +0.100 0.64 13.9 965 + 1299
8 hunt=254,0.8 FB,+10%M -0.124+0.108 1.00 9.3 0
9 hunt=84, 0.9 FB,+10%M  0.088 +0.078 0 - 2739 £ 165
10 hunt=84, 0.8 FB,+10%M  0.050 + 0.080 0.02 49.5 2604 + 446
11 hunt=56,0.9 FB,+10%M 0.099 £ 0.077 0 - 2775 £152
12 hunt=56,0.8 FB,+10%M 0.062 £ 0.078 0 - 2725 +£192
13 hunt=28,0.9 FB,+10%M 0.106 £ 0.077 0 - 2770 £129
14 hunt=28,0.8 FB,+10%M 0.072+ 0.076 0 - 2725+ 165
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Table 6.5d: Vortex simulation models for the impala populationder different
hunting scenarios showing the population growtk @D), probability of extinction,
mean extinction time and mean final population (}SBB= female breeding rate,

M= mortality
Mean Probability = Mean Mean final
population of extinction  population
Model  Description change (r) extinction time (yr) size
1 no hunt, 0.8 FB 0.061 £ 0.062 0 - 8888 + 483
2 no hunt, 0.7 FB 0.036 £ 0.061 0 - 8635 + 491
3 no hunt, 0.8 FB,+10%M 0.038 £ 0.065 0 - 8705+ 621
4 no hunt, 0.7 FB,+10%M 0.013 £ 0.064 0 - 7770+ 1188
5 hunt=301, 0.8 FB 0.034 £ 0.069 0.06 34.8 8123 +£2158
6 hunt=301, 0.7 FB -0.029 £0.118 0.76 35.9 1706 + 3206
7 hunt=301,0.8FB,+10%M  -0.027 +0.130 0.75 36.5 1896 + 3400
8 hunt=301,0.7 FB,+10%M  -0.108 £+ 0.154  1.00 9.3 0
9 hunt=208, 0.8 FB,+10%M 0.038 £ 0.065 0.01 72.0 8699 + 1046
10 hunt=208, 0.7 FB,+10%M -0.038 £0.167 0.69 49.7 1947 + 3188
11 hunt=208,0.8 FB,+10%M  -0.011+0.133  0.45 57.4 4169 + 4026
12 hunt=208,0.7 FB,+10%M  -0.124 £0.257 1.00 32.0 0
13 hunt=104,0.8 FB,+10%M  0.1027 +0.065 O - 8498 + 639
14 hunt=104,0.7 FB,+10%M  -0.033+ 0.137 0.60 67.3 1911+ 2816

Effects of varying mortality and fecundity rates onpopulation dynamics

The simulated populations of all species appeavebet strongly influenced by the
fecundity and mortality rates used. In almost species, the 10% variation in
fecundity and mortality rates had little effentthe absence of harve@nodels 1,2;
Tables 6.8-d) The mean final population sizes for these modelsreased by 0.6,
0.4, 0.9 and 2.8% from model one to model two lher zebra, wildebeest, Thomson’s
gazelle and impala respectively. Further, under ghme hunting regime (Models
3&4, Tables 6.8-d) an increase in mortality by 10% across all the atpsses
produced similar effects on the population sizesthwfse species except for the

wildebeest.

Sensitivity test

| examined the effects of the variability assodateith the vital parameters
(fecundity and mortality rates). In the absencefiefd data indicating annual
variability in fecundity and mortality estimatesh&d arbitrarily set this at 5%, an
admittedly small figure. | introduced a range ofgb values into the models for one
species, wildebeest, as an example. These vasgatiere set at 2.5, 5, 10, and 15% of
the initial fecundity and mortality rates to testvhthe dynamics of this population

responds. The population of wildebeest did not geaimder the lower (2.5 and 5%)
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levels of these variations and the population sexito the last year of simulation
(Table 6.6). The probability of survival decreasedrkedly at higher levels (i.e. 10-
15%). Increases of calf and yearling (2year oldsitaiity rates by 10, 20 and 30% on
initial levels did not affect the rate of survival the wildebeest population (Table
6.6). However, the mortality affected growth ral@(bda) of this population which
decreased with every increase of the mortalitysrdte= 1.072, 1.064 and 1.053

respectively) making this population more suscégptib extinction.

Table 6.6: Sensitivity of survival rates to incsea of mortality (calf and yearling)

and variation of mortality and fecundity rates. CMalf mortality

Mean Mean Mean final
population Probability extinction population

Model Description change (r) of extinction time (yr) size
No hunt, 2.5%

1 variation 0.096 +0.031 0 - 10367 £ 275
No hunt, 5%

2 variation 0.094 +0.063 0 - 10271 + 488
No hunt, 10%

3 variation 0.091 +0.129 0 9656 + 1362
No hunt, 15%

4 variation 0.074 £0.211 0.01 57 8115 + 2619
hunt =271, 2.5%

5 variation 0.080 +£0.033 0 - 10389 + 241
hunt = 271, 5%

6 variation 0.079 £ 0.064 0 - 10343 £ 551
hunt = 271,10%

7 variation 0.078 £ 0.069 0.03 15 9271 £ 2240
hunt = 271, 15%

8 variation 0.040 +0.233 0.4 52 4407 + 4267
hunt = 90, 2.5%

9 variation 0.088 £0.032 0 - 10419 £ 269
hunt = 90, 5%

10 variation 0.087 £0.062 0 - 10237 £ 473
hunt = 90,10%

11 variation 0.078 £0.133 0 - 9250 + 1272
hunt = 90, 15%

12 variation 0.057 £0.215 0.07 72 7411 + 3537

13 No hunt, +10% CM  0.086 + 0.063 0 - 10324 + 327

14 No hunt, +20% CM  0.077 + 0.064 0 - 10307 £ 319

15 No hunt, +30% CM  0.069 *+ 0.064 0 - 10234 + 336

Discussion

The simulation models suggest that the impala dmmBon’s gazelle are susceptible
to present levels of harvest and are at great risksevere decline. Even for
wildebeest and zebra, whose simulated populatippsaed to withstand the present

levels of hunting, severe population declines woaddur if harvesting is increased
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above their current levels. If these models arenear correct, then the impala and
Thomson’s gazelle populations will decline towasddinction within a relatively
short time (15 years). These results confirm thggestions by Caret al. (1998b)
that hunting is causing the decline of these speani¢he Tarangire hunting zone.

llegal and legal hunting has been implicated assitey declines of mammal
populations in several Tanzanian National Parks sumdounding areas. Poaching
severely reduced the population of buffayiicerus caff¢r in northern Serengeti
(Sinclair, 1995) and trophy hunting has been ssiggeto be the cause of declining
wildlife populations across large parts of Tanzaf@aro et al, 199&). Although
legal hunting is (meant to be) highly selective &dult males, in the presence of high
offtake by citizens and illegal hunters, this s®gt may be flawed. Without
supervision and with opportunistic poaching, bo#les and female would be hunted.
This would increase total offtake and directly reeluhe number of animals in the

area.

Selective hunting as a way of sustaining the bregdiotential of exploitable
populations is still debated. Selective huntingadillt males has caused retarded
female conception and reproductive collapse in Saigtelopes (Milner-Gullandt
al., 2003; Milner-Gullandet al, 2001). Disproportionate hunting of prime males of
sable antelope in northern Zimbabwe was also stegés have been responsible for
the reduced survivorship of young due to extendetuption period and for causing
a population decline (Fergusson, 1990 in Ginsberdvigner-Gulland, 1994 In
impala population Ginsberg & Milner-Gulland (1994) also reported ustainable

hunting resulted due to selecting adult males.

Furthermore, the term ‘adult male’ seems ambiguesizecially during the actual

hunting process in the field. Due to the difficuitiyageing animals in the field, active
prime males would almost certainly be killed. Thmuld result in retarded female
conception and young survival and it is not cleletier, and at what level, this may
apply in the Tarangire hunted populations. But ingntmodels strongly suggest that

the manipulation of sex ratio occurring in huntegpplations could lead to reduced
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fecundity and high probability of population coltap(Ginsberg & Milner-Gulland,
1994; Gruvelet al, 1984).

Model Caveats
This is the first and initial attempt to characterithe dynamics of the Tarangire

populations under best and worst cases possible.

In the absence of life history parameters for ttegamgire populations, it seems
inappropriate to attempt any studies modelling pefipan dynamics. While this may
be true, however, Boyce (1992) made a point tha simould do the best with
whatever limited information available to servesitened species.

Therefore the analyses presented here are undetpbynseveral assumptions:

0] Life history parameters of the four study populasidrom other areas are
the same, or similar, to those at Tarangire. As dissumption may at times
be flawed due to extreme variations in local caodg between regions,
however | chose to use parameters documented fopulgtions that are
situated close to Tarangire National Park to mieerthis effect. Further,
in the simulation models | allowed variation of rhesnsitive life history
parameters, fecundity and mortality rates undertwhzonsidered to be
‘best’ and ‘worst’ case scenarios. For all specrexiels, fecundity was
first assumed maximum by using highest fecunditg cbserved in other
areas, and alternative models were built assumiogvered breeding rate.
Mortality was also modelled by using alternative rtality rates and |
assume the Tarangire population will be somewheti@mthese range of
mortality and fecundity used in the simulations.the event that even
optimistic models show a high probability of exting, it is certain that
hunting is having negative impacts on the poputati(Heinsohret al,
2004). The simulated models of impala and Thomsgazelle indicate
that these species are not faring well under ewennhost optimistic
scenarios (Tables, &5l), suggesting strongly that the current harvest of

these species is unsustainable.

(i) The population simulations assumed the absenceatafsttophes in all

species populations in the Tarangire area. Cafdss have additive
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(i)

(iv)

effects on the dynamics of populations through rdétg population
growth and thus reducing their long-term viabilfijoung, 1994). There
have been no documented accounts of catastrophasyimf my study
populations although impala at nearby Lake Manydéational Park have
suffered an anthrax outbreak in the 1980s thatcediuheir population
severely (Prins & Weyerhaeuser, 1987). However,Yasing (1994)
reviews, starvation (drought) has been a major tcains of herbivores
populations in many tropical arid regions, and Tla@angire populations
may not be exceptional. There are occasional extréraught conditions
occurring in the study area (pers.observation, pO@&t their impacts on

the wildlife populations are known.

The models assumed a uniform variability associatgd key parameter
inputs of fecundity, mortality and carrying capgcitset this variability at
a low 5%, probably too low considering the impachoman populations
on the wildlife habitats in the area. There haverbeisruptions of wildlife
migratory corridors connecting Tarangire Park atid@ent dispersal areas
due to expansion of agricultural fields that havereased to six times that
used in 1940s (Gamassa, 1995; Mwalyosi, 1991). Asorsequence,
between 1988 and 2001, the population of wildebaast other species
declined by 88% in the Tarangire ecosystem (TAWIRIQ1). While the
impacts of habitat loss on fecundity and mortatdayes are still unclear,
when | increased the variability of the vital paeters in the simulated
populations the decline in wildebeest populatioras wubstantial (Table
6.6).

The models do not include density dependence nathey incorporate
genetics. Environmental variation and density-depege are important
limiting factors on the juvenile survival and agefiest reproduction of
large mammal herbivores (Gaillaed al, 2000). Weather and density tend
to first affect the juvenile survival and fecundity young females and
often influences population growth rates (Gaillatdal, 2000). At high
density, adult survival also influences growth gfapulation (Alboret al,

2000). Thus in hunted populations, there are rigsksompromising adult
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survival hence potentially limiting population grhwrate of the harvested

population.

Although this study borrows life history data (Vitates) from other populations, it
provides useful information that highlights the remt and future likely condition of
the Tarangire wildlife. The underlying assumptiook these models cannot be
evaluated unless deliberate efforts are made taurdent these parameters at
Tarangire. The results therefore, are a warninpeéomanagers of reserves that these

species may not be safe from extinction under ptdsgels of hunting.

Implications for conservation and sustainable harvst in Tarangire

The results of this study highlight the need fomediate policy to regulate hunting of

impala and Thomson’s gazelle populations in theaiigire area. According to the

simulated populations, these species appear ut@mblestain present levels of harvest
without experiencing severe declines leading toupedmn collapse. As poachers and
legal hunters continue to remove these animalg, thake these populations ever
more susceptible to extinction. Additionally, imgaont wildlife habitat continues to be

lost through conversion to agricultural lands (EBwolgt al, 2008; Gamassa, 1995;

Mwalyosi, 1992). The fate of these animal populaic equivocal!

The current harvest levels of 5% and 18% for impatd Thomson’s gazelle are
unsustainable and need to be reduced to avoid igky of losing these species.
According to the simulation models these specieslaversist to 100 years and
beyond when the harvest is stopped or levels kelptinb2% and at 4% of population
sizes of impala and Thomson’s gazelle respectii@gduction of total harvest of
wildebeest and zebra is also recommended. Howesducing the harvest levels
alone will not serve these species for longer tinestead, efforts should be made to
greatly reduce habitat loss for these species. eftwer policies pertinent to land
ownership and agriculture should be reviewed tduohe measures targeted at
retaining wildlife habitats. It is only when thessues are effectively addressed that

conservation prospects of the wildlife can be seali

Poaching appears to remove large numbers of animeay times more than the

legal harvest. While it will be difficult to compkly remove poaching given that
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poachers do not identify themselves it is essemtiatombat this problem. Even
complete cessation of legal hunting will not lovilee offtake to the level that these
populations might be able to sustain. However, agdterm education plan,
enforcement of protection rules, and community mement in conservation of
wildlife should prove fruitful especially in thosgeas that are not formerly protected
as national parks. Policy shift in favour of prdieg the wildlife on such lands needs

more emphasis.

Accurate population data for harvested specieeqsired to detect changes of these
populations over time. As the available data (nyostim aerial surveys) are for few
areas and mostly national parks and few reservee mork is needed to increase
documentation of the population size of these gseclfhese data need to be
complemented by ground surveys in all wildlife-riafeas. One way to do this is for
wildlife managers to actively be involved in coungiof these animals for their

reserves.

Practical application of VORTEX for managing Tarangire wildlife populations
VORTEX is recommended as a tool for managing haedewildlife populations in
the Tarangire region in Tanzania. Although impart@ata for developing VORTEX
models for these populations are not availables thould not prevent wildlife
managers from using this tool for managing thesenals. Initial models could be
built using surrogate data, as | have done. Bytcocting a VORTEX model for each
species, it would help managers and researcharsfidenmediate information needs
and prioritise research. Data collection would corg that are aimed at informing a
VORTEX model for a particular species, e.g. impal&uch models would be

improved incrementally as more data become availabl

This study has identified that the simulated popotes of these species are most
sensitive to fecundity and natural mortality raéesoss all age class and to the annual
variability associated with them. The lessons #ratborne out from these models are
that, wildlife managers and researchers who arporesble for these animals in
Tarangire and elsewhere in Tanzania should be awfatbe importance of these

parameters and the urgency of measuring theseraitd in the field.
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To ensure effective implementation of the manageneénthese animals through
VORTEX- models, it is important that this goal befided and incorporated in the
general management plan (GMP) documents of ea@bnadpark and game reserve.
Thereafter routine collection of data would be rezktb inform these models. For any
species model developed for such purpose wouldireetjoe following for effective
management of these species.

1. Collating data on species vital parameters (fedyrathd mortality rates) most
likely to influence the dynamics of these populasioHowever, because clear
understanding and documentation of these variabtedd require qualified
biologists and longer time of field research, iturdikely that this work could
be done by the wildlife managers and park wardémsea Alternative ways
of approaching this would be to give reserve marsaged national park
wardens and ecologists little training on how tondwct proper field
population census surveys. Ground surveys are neosinmended and are
easier to do especially for species that are ditfito count from the air. This
work should be defined on a to-do list of wardegiegl and should be done
twice or at least once annually. This would proffeative and ensure long-
term documentation of population size of the angmalthese reserves. The
presence of a long-term population data would lgculate some of the
parameters required to inform VORTEX managementeisod

2. Accurately recording of number of animals killed lynting. There appears
to be ineffective documentation of the animalsekilin most reserves. Close
supervision of resident hunting is needed as this lbeen identified to be
lacking proper documentation and the accurate nurmmbeanimals killed
under this category is not known. Equally importenillegal offtake from
these reserves. Most management decisions ignage either due to
difficulties in quantifying it or because they aswml its impact is less
important. As this study indicates, illegal huntisgequally important as legal
offtake in terms of its impacts on the populatiamesof these species.
Reliable methods should be employed to quantifysthe of illegal offtake in
order to inform VORTEX-management models.

3. Accurately recoding age and condition of the aninidled by legal hunters.
Hunting of ‘adult males’ is a lose term and potelhyi risks killing of prime
males. Studies (Ginsberg & Milner-Gulland, 1994;uar et al, 1984;

100



Milner-Gulland et al, 2003) have shown how the hunting of prime males
increases susceptibility of a population to repatie collapse. Therefore to
ensure accurate data of the animals killed, supersiand observers involved
in the hunting process need training on how to etely age the animals and
collect these data in the field. This would helgorm the management
models with great accuracy.

4. Recording and documenting the number of animalsglynder natural death
such as diseases and starvation would also impitevedata needed for a

particular species management model.

To efficiently apply VORTEX-model as a tool for naging these species needs
commitment and financial investment for the goveentras well as reserve managers
and park wardens. One way would be to start wighTtarangire population as a pilot
project study and later carry on with other areash& tool become more familiar to
many personnel. It is only when there is clear wstdading of the variables most
driving the dynamics of these populations thatal#é and effective management
decisions can be made that will ensure long-termigtence of the exploited wildlife

population in Tanzania.

Chapter summary

| examined the long-term impacts of continued hstrvaf four ungulate species
available in the Tarangire hunting area using gat® vital life history data, mostly
from nearby Serengeti National Park, TanzaniaedWORTEX to construct models
to characterise the dynamics of these populationiema range of hunting regimes.
The model results suggest that the present levédarding of impala and Thomson’s
gazelle are unsustainable. While hunting of themeiss is kept at 2% and 6% of
current population sizes respectively, the impald &homson’s gazelle populations
will slowly decline towards extinction. The popudats of wildebeest and zebra show
greater resilience under most model scenarios.aZpérsistence remains high under
the current hunting rate of approximately 2% itspydation size. However, its
population will start declining if the offtake e)ads this rate. Under the present 5%
harvest regime, wildebeest will also decline iff gabrtality exceeds 20% the present
assumed rates. Lower harvest rate for all spedeadvisable and VORTEX is

recommended for use as a tool for managing thengamexploited populations.

101



References

Akcakaya, H.R., & Sjogren-Gulve, P. (2000). Popuolatviability analyses in
conservation planning: an overvielacological Bulletins, 489-21.

Albon, S.D.,Coulson, T.N.,Brown, D.,Guinness, FPEmberton, J.M.et al. (2000).
Temporal changes in key factors and key age granflsencing the
population dynamics of female red dedournal of Animal Ecology, §6),
1099-1110.

Beissinger, S.R., & Westphal, M.l. (1998). On thse wf demographic models of
population viability in endangered species managgme€he Journal of
Wildlife Management, §3), 821-841.

Bolger, D.T.,Newmark, W.D.,Morrison, T.A., & DoaR.F. (2008). The need for
integrative approaches to understand and consenggatory ungulates.
Ecology Letters, 1(1), 63-77.

Boyce, M.S. (1992). Population viability analysfénnual Review of Ecology and
Systematics, Z3), 481-497.

Brook, B.W.,0'Grady, J.J.,Chapman, A.P.,BurgmanA.Mkcakaya, H.R. et al.
(2000). Predictive accuracy of population viabilapalysis in conservation
biology. Nature, 404 385-387.

Caro, T.M.,Pelkey, N.,Borner, M.,Severre, E.L.Mngbell, K.L.I, et al. (199&).
The impact of tourist hunting on large mammals ianZania: an initial
assessmenafrican Journal of Ecology, 38), 321-346.

Dasmann, R.F., & Mossman, A.S. (1962). Populatiowlies of impala in southern
RhodesiaJournal of Mammalogy, 43), 375-395.

Dublin, H.T.,Sinclair, A.R.E.,Boutin, S.,AndersoRB,,Jago, M. et al. (1990). Does
competition regulate ungulate populations? Furthedence from Serengeti,
TanzaniaOecologia, 822), 283-288.

Gaillard, J.-M.,Festa-Bianchet, M.,Yoccoz, N.G.dam, A., & Toigo, C. (2000).
Temporal variation in fitness components and pdpradynamics of large
herbivoresAnnual Review of Ecology and Systematic§]1 3B67-393.

Gamassa, D.G.M. (1995). Blockade of wildlife migwat corridors by agricultural
development in northern Tanzania. Integrating people and wildlife for a
sustainable future (eds. Bissonette, J.A. & Krausman, P.R.). The Wedl
Society, Bethesda, pp. 609-613.

Georgiadis, N.,Hack, M., & Turpin, K. (2003). Thefluence of rainfall on zebra
population dynamics: implications for manageméitte Journal of Applied
Ecology, 401), 125-136.

Ginsberg, J.R., & Milner-Gulland, E.J. (1994). Seased harvesting and population
dynamics in ungulates: implications for conservat@and sustainable use.
Conservation Biology, (&), 157-166.

Grange, S., & Duncan, P. (2006). Bottom-up and doypn processes in African
ungulate communities: resources and predation gacon the relative
abundance of zebra and grazing bovietsography, 2@), 899-907.

Grange, S.,Duncan, P.,Galillard, J.-M.,Sinclair, £R5ogan, P.J.Pet al. (2004).
What limits the Serengeti zebra populati@écologia, 14(B), 523-532.
Gruver, B.J.,Guynn, D.C., Jr., & Jacobson, H.A.84)0 Simulated effects of harvest
strategy on reproduction in white-tailed dedhe Journal of Wildlife

Management, 48), 535-541.

102



Haig, S.M.,Belthoff, J.R., & Allen, D.H. (1993). polation viability analysis for a
small population of red-cockaded woodpeckers and esmluation of
enhancement strategi€donservation Biology,(2), 289-301.

Heinsohn, R.,Lacy, R.C.,Lindenmayer, D.B.,Marsh,KMian, D, et al. (2004).
Unsustainable harvest of dugongs in Torres Strait @ape York (Australia)
waters: two case studies using population viabilapalysis. Animal
Conservation, @), 417-425.

Jarman, M.V. (1979)mpala social behaviour : territory, hierarchy, nivag, and the
use of spaceBerlin; Hamburg: Parey.

Jarman, P.J., & Jarman, M.V. (1973). Social behayipopulation structure and
reproductive potential in impala&frican Journal of Ecology, 13-4), 329-
338.

Lacy, R.C. (1993). VORTEX: a computer simulationdabfor population viability
analysisWildlife Research, 4Q), 45-65.

Lacy, R.C. (2000). Structure of the VORTEX simuatimodel for population
viability analysis Ecological Bulletins, 48191-203.

Lamprey, H.F. (1964). Estimation of the large marhd®asities, biomass and energy
exchange in the Tarangire game reserve and thei gt&ggpe in Tanganyika.
African Journal of Ecology,(2), 1-46.

Marmontel, M.,Humphrey, S.R., & O'Shea, T.J. (19%9pulation viability analysis
of the Florida manateeT(ichechus manatus latirost)is 1976 -1991.
Conservation Biology, 12), 467-481.

Mduma, S.A.R.,Sinclair, A.R.E., & Hilborn, R. (199%00d regulates the Serengeti
wildebeest: a 40-year recortburnal of Animal Ecology, §8), 1101-1122.

Milner-Gulland, E.J.,Bukreeva, O.M.,Coulson, T.,hokekina, A.A.,Kholodova,
M.V., et al. (2003). Conservation: reproductive collapse ing@aantelope
haremsNature, 422 135-135.

Milner-Gulland, E.J.,Kholodova, M.,Bekenov, A.B.JBeeva, O.,Grachev, Yet al.
(2001). Dramatic declines in saiga antelope pomratOryx, 3%4), 340-345.

Mwalyosi, R.B.B. (1991). Population growth, carnyircapacity and sustainable
development in south-west MasailandJournal of Environmental
Management, 32), 175-187.

Mwalyosi, R.B.B. (1992). Land-use changes and nesodegradation in south-west
Masailand, Tanzani&nvironmental Conservation, (B, 145-152.

Newmark, W.D. (1996). Insularization of Tanzaniarls and the local extinction of
large mammalsConservation Biology, 16), 1549-1556.

Prins, H.H.T., & Weyerhaeuser, F.J. (1987). Epidmsmin populations of wild
ruminants: anthrax and impala, rinderpest and hufia Lake Manyara
National Park, Tanzani@ikos, 491), 28-38.

Robinette, W.L., & Archer, A.L. (1971). Notes oneatgg criteria and reproduction of
Thomson'’s gazelléAfrican Journal of Ecology,(2), 83-98.

Sinclair, A.R.E. (1995). Population limitation afsident herbivores. Ir8erengeti Il:
dynamics, management, and conservation of an demsydEds A.R.E.
Sinclaire and P. Arcese).University of Chicago Bré&hicago.

Sinclair, A.R.E., & Norton-Griffiths, M. (1982). s competition or facilitation
regulate migrant ungulate populations in the SeeBRAA test of hypotheses.
Oecologia, 583), 364-369.

Talbot, L.M., & Talbot, M.H. (1963). The wildebeest western Masailand, East
Africa. Wildlife Monographgl2), 3-88.

103



TAWIRI. (2001). Tanzania Wildlife Research InstgutAerial wildlife census in
Tarangire ecosystemirusha, Tanzania.

Yom-Tov, Y.,Mendelssohn, H., & Groves, C.P. (199Gazella dorcasMammalian
species, 4911 - 6.

Young, T.P. (1994). Natural die-offs of large mansnaimplications for
conservationConservation Biology, (&), 410-418.

104



