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/ Abstract

[ )

Ecological and production relau'onships .were“explored on an experimental- gam'é"ranch
in Kenya. The goals of Wildlife Rancﬁjng and Research Ltd. (WRR) are to demonstrate the
" environmental and economic wisdom of land-use systems based on commercial consumptive use
\l

of native ungulates

s

¢
A harvest technology emphasmng night- hglmng of free rangmg wildlife and on-Ranch

processing of carcasses proved ef f ective. Followmg govemmem mspecuon carcasses were sold
to a strong domestic mark®t. Dressing percentage, carcass shrink, body composition and '
external measurenients were quantified to estirnate potential revenue and determine the effects
of a cropping program on morphometncs Favorable growth in ungulate populauons
(12%/yr), despite an annual harvest of 40% was attributed toa game proof fence preventmg ~
‘ ernigratxon reduced eattle numbers predator control and a skew.ed sex tauo favoring females,
Resource av@abﬂxtyand utilization studies identified occupauonal patterns of native
ungulates Topographxc relief and seasonal rainfall emerged as pnmary determmants of ¢
resource use largely through their affects on forage quality and quantity, although ungulate
"mobility and thermoregufatlon may have been important. Distinctive resource use patterns of
Thomson's gazelle, Grant's gazelle, Coke's hartebeest and wildebeest ensured a level of
ecolngicel separation and encouraged belanced utilization of forages.
Prescnbed burns improved rangeland quahty in valleys for grazers by removing

&

moribund vegetatlon and dlscouragmg tree growth. High ungulate densmes were recorded on
all topographic levels Br recently burned areas. presumably in response toa unif orm's‘ward of
rapxdly growmg grasses. |

Although comprising a small propomon of WRR, rangeland proxxmal to hvestock
enclosures (bomas)-sxgnxf icantly affected distribution of native ungulates. Enriched by excreta,
these biophys’icelly distinct areas were characterized‘ by increased grass productivity, utilizetion
and quality. Relocation of bomas could be used by management to attract herbivores to. |

underutilized rangelands.

iv
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’

Body condition of gazellcs measured by perinephric fat, fluctuatcd seasonally in
response to forage quality. Drssxmrlar occupanonal pa,t,tems of Thomson's and Gram s gazelle
account‘ed'for their non-synchronic changes in body fat. Knowledge of weight gain and

) attritipn would allow hnwestoxnt;o concentrate on species with most favorable carcass
characteristics. ‘ R ) | |

Compansons of morphometric measurements mdxcated thar territorial male gazelles
were older, heaviér and possessed longer horns than bachelgr conspecif ics. Selecuve harvest of
males on WRR has reduced competition among males for breeding females. 'I'o nrmrmxze
inbyeeding, a maximal sex ratio ‘Hnrit should be recognized and males from surrounding
rangelands should ‘be periodically mtroduced mto the resrdcnt populauon

- Asa management strategy, fenced game ranching appeared practical and economic
under current conditions. However, the high capital investment required by this production
systern may preclude its de'velopment‘ in otner semi-arid regions. Another system of cropping

wildlife is propdsed as a practical and cost-effective alternative.
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Chapter 1

Introduction ’ ,

1.1 Environmental Dllemma
Food production in Af rica has become a f ocal issue, The severe pllght of such Sahelian
_countries as Ethiopia, Sudan and Chad has only recently exposed the magmtude of thrs problem
to western civilizations. High temperatures and insufficient rainfall preclude cereal crops from .
most of the continent's 32 rhilli_on km? of rangeland, requiring food systems which emph‘asize
- mieat production from domestic uhgulates. Cattle, sheep and goat, vlrhich evolved in southwest
A}sia and were dornesticated between 6,000 - 8,000 year b.p. (Mason, 1984), first appeared in
sub-Sahara’n_'Africa appproximately 1200 years ago (Epstein and Mason, 1984). To ensure the
survival and productivity of domestic‘species inhabiting unfavourable environments, extensive_
human provisioning has been requrred ‘Common practices/facilities include inoculations
. agmnst disease, shelters .acaracides, water boreholes and the removal of competrng wild
herbrvores and selected predators
The 1mpact Of hvestock on semi- and ecosystems has led to their xmplrcatron in
envrronmental changes of contmental proportions. The mtroductlon of rrnderpest by cattle in
“the 1880's led to a pandemrc die-off among Africa's ungulates, thh mortalities in excess of 90
percent reported f or such specres as wildebeest, buffalo and cattle (Sinclair, 1977). Pastoral
' ‘and nomadrc people” such as the Masai, whose lrvehhood and spiritual welfare revolve around
cattle were decimated in numbers and distribution. Periodic eprzootlcs continued until the
” early 1960's, when wrdespread 1mmumzatron of cattle eff ectlvely prevented re-infection of
: wrldhf e. The greatest 1mped1ment to further cattle expansxon in Africa is their susceptlblllty to
trypanosormasrs a drsease transmitted by the tsetse fly. Unsuccessful attempts to control
| trypanosomiasis, whrch does not af fect rnost mdrgenous ungulates, have resulted in the
B eradrcanon of wrldrf e and tsetse habitat over vagt 2 afeas. Dasmann (1964) reported that 700,000

. wrld ammals were killed in southern Rhodesra alone i m a futile ef fort to eliminate the "fly
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Although unquantified, 'mil'lions of Africa’s wild herbivores are undoubtedly killed each );ear to
reduce competition for water and forage with cattle. Not all deaths can be attributed to
| shooting; the modification of plant eornmunities to benefit cattle has drastically reduced the
amount of habitat available to wildlife. | | .

A consensus exists among rangeland ecologists that abusive live_stock grazing systems
are impairing', if not destroying. the stability and productivity of Africa’s grasslands. The
impact of this man-induced process, when viewed over decades, tnay dwarf the episodes of
rmderpest and the tsetse control programmes. The process of desertxflcatlon has been identified -
by United Nations (UNCOD 1977) as the magor threat to the world's arid and semi-arid a
rangelands. Vast areas that once supported healthy, though fragile plant communities have
detenotated sufficiently to be unsuitable for wildlife, livestock or people. According to some
estimates (Brown, 1974), deeertif ication is responsible for the southward expansion of 9t;he
Sahara by 45 km each' year, The him.pact of drought on desettif ication cannot be overstated.
Yet, by inducing such trends as reduced herbaceous cover, accelerated eroston, extensive
tracking and exhausted wate’f supplies, livestock have been a major COntributot to the problem
(Glantz, 1977).

Neyv and enlightened approaches to food production aredneeded to ensure the sur;lival
of Attrica's developing countries. Land use managers must examine the ecolpgical and
econoImic consequences of traditional ljvestock practices. A bmgeonfng human populationand '
decaying resource base will eoon demand such a re-evaluation. This is not to deny the
tmportance of the liyestock mdustry to Africa's future. Indeed, cattle are deeply rooted in the

religious and social framework of many tnbes and will per51st for this reason alone. Rather

land managers are challenged to recognize the limitations of conventional hvestock, and to -

encourage herds only in those areas where environmental quality can be maintained. In arid
settings, new resolirce-compatible technologies must be developed. Without healthy
rangelands; unscarred by erosion, overutilization and reduced ‘herbaceous cover, comparisons of

. X ol

alternative landuse systems become merely an academic exercise.



1.2 New Apprdaches to Meat Production

'Recent‘ly, agencies such as the International Union for the Conservation of Nature:
(IUCN), United Nations Environmental l;rogramme (UNEP) and World Wildlife Fund
(WWF) have focused considerable attention on a global consefvation strategy which
emphasizes appropriate technologies and sustainable utilization of natural resources. Consistent
with these objectives is the evaluation of "wild" ungulates as possible f oundations for new meat
industries in Africa. This view originated inthe 1950's with such European and American
biologists as WH Pearsall, FF Dérling. H. Matthews and E.B. Worthington (Dasmann,
1964) and has'been propagated more recently by Payne (1963), Talbot et al. (1965), Crawford .
(1972), Asibey (1974) and Hopcraft (1980). These researchers contend that sustained harvest
of Africa's large and diverse wildlife populations could allevnate a widespread deficiency of
protein in human diets. Though of historical and current importance to subsxstence economies,
the commercial r'ole of wild ungulates has beexi'largel:y overlooked. Since traditional 1ivéstock
represent only a smail percentage of the earth's 200 species of uhgulates, it is not surprising
~ that other species might prove useful as commercial meat producers. Current global examples
of consumptive commei;cial use include red deer in New Zeéland (Yerex, 1982), reindee‘r in
Fennoscandia (Sco'tter,' '1965). i)ison in North America (Peters, 1984) énd a Variety of native .
‘species in southern Africa (Skinner, 1973). Thorough reviews of the ecological ‘and
socio-economic basis for game ranching in Africa have been coﬁlpiled by Walker (1979) and

1

Field (1979). - .

Unlike livestock “in‘Africa. indigenous species and their aﬁcestral stock evolved under
local environmental conditions during the past several million years. This prolonged
co-evolutionary history has facilitated a high level of édapt_ation at the plant/animal interface.
The pﬁysiological and ecological merits of indigénous ungulates have beén presented as
argumenté for harvesting game to augment local meat supplies and earn foreign exchange

(Field, 1974, 1979; Talbot, 1963; Skinner, 1970). Advantages of native ungulates often used fo

support this view include high fecundity and earlier sexual maturity (Skinner, 1971), lower



water requirements (Taylor and Lyman, 1967; Taylor, 1968), resistance to disease (Karstad,
Grootenhuis and Mushi, 1978), favorable carcass characteristics (Talbot et al., 1965) ahd more
balariced resource use patterns (Lamprey, 1963; Ferrar and Walker 1974).

In addition to the agncultural incentive, one of the matn motivations for commercial
utilization of game has been to direct benefits of wnldhfe conser\(r;uon to landowners, thus
obviating their replacement by livestock and dryland.cro‘p’s. By benefiting from the economic
rewards of sustained consumptive use of 'wildlife', an incentive wbuld exist for landowners to
encourage both wildlife and their natural\e&vironmem. Peesently. wildlife are perceived by
agriculturalists as competitors with livestocl: for food or as reservohs of disease. Attembts to
relieve these conflicts have resulted in whstéd carcasses and have cost governments dearly in
. compensation and translocation programmes. |
. It has been claimed that production of game rather than livestoek would minimize '

I range degradauon (Hopcraft 1980; MILA, 1980) since a diverse assemblage of native
ungulates would utilize a spectrum of forages (1 e. grasses, forbs, shrubs and trees). Low

- water requlremex:ts enable many xeric naluve species to forage distant from rivers, lakes and
boreholes and to satisf’ 'y’;,yater requiren'}ente from hygroscopic plants. Confinement to night
enclosures requires cattle to forage during daylight hours when heat loac_l' is greatest.
Accordmgly, the distribution of cattle is often restricted to the proxxmlty of water holes during

the dry season. These areas become severely over-utilized and charactenzed by reduced

herbaceous cover.and accelerated er_osxon.

~

Although the ratxonale of using wildlife may be sound, efficient and economxc means
for harnéssing the producnvny of wﬂdhfe present a challenge Several systems mcludmg game
cropping, husbandry and ranchmg, have been attempted. Game cropping has been successful
in response to management crises such as overpopulations of large herbivoresv in parks and
TEeServes. The Kenya Wildlife Manageme'nl l’rdject (UNDP/FAOQ, 1980) developed a system
" “for cropping plains game which was economic under prevailing price structures, but the project

was terminated as a result of adverse public reaction.
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The most intensL‘ form of mnnagerncm, game husbandry using traditional methods
for pastoral livestock production, has been explored by the Galana Game Domestication
Project (King and Heath, 1976). Although the practicality of domestication has been
demonstrated, many of the ecological advantages of wild heruivores are dissipated under close
herding. Permits to market game produets from Galana were reecinded\ in 1977 when the
government suspended consumptive use of wildlife. .

An mtermedx%te strategy, game ranching on f enced holdings, incorporates the ecological
advantages of essentially wild populations while mamtanmng the political necessity of

controlling animal distributions and clarifying ownership. lt is this category of consumptive (

r
use that this dissertation addresses. ' o R

1.3 Historical Review
. In 1977, the Government of Kenya imposed a nati_on-wide hunting ban in an attempt
to control fampant poaehing, particularly of rhinoceros, elephant and large predators, and to
provide sufficient time to devise effective controls for the sport hunting industry. A more
effective strategy was needed to enforce huntingvfeg‘ulations, ensure redistribution of Tevenue to
local landowners and prevent exploitation of wildlife by poachers and unethical sport hunters
(MILA, 1980) . This decision was strongly supported by such international conservation
agencies as World Wildlife Fund and the International Union for the Conservation of Nature,
who had invested copsiderable time and money toward ensuring a future for an international
wildlife heritage held in trust by the people of Kenya Te the Kenyan economy this decision
sacnf iced the badly- needed foreign exchange prewously generated by sport hunting and
removed a financial 1&11&%4"01‘ local people to conserve wild ammals
Altheugﬁ the reinstatement of big game sport hunting has not yet occurred a single

- Eo/rnnlercial game ranching venture has been operating since January 1981. Wildlife Ranching

and Research Ltd. (WRR), owned by Dr. David Hopcraft, is a pilot projeet whose primary
: I

objective is to demonstrate the ecological and economic viability of semi-arid land use systems



based on consumptive comrﬁercial use of indigenous ungulates. Following the complctibn of

~ his doctoral research at ,WRR, Hopcraft (1975) concluded that communities of native ungulates
were less damaging to the environment, ﬁldré ;)roductive, required less water and veterinary
attention, and poséessed numerous carcass;ad?hmages over cattle. In 1977, Hopcraft applied to
the Kenyan government for a permit to transform his existing ggttle ranch into an experimental

game ranching operation. In late 1980, Hopcraft received a pe) |

itmand has to this date

operated the only game ranch in Kenya. R

"

i & A A(‘):‘pjﬁ;’address percewed gaps
in the data base Central foci of the study, which was conducted betwéen May 1981 and August
1983, include detailing the technology of cropping wildlife, quantifying the harvest and
numerical response of animal populations, documenting“topographic-flo‘ral {elétionships,
identifying resource use patterns of the economically important ungulates and exploring the
managerial value of a prescribed burning program. It is the collectivé aim of projects
conducted on WRR to provide information that can assist in effective resoﬁrce mq.nagement,

f or the future of this fledgling industry will depend large'ly on the establishment of a sound

~N

-,
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.,
*
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data set on which to base managerial decisions.
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{ Chapter 2

Environmental Setting

2.1 Location

_The landholdings of Wildlife Ranching and Research Ltd. (8100 ha) are situated 40 km
southeast of Nairobi, Kenya on the north-eastern limit of the Athi-Kapiti Plains (Figs. 2.1 and
2.2). Altitude varies ‘bctween 1600 and 1700 m a.s.1., latitude is 01’ 30' south and longitude is
37 02’ east. WRR is located immediately south of the major highway cqnnecting thé capital
Nairobi to the coastal city Mombasa. Tixe proximity of WRR to Nairobi and a major
transportation artery has proved beneficial to the marketing of game products. |

Rangeland located south of WRR in the Kajiado District is inhabited by Masai

pastoralists. Mcmbcrs of the Wakamba tribe cultivate cereal and fruit crops in the Mua Hills to

»
the north-east of 'WRR.

2.2 Climate

o Although the factors controlling weather in East Africa are not fully understood
(Griffiths, 1969), most observers attribute seasonal weather patterns to the existence of the
Inter-Tro;N Convergence Zone (ITCZ). This low pressure area marks the confluence of the
northeast and southeast trade winds. The position of the ITCZ shifts with solar orientation,
crossing the equator twice each year. This movement‘impans a bimodal rainfall pattern to
WRR.

Climatic observations were made at a central compound within WRR. Precipitation
was monitored by three rain gauges while shade temperature and relative humidity were
measured by a hygrothermograph housed witfxin a Stevensen screen. Evaporation of water
within rain gauges was prevented by a thin layer of kerosene.

Precipitation is characterized by considerable year to year variation. The long rainy

season typically occurs from March to May, followed by a cool, cloudy and dry pel’iod from

10
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June to the end of September. The short rains occur from October thro:ugh December and are |
followed by heat and intense,sunshine from late Deoembel;. 1o mid-March. Average annual '
precipitation at WRR is S}O/‘mrn; although 422, 473 and 435 mm were received in 1981, 1982

_ and 1983, respectively. Rainfall patterns for 1981-1983 aeroximated historic bimodal

patterns, although the long rains of 198fand 1983 were hght Potential evapotransporauon is
1500-2000 mm (Pratt and Gwynne, 1977) creatmg a water deficit for plants during much of
the year. Monthly rainfall, humidity and temperature recorded at WRR are presented in Fig.
2.3. I-lighest temperatures and g;eatest daily range between maxima and minima occurred in
February and March. Average annual maximum, minimum and mean an.nual temperatures at
nearby Athi River over a 33 year period are 26.5, 14.1 and 203C (E.A.M.D., 1970).

Ld

2.3 Geology |

A :ewew of East African geology is provided by Saggerson (1969). The landform of
WRR and sun'oundmg regions is the product of two geologic events. The hills Lukenya and
Kyumbi wmch border WRR to the north and east and mark the border between the Plams and
the Mua Hllls were formed dunng a.period of upl1f ting and folding i m the Precambnan The
,Athj-Kapiti Plains o_ngmated in the Tertiary and con51st of volcanic deposxts. “_Basalt rocks |
visible along {opogfaohic depressioné evidence their volcanic origln.

2.4 Topography and Sml , _

, Gently rolling terram (slopes less than® 2%) is the. prevalent land f orm of WRR and the
Athi-Kapiti Plains in general although an mterlace of r1ver1ne depressnons penodlcally
interrupts this pattern By af fecting water runoff and soil pamcle dlstnbunon these
undulations create a predictable toposequence of soxl types, or ” catena” (Monson Hoyle and

Hope Slmpson 1948; Banage and Visser, 1967). Wlthm WRR eluvml soils along hxlltops are .

sandy, well drained and hght grey in appearance (Reed 1983). Depressmns aré charactenzed

.by poorly dramed black clay illuvials. The dominant soils are vertisols whose consutuents are )
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pnmanly mont.rnonllomte clays. These "black cotton” soﬂs are poorly dramed swellmg when
hydrated and crackmg when dry Plant nutrients, other than nitrogen, are adequately supplied

by the soil (Kuria, 1973).

2.5 Vegetation

The ecology and classification of East African vegetauon are described by Edwards and
'Bodgan (1951) and Lind and Morrison (1974). According to Pratt and Gwynne S (1977)
ecoclimatic classif’ icau'on WRR falls into the Zone 1V Themeda- Acacia assoc1anon (Fig. 2.1),

* and therefore is representatwe of the more producuve rangeland of Kenya However,
insufficient and unpredlctable rainfall limits the potential for cultivated crops in this sexm-and
| region. The prevalence of "blaek cotton” soils on WRR greatly impede tillage. '

Wooded grassland is the most common plant co;nrnunity in WRR with topographic
relief strongly influencing local species composition, leaf nefght. phenological stage and tree
density. Chapters 4 and 5 describe the relationships between topography and plant community“
structure in greater detail. Dominant grasses are Themedd triandra Forsk., Pennisetum
mezianum Leeke and nguarza milanjiana Staph. The most prevalent trees are Acacza
drepanoloblum Sjoestedt, 1-2min height, in the valley bottoms and Balamtes glabra Mlldbr
and Schiect (2-4 m) along the ridges. A thin band of riverine vegetation is located along an
~ ephemeral stream in the northern portion of WRR. Thié riparian region is characterized by a
closed or serti-closed canopy forest of Acacia xanothophloea Benth., A. senegal Willd. and 4.
seyal Oliv. Botanical surveys of WRR conducted by Reed (1983)‘ indicate that 242 species from
42 families are present. Most species belong to the f amilies Gramineae (n=62), Papilionaceae
(n=20), Compositae (n=19), Mimosaceae (n=13) and Malvaceae (n=12). | |

Ecoclimatic classifications of yegetation in East Africa dfe generelly based on large
scale gradients in topography climate, vegetanon and soil monsture This scheme would be
inappropriate for WRR as it would be unable to dlstmgulsh different reglons within the

~
relatively small ecoclimatic gradlents present In selecting a system for habltat classification,

o
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" several requirements were considered.

1 The system should allow for quick visual assignment of areas into tg'szitat classes. This
would be especially important during road surv-e;;‘s wflen detailéd inspectiop is not possible'
initally.

2. To incorporate the findings of the study into future management of WRR, rapid |
classification of habitat by staff is needed.

3. The categories should have a biophysical .basis to enablg meaningful interpretations of
ungulate-habitat associations. - |

4. The classification should conform to an internationally accepted scheme.

Although gramino'ids comprised the greatest biomass/ é.nd diversity of WRR's
-vegetation, it was not possible to base a classification on oc&irrence of these species. The vast
majority of graminoids were distributed widely across gradients in topography, soil type and
moisture.

It was possible to identify habitats using the criteria of mcuﬁence and density of tree
species. This scheme 'shares the same physiognomic criteria recommended by the East African
Rangé Classification Committee (Prati; Greenaway and Gwynne, 1966)‘. Since trees are
conspicuous features, rapid cla‘ssif ication ié facilitated. Strong habitat-ungulate associations
(Chapter 4) indicate the ecological value of this classification system. Table 2.1 lists the
ciassif ication criteria and briefly describes each habitat type. Figure 2.4 illustrates the
relationship between topography and habitat distribution. |

- WRR was mapped into habitat classes by traversing north-southﬂ transectsv, viewing
from topographic promontories and by studying 1981 /aerial photographs (Fig. 2.5). ’

The results of topographic-floral studies (Chépter 4) suggest strong relationships
between habitat types and topograppic position, a;d therefore support the concept of catenas.

Treeless Grassland and Balanites Grassland predominated in the uppgrtopographic section,

Balanites- Acacia Grassland favored the lower two sections and Acacia Woodland was restricted
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Table 2.1, Definitions of habitat types on WRR.

Criteria

Habitat  Area(ha) - General Descriptlon
Treeless 227  Trees absent or - -Restricted to hilltops
Grassland sparse (0-2/ha) -Grass leaf height low
J S -Utilization high
‘ -Sandy well-drained soils
‘*'») ) B_ajg_nm 2138  Balanites present- -Common along upper slopes
~"* Grassland (3-20/ha); Acacla  -Grass leaf ht. low to medium
absent ~Utilization medium to high
-Soils sandy-silt
Balanites- 3654 Both Balanites (3- ~ -Lower and middle slopes
Acacia 20/ha) and Acacia -Leaf ht. high
Grassland (1-150/ha) present  -Soils siit-clay . .
" ‘ -Utilization medium-low
Acacia 1458  Acacia present ~Topographic depressions !
woodiand (>150/ha); -Tree density high
Balanites absent -Tall grass sward, utilization
low '
-Poorly drained clay soils,
which may be rocky
.Riparian 584 Partial or complete  -Stream proximity
canopy forest -Characterized by dense
stands of A xanthophioea
seyal and senegal
Fertile 39  Immediate vicinity  -Grass community dominated

of bomas. Trees
absent ofr sparse

by Cynodon Spp.

~ -Soil fertility and util. high




18

Grassland
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Figure 2.4 Relationship between topography and habitat distribution.
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o the lowest topography.

2.6 Fauna

Prior to 1981, WRR was operated as a livestock enterprise producing cattle ( Bos
indicus) and fat-rumped black -headed Somali sheep (Ovis aries). WRR presently supports a
diverse fauna which features numerous indigenous ungulate species. Economimlly.impoﬁant
are Thomson's gaiellc (Gazella thomsonii Gunther), Grint's gazelle (Gazella granti Brooke),
Coke's hértebeest (Alcelaphus buselaphus Gunther) énd wildebeest (Coﬁnochaetes taurinus
Burchell). Less numeroﬁs species inclﬁde impala (Aepyceros melampus Lichtenstein), eland
(Taurotragus oryx Pallas), Burchell's zebra ( Equus burchelli Gray), Masai giraffe (Giraffa
camelopardalis L.), fringed-eared oryx ( Oryx oryx Ruppell), common duiker (Cephalobhus
grimmia L.), warthog ( Phacochoerus aethiopicus Pnallas) and steinbok ( Raphicerus campestris
Thunberg). | |

Predators including cheetah (Acinonyx jubatus Schreber), spotted‘hyena (Crocuta
crocuta Erxleben) and black-backed jackal (fCam's mesomelas Schrebér) océur on WRR as
resident populations, whereas lions ( Panthero leo L.) and packs of hunting dogs ( Lycaon pictus
Temminck) pefiodiéally pass through the Ranch. Although not quantified, predation of
gazelles is thought to be higb._’ A predator control program exists on WRR for jackal, hyena
and lion. ‘

Other commonly seen mammals are the mongooses (Mungbs mungo Gmelin, Herpestes
ichneumon L., Ichneumia albicauda Cuvier), jumping ‘hgre (Pedetes capensis Forster), Whyte's
hare ( Lepus whytei Thomas), aardvark ( Orycteropus'qfe-*r Pallas), vervet (Cercopithecus

aethiops L.), zorilla (Ictonyx striata Perry), and lesser galago (Galago senagalensis St.

Hilaire).
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; Chapter 3

Harvest, Population Dynamics and Morphometrics >

3.1 Introduction

Localities where indigenous ungulates are harvested commercially in a systematic
manner on a weekly or monthly basis are rare in East Africa. Even f ewer facilities exist which
collect a spectrum of morphometric data on each harvested animal. As commefcial interest in
the consumptive‘ use of native ungulates grows, so does the need for detailed information
concerning harvest stretegics, cropping mechanics and productivity parameters. These data are
required to devise effective management policies, to conduct economic comparisons with |
livestock species to design appropriate processing f: acilities end to estimate retail biomass.

The objective of this chapter is to summarize knowledge gained at WRR durmg the
first three years of conversion of a livestock ranch to a game ranching enterprise. In addition
to quantifying the harvest (number, hvewelghL and carcass welght_), other productivity
parametere such as dressing percentage, tarcass shrink and weight of bloed, skin and edibie
of fal were determined. The results of total ground counts were used to monitor the effects of

the cropping regime and a skewed sex ratio on popuIation dynamics. Morphometric

measurements provide evidence of the effects of cropping on age structure.
3.2 Methods

3.2.1 Management Features and Capital Conversion

To meet government regulations for game ranching, WRR completed several
modifications. A 50 km chain link fence, 2.6 m in height, Qas erected along WRR's perimeter
at a 1977 construetion cosf of US $100,000. The fence serves to clarify ownership of wildlife
and ensure a closed system for management. It has proven effective for all species except

eland whose exceptional J}umpmg abilities make containment difficult. Weekly horseback

|
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patrols check the fence for damage and theft.

A shughtﬂh%use \;/as constructed at a centrally located compound. Aq electrical winch
fs used to lift the larger animals from the killing vehicle to be suspended from a rail system
attached to the ceiling. A diesel powered f osced air cooling unit (2x2x5 m) is used to chill‘
carcasses. Connected to the slaughterhouse is a meat processing room, equippéd with min;:er.
presses and ovens for the p;oduction of mince;‘sausage. biltong and select meat cuts. A smoke
house and open air drying rooms were constructed for the production of sausage and biltong.

Cropping is conducted from two specially modified 4-wheel drive vehicles, each
equipped with a gun rest, mechanical hoist and a 2 way radio to allow drivers to relay
inf ormauon on animal distribution, hummg success and possible problems.

Imternal postlines without wire, the remnants of an old paddocking system, occur in the
eastern portion of the Ranch. During 1981 to 1983, approximately five livestock enclosures
(bomas) were used nightly to protect cattle and sheep. Boma locations are changed périodically
to avoid excessive trampling by livestock. Most manag\cment activities, human residences, and
veterinary services occur at a centrally located compound. The undesirable features of "black
cotton” soil during the rainy seasons have required human residences, bomas, ‘boreholes and
most roads to be located along ridges. Five boreholes, powered by either diesel engines or
windmills, draw sufficient amounts of aquifer water to satisfy livestock and human
requirements. Several dams ﬁave been constructed in depressions to trap surface flow of water

during rainy seasons. These dams become dry for at least part of the year.

3.2.2 Harvest Strategy

During 1981))MRR’ﬁEﬁséers attempted to adhere to a weekly harvest regime of 4
Thomson's gazelle Gazella thomsonii, 3 Grant's gazelle Gazella granti, 2 Coke's hartebeest
Alcelaphus buselaphus, and 1 wildebeest Connochaetes taurinus. This ratio was sometimes
disrupted b); shifts in buyer demand, weatﬁer and irregularities of animal distribution. The

establishment of the above harvesting ratio was intended to reflect species-specific fecundity -
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and population levels, and result in sustained or enhanced future of ftal;c. Harvest rates in 1982
and 1983 were adjust’cd for each species in response to data collected from ground counts.
Nearly all animals cropped in 1981 were aduﬁ males belonging to bachelor herds. The
strategy was (o selectively remove excess non-breedigg males, thereby increasing the
‘.Upopulation's reproductive potential. By mid-1982, bachelor gazelle males were noticeably rare,
requiring shooters to concentrate more on territorial males. It was not until late 1982 that
females appearing "barren" were harvested in appreciable numbers to restore a less skewed sex

ratio.

~3.2.3 Harvest Protocol
Cropping occurs once weekly, usually Tuesday, to accomodate peak consumer buying

on Friday. All harvesting is conducted at night using two specially adapted vehicles. Animals

*_ are immobilized with a spotlight and shot in the head to ensure immediate death and prevent

meat spoilage. Gazelles are shot with a .22 Hornet, whereas a .243 or .308 caliber rifle is used
for the larger species. Once shot, animals are hung immediately from the side of the cropping
vehicle and exsanguinated. In accordance with meat hygiene standards, all animals are
transported within one hour of beipg shot to the slaughterhouse, where they are eviscerated and
| skinned. Dressed carcasses are hung overnight for cooling. =

The following morning, a government official inspects the carcasses and organs for
disease and parasites that may render meat unsuitable for human consumption. Following
inspection, meat is stamped to identif ;' WRR ;15 wholesaler and placed in a forced-air cooler for
24 hours of chilliné. Since November 1981, meat from the forequarters of wildebeest and
hartebeest has been boned and processed into sausage, mince or biltong (dried meat similar to -
jerky). Specialty meats, hindquarters of the larger species, and entire carcasses of gazelles are
marketed to select butchers and restaurants in Nairobi. Meat is covered by cheeseclothy placed

in an insulated box, and transported by truck. The time interval between harvesting and

delivery of meat to retail market is approximately 36 hours. Edible of fal is sold primarily as ’
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pet food. To date, no hides or horns have been sold.- They are ih""storagehawaiting government ‘

permission to export.

6

3.24 Total Ground Counts . R | ' _ o .
Populatrons of commercral species were momtored by monthly ground counts. WRR

“ was d1v1ded into 4 or 5 sectors, with each area counted simultaneously by 1 or 2: expenenced

observers Counts were conducted by four- wheel drive truck or motorcycle between 0600 and

1000 h to minimize heat wave v1srb111ty problems. Viewers observed the entire sector, elther by

Vclose mspectron or by usmg binoculars from vantage pornts It was necessary to remain dnstant

(>200 m) f TOm wrldebeest and hartebeest to mmlrmze mter -sector movement of frightened

‘animals. Usmg thls census: techmque visibility bras in open woodland is thought td be low for

7

large-bodied gregarious species, whereas uncounted ammals present a greater problem'f or ’

‘ -cryptic Specres *océlirring i in.small groups Whrle conductmg ground counts, sex was :

. drstmgurshed only amaong adult gazelles smce they were more nonceably drmorphxc and were - :

;'more easily approached than hartebeest and wildebeest. However rt was not possible to

drstmgursh the sex of young gazelles Age classes were drstmgurshed for hartebeest and

_wrldebeest on the basis of coat colour and horn conf ormatron changes

325Morpllometncs o . o i | o '
A vanety of limb, trunk and horn measurements descnbed in Table 3 1 are completed

. when ammals arrive at the abbatorr Following cvrsceratron the heart liver, lungs, kidneys

and spleen are weighed. In addition, several other morphometnc parameters were quantrf 1ed

Blood was collected“m the f 1eld from 10 headshot ammals for each of the four economic

, spec1es Subsequently liveweights were determmed by applying a blood loss correctxon f actor to

bled werghts To estimate sale value of hides, generally determlned bry? surface area, 20-

air- dned salted hrdes from ea\dh species were measured for length wrdth and werght Carcass

' vshrlnk for the penod begmmng at ev1sceratlon and endmg at time of dehvery (36 hours later)
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Liveweight (kg)
Carcass weight (kg)

Perirenal fat (g)

Table 3.1. Descrlptlon of morphometiic meaarement& ’ ¢

 Measurement | Description

| Headleng‘_tl\ (cm) From tlp of nose to the atlas joint measured along theﬂl
L ‘ curvature of the head -
Body length (cm) From atlas joint to base of tail, measured above vertebral column.

 Shoulder height (cm)  ~ Measured from highest paint on the withers totipofhoof '

following the curves of the shoulder when extended straight.

Hind hefght (cm) Measured lrom ‘the base of the tail along the. body curves of the.

" , ' hindleg to the hoof’ tipwhile leg is extended
Horn length (cm) Between base and Lip of the horn measured along frontal surface.
Tlp totip (cm) Distance between horn tips. ' Q ;
Base circumference (cm)_Heasured around the base of the hom. ) |

Predicted weight of living animal, determined by applying a
blood loss correction rac or to the recorded bled weight.

Refers to evlscerated carcass wll:h head skln and Yower legs
removed.

That adipose tissue su'mmdl the kidneys. it wasnecessa‘y to
separate perirenal fat from a?l?acent mesenteric deposits. in

. such cases, fat extending beyond the end of the klmey was

Heart ()
Ll‘:ng (g
. Liver (g}
Spleen (g)
Kidney (g)

removed.:
Heart proper remaved from pericardium. Ventrlcles opened to

- remove clotted blood.
 Includes lungs and trachea

Includes iver and gall bladder
Spleenonly -
includes kidney proper (surromdlng adlpose tissue removed)

Organs (R of llvewe'lg\t) Cumulative welg‘lt of heart, liver, spleen, lungs and kidneys.

Head (R of
llvewelg‘\t)

Lower legs (X of
llvewelmt)

- Gastro-lntestlnal
~ content (R of liveweight)

‘Heat wroper including Jower jaw, horn and skin covering severed

fran hody at atias-axis junction.

Portlm of leg including skin and hoof removed at jolnt dlstal to
ulna or tibia. _

Includes full dlgestlve tract (oesophagus to anus) mq contents.

‘..
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was quantified for 30 carcasses of each species. A sample of fresh hides, gastro-intestinal

tracts (contents included), head and lower legs were weighed in 1afe 1982.
3.3 Results

3.3.1 Harvest Statistics ‘

Table 3.2 summarizes harvest and nroduc‘tion'during 1981, 1982 and 1983; Over 500
individuals were harvested each year, producing a.n average annual yield of 43.7 tonne
liveweight, 23.6 tonne dressed carcasses and 1,563 kg of edible off al. Average annual
bproducnvrty over this period was 5 40 kg/ha liveweight,'2.92 kg/ha dressed weight and 0 al9
kg/ha edible offal. Asa propornon of the January biomass densmes the cropping rite for the

economic species was 36. 2 44.6 and 40.2 percent during 1981, 1982 and 1983, respecuvely The

- numbers of males and females in the harvest are shown in Table 3.2. Few females were

crepped prior to 'September, 1982. An insignificant number of carcasses were condemned
(Grant's gazelle less than 2%; other species less than 0.5%).
‘ o

3.3.2 Population Dynanlics N

From January 1981 to"J anuary 1984 livestock bromass was progresswely reduced from
86 3t044. 4 kg/ha to encourage growth of native ungulate populatrons (Frg 3.1). Between .
January 1981 and J a.nuary 1984 economic natlve ungulates increased 35.8 percent fre rom 12. 0 to
’> 163 kg/ha (Table 3.3). To standardrze’ those environmental conditions (i.c. leaf height and
cofour) and life history events (i.e. calving seéson) which aff ect 4nimal visibility and
population levels only J anuary census fi 1gures were used to express population trends Results
of monthly tot,gl ground counts- resented rn Frgs 3. 2 and 3. 3

~ Wildebeest calves were born in A-*pnl and May. Althougl\r neonates of Thomson's

gazelle, Gra.nt's gazelle and lrartebeeSt were counted each month, rainy seasons were preferred-

for calving. ' o T
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Table 3.2 WRR harvest statistics (1981-1983).

Thomson's Grant's Coke's Wildebeest  Total

gazelle ' gazelle hartebeest :
1981 243 150 ‘84 32 S09
1982 118 55 144 70 387
1983 128 - ] 135 80 391
1981 0 4 13 4 21
1982 27 33 2 : 38 140
1683 59 28 44 : 40 171
1981 243 154 97 36 530
1982 145 88 186 108 . S527
1683 187 76 179 120 562
Liveweight (kg) - , :
1981 5,643 .8,949 12,592 7,912 35,096
1982 3 175 4,506 20 195 19,203 = 47,019
1983 3665 . 4043 19046' 22,236 48,990
m:m_um&g) , ; : o
1981 3,166 5,128 6,724 4312 19,330
-1982 . - 1,781 2,573 10,663 9 928 24 945
1983 2,038 2,318 10,185 12 120 2666|
Edible Offal (kg) : |
1981 - 218 347 229 1,167
1982 130 199 688 1,732
1983 | 168 172 764 1,791
Liveweight (kg/ha/yr) o - ‘ | |
1981 697 - ’é» 1.105 - 1.555 977 4334
1982 v . 392 - 1597 2494 2372. 5815
1983 452 499 - 2351 . 2745 6.048
Dr:sut:lmt(kg/ha/yr) : : - '
1981 , 633 830 ‘533 2.387
1982 220 318 1317 1.226 3.081

1983 252 - .286 ‘ 1.257 1.496 3.291
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Figure 3.1 Livestock populations on WRR.
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Table 3.3. Ungulate populations on WRR, January 1981 - January 1984,

Aversge  Jenuery 1981  Janusry 1962 Jenusry 1983  Janusry 1984

. Weight (kg) N  Biomass N  Blomess N Blomess N Blomass
T.gezele 16 622 9952 555 0,800 727 11,632 970 15520
6. gazelle 35 460 16,100 360 - 12,600 335 11,725 i 307 10,745
C. hartebeest 85 446 37910 617 S2.445 665 56,525 594 50,490
Wildebeest 125 264 33,000 253 31625 335 41,875 445 55,625
Subtotsl 1,792 96,962 1,785 105550 2,062 121,757 2,316 132,380
Biomass (kg/he) 120 - 13.0 15.0 163
LIVESTOCK
Cattle 288 - 2,360 680,000 1,876 540,288 1,500 432,000 1,235 355,680
Sheep 40 475. 19,000 503 20,120 150 6,000 91 3,640
Subtotsl 2,835 699,000 2,379 560,408 1,650 438,000 1,326 359,320
Biomass (kg/ha) 06.3 - 692 54.1 . 444
TQTAL BIOMASS (kg) 795.960 | 665,958 559,757 491,700
(kg/ha) 98.3 822 69.1 60.7
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Figure 3.2 Populations of Thomson's and Grant's gazelle on WRR.
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Figure 3.3 Populations of Coke's hartebeest and wildebeest on WRR.
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(Fig. 3.4). Sex ratio figures relate all females and non-adult males to recognizable adult males
(i.e. visibly long and/or thick horns).

Population levels for the currently unharvested species, as of January 1984, were 30
zebra, 20 eland, 75 giraffe, 75 impala and 11 fringedeared oryx. It was not possible to

accurately count steinbok and warthog.

333 Mo.rphometric.s
Annual summaries, tabulated for both sexes, are presented for carcass and organ -
characteristics (Tables 3.4 and 3.5) and external measurements (Tables 3.6 and 3.7). Table 3.8
describes hides, carcass shrink and blood. Table 3.9 quantifies the contribution, expressed asa .
percentage of liveweight, of dressed carcasses, digestive contents, hea'd, organs and skin.
During the 36 hour period between cropping and Tetail delivery, whole carcasses sustain
evaporative weight losses of 2 to 5 percent. AS depicted in Fig. 3.5 carcass shrink decreases

with increased weight.

3.4 Discussion
Substantial quantities of meat '(approximately 25 metric tonne/yr) were produced in a

hygienic nfanner and marketed readily in Nairobi. The three yéar mean harvest of 5.4 kg/ha
apf)ears small in comparison to a fully stocked cattle ranch, which might harvest 25 kg/ha
livewe{ght annually, livestock biomass on WRR during the period of study exceeded vthat of
‘ native‘species by a factor of three to seven. It is assumed that wildlife will expand greatly as
the cattle: populaﬁbn 'is further redﬁ;:ed.

- The data indicate that dressed carcasses vary between 52 and 57 percent of liveweight
and that femglcs and larger-bodied species have lower dressing percentages. In comparison,

dressing percentages of cattle on WRR are approximately 50-51 percent. As a proportion of .
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Figure 3.4 Gazelle sex ratio on WRR (ratio relates aduit males to all other sex and age classes).
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Table 3.8. Blood, carcass shrink and hides |
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- Table 3.9. Comparison of body com'pbsition by sex and species
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Figure 3.5 Percent carcass shrink during 36 hour period following evisceration.
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liveweight, .edible offal (heart, liver, lung, kidneys, spleen) amounts to approximately 3.{1 to
4,7 percent. Percentages are higher for females an_d’d.pcline with increased body weight.
Carcass shrink is attributable to a number of factors, including relatively small carcass size,
lack of subcutaneous fat to form a protective sheath, and to the evaporating effects of a
forced -air cooler. Expectedly, smaller carcas‘ses.‘sixstain proportionately greater weight loss.

In comparison with observed grthﬂ rates of unharvested ungulate populations in East
Africa, the performange of wildlife oh:‘WRR appears impressive. Following the removal of the.
rinderqpest virus in thé early 1960's from the Serengeti ecosystem, buf falo and wildebeest

mcreased by approxmy 10% annually f or several years until hm1ted by available forage

) oo
(Sinclair, 1979)% u&ﬂ;»nwby Mara ecosystem, populations of T. gazelles, G. gazelles
\
and hartebeest exhibited maximum annual rates of increase of 45, 26 and 13%, respectively
(Stelf ox et al., in revmw) |

Cumulanvely the blomass density of ungulate species on WRR mcreased by 12%

annually whil€¢ w1t standmg an annual harvest of approxunately 40 percent. These data suggest

an expansmn raté m\excess.of 50 percent if harvesting had“ not occurred. Seve ,. lanatxons _
are invoked to account for the‘ob.senlled growth pattern. First, reductions in lives
populatlons have 1mproved environmental quality by creating an abundance of forage and by -
lengthemng the season of ‘surface water avallabxhty One would expect the attendant reductlon
in inter- and mtraspemf ic competmon to push fecundity to mtrmsxc maxima and to reduceu .
mortahty associated with poor body condmon Secondly, existing ungulate biomass densmﬁ? ;f
16-20 kg/ha (mcludmg non-economic specxes) have been maintained well below carrymg
capacity by the harvesting reglme Sustainable biomass densities of 43.8 10 56.2 kg/ha’
(Petrides, 1956) and 122.6 kg/ha (Talbot and Talbot, 1963) have been reported on similar

grassland of East: Afnca In nearby Nairobi National Park, an area similar in envu'onmental 4

. sewtting, yearly censuses mdxcated an average biomass of 46.2 kg/ha despite a livestock stockmg\

rate of 10.7 kg/ha (Foster and Coe, 1968). Predictions of potential biomass density on WRR, i

based on rainf al_l(phytoinass/ungulate biomass relationships (Coe, ‘Cummings and Phillipson,

3
s
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1976), are35-A45 kg/hé. Thirdly, thest.rateg;y of harvesting primariiy males has increased the
populations' growth potential by s\ke%ng tvhe sex ratio in favour of females. For example, at a |
female :male ratio of 10'1‘ and assurnirig all adult females are serviced, oopulation growth
would double that of a sex-balanced populauon Although only females which appeared
“mparren" were harvested, a high percentage were determmed by post- mortem inspection to be

in early stages of pregnancy. These findings suggest that conception rat

can remain high
when females oumumber breeding males by several magnitude. Foun{ly, , e\' nstruct_ion of a
game proof perimeter fence prevented the emigration of animals, Since 1ntras ic aggression
should encourage emigration among adolescent and subordmate males (Leuthold, 1979), a
barrier should increase ammal density. Fifthly, WRR ‘s predator control policy has greatly
reduced populations of jackals arrd hyena. Jackals were thought to be a major limiting‘ factor
on gazelles by preying on neonates in the "hiding" stage. Lastiy, counting eff’ idtency of
observers may have improved with experience. If this is true, earlier populations would be
underestirriated relaffire to more recent 'courits. TBS artifact would provide a misleadingly high
estimate of populatiori grdv'nh. - Although improvements in observer perf. ormances have
undoubtedly occurre¢ I believe its impact to be minor relative to the other eonsrderatrons

A three pool: model (calves, juveniles and adults) was used to determine if m 8
ungulate commumty *could increase as observed while sustarmng the recorded harvest. First,
the model credited f emales with maximal fecundi:cﬂy rates recorded in the h;erature since
populations were low and were experiencing an unlumted food resource ’i:;ext each population
was subjected to an age and sex class specific harvest to reflect observed harvest figures.
Finally, mortality rates were adjusted to produce a population increase consistent with resuits
| of ground censuses. The vital statistics used in the population simulation model are shown in
Table 3.10. The results of the model are useful m elucidating the response of each species.
Grant's gazelle differed from other economic spemes in that their numbers decreased. The

‘moglel indicates that naturai mortahty was much higher for G. gazelle than other spemes Body

condition studies (Chapter,?) indica_te that G. gazelle were in good condition, offering no



Table 3.10. Vital statistics used in population dynamics model.

“Mortallty Fecundity Harvest  Liveweight?

Rate - Rate! Rate (kg)
Calves A5 0 0 13
- Juv. Males A2 0.6 20
Juv. Females A2 1.5 0 16
~ Ad. Females .08 20 0.15 20
Ad.Males .08 \ 0.6 25
Calves .25 0 -0 25
Juyv. Males 22 . 0.5 45
Juv. Females .22 1.2 0 '35
Ad. Females 18 1.5 | 0.2 50
Ad. Males 18 - 0.6 60
Calves 07 0 0 60
Juv. Males 05 . | 0 100
Juv. Females .05 1.0 0 80"
Ad. Females .03 1.2 0.2 100
Ad. Males 03 © 05 140
- Calves 03 o 0o 80
- Juv. Males 02 06 . 150
Juv.Females .02 1.0 0 120 .
Ad. Femaies 0l 1.0 0.1 150
Ad Males .0| 0.6 . 200

I Maximal fecundity values are based on the literature review provided by
Kingdon (1982). The author modified some of these values toreflect
observed calving intervals on WRR.

- 2 Liveweight measurements based on data collected at WRR.
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justification for lowering fecundity. Although speculative, preferences of G. gazelle for lower
topographic 1evelsv (Chapter 4) might predispose animals to predation because of high tree |
density and reduced tréction in swollen clay soils. A more likely explanation concerns the diet
of Grant's gazelle. Whe;eas the other 3 economic species and cattle relied primarily, or
exclusively, on grasses, G. gazelle foraged extensively on dicotylélons (Chapter 4). Therefore,
~ reductions in cattle numbers would'not benefit G. gazelle to the same extent as the other
species. | |

It was noted that economic native spe;:ies, part.iéularly, males, became more wary of the
cropping vehicle with passing time. 'fhe more gregarious species exhibited a gréater flight
distance than the gazelles. To cope with this problem, hartebe;est‘and wildebeest were shot from
greater distances With larger caliber rifles. No appreciable reduction in shooting accuracy was |
observed. If flight distances contiﬁue to increase, it may become necessary to iﬂ)lement a
di_ffe*e‘nt harvesting stfategy. o

Total time required to ghoot and process anigxa}s degreased signif’ icant;‘y;during the
stgdy period. Whereas approximately seven hours were requiréd for 10 animals in'early 1981,
only'2-3vhours are presently needed. Greater eff’ icic'ncy can be atﬁributed to impfovéments in
labour expertise, vehicle reliability, processing equipment and slaughterhouse design.

Horn dimensions decreased between 1981 and 1983 for males of each specxes (Table

i

3.6). Since horn size is a useful mdlcator of age, one might conclude that the’ age structure i
shifting toward younger indmduals. This is not surprising, since shooters generally select large
‘ horned individuals. Age determination studies of 1982-83 male Thomson 's and Grant's gazelle
(Chapter 8), conf irmed that 'ofd " males did not exist on WRR. fIntei'estingly, measures of
skeletal dimensions and carcass size remained similar or digi not decrease as noticeably (Tables

3.4and 3.6). I suspect that improi‘?ed environmental conditions, a result of declining livestock

numbers, enabled young individuzls to grow quickly.“



3.5 Summary

WRR's perfonnancé demonstrates that game ranching is logistiéally possible.
Recognizing that WRR is in an experimental phase, it is not surprising tfiat cropping and
processing systerhs are being Modified to improve économic efficiency, meat quality and -
markeiability. Howeyer. ultimate concerns about system performance must await enterprise |
maturity when li\}estock have been removed and wildlife have achieved optimal densities.

Perhaps the most encouragin‘g result of the study was the ability of native ungulate
populations to increase (12%/annually ). while sustaiging offtake rai:s of 35 to 45 percent.
Management strategies which contribute to these findings inclu ' e predator control,
maintenance of a skewed sex ratio, 1mprovemcnts m environmental quality by reducing
hvestock and construction of a pcnmeter game proof fence. Maximal sustdined offtake rates
for cattle in the vicinity of WRR are 25% (Nsxbandze 1982).

Advantages of ra.nchi'ng indigenous species over cattle include higher f ecun’dity, earlier
sexual matuﬁty, more balanced foraging patterns, greatly reduged veterinary costs, and lower
water requirements. o
. Although less tangible than economic criteria, potential benefits to the environment
resulting from game ranchmg should remain a most critical consideration. It is 1mportant to .
realize that the ecolog,xg;al and ecoromic findings of this st{dy are site and ume specific. They
' reflect the con,versxoh of a single beef ranch to a game enterpnse. Other systems of game
utilization will be more or less viable,‘depending on a number of ecological, economic,

regulatory and marketing factors.
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Chapter 4

Dynamics of Resource Use by Ungulates on the Athi Plains, Kenya

~ 4.1 Introduction
Partitioning of resources by sympatric species is well-established (Schoener, 1974).
Studies of resource use pave identified habitat cover (Harris, 1972; Hudsg‘n 1976), tdpographic
relief (Beil, 1970), proximity to water. (Western, 1975), diet (Gwynne and Bell, 1968;" |
. Muéambe, 1982) and forage phenology (Vesey-Fitzgerald, 1960), among others, as critical
environmental gr;dients along which ungulates achieve ecological separatioﬁ. The capacity of

herbivores to exploit dissimilar, often complementary, resources has been offered as an-

L]

explanation f or the sﬁectacularly div_erse ungulate communities of East Africa (Lamprey, 1963;
Jarman and Sinclair, 1979).
The~6bjecﬁve of this study is to apply the findings of resource partitioning sfudies to

the management of an experimental land -use'system where native ungulates are comrqercially

| ‘harvested‘. }t is postulated that sympaitric unguiate species exhibit dissimﬁar preferences for
forage and habitat, and that the dynamic nature of East African grasslands, largely ihe result
of seasonal rainfall, necessitates flexibility in resource use pé.ttems; 'Practical applications of
revealed patterns would include 1) suggesting optimal combinations of he;;bi\;ore species f or
existing resources, 2) identifying those resources receiving exceésive and negligible use e;nd 3)
f orecésting responses of ungulates torenvironmental changes induced by such maxiagement
practices as prescribed burmng Ti;e usefulness éf a habitat ‘classification scheme for rsxanaging

economically important ungulate species was' also examined.
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4.2 Methods

4.2.1 Ungulate Resource Use

Resource use patterns of Thomson's gazelle (Gazella“ (thomsoru‘i), Grant's gazelle
(Gazella granti), Coke's hartebeeel (}dlcelaphus buselaphév’)' and wildebeest (Cennochaetes'
taurinus) were monitored during wet (October 1982 - May 1983) and dry (September 1982,
June - August 1983) seasons. Criteria used to disti.nguieh seasons included monthly rainfall
(Figure 2.3), soil moisture-and plant phenological stage. Surveys were cdnducted twice
mdnthly by motorcycle along a 34 km road encorripassing all topographic levels and major
non-riparian vegetetion types. For each ungulate sighted within 200 m of the road, ocular
estimates were made of selected floral and physical characteristics (Table 4.1). Ocula;
estimates were calibrated to.objective step-point u'ansects4 (Appendix 5.1) each month betwken
September 1981 and August 1983. Oculdr estimates required apprommately ten minutes/site,
during which time flora and ground cover located within 25 m of the site cent;e were

consxdered Each site was assigned to one of the hab’(tat types hsted in Table 211 then the _

distance to the nearest water body was qmeasured using a detailed map.

4.2.2 Diet Determination -

Botanical composmon of diets was deterrnmed by microhistological f aecal analyses.
Two faecal collecnons were made for each species; the first during the rainy season (December
1982) and the second in the dry season (July/August 1983). Faecal material-was collected from
four individuals of each species during the wet season. Dry season sample consisted of 8
~ Grant's gazelle and 16 of Thomson's gazelle, hartebeest and wildebeest. Approximately 50 ml
of faecal material were removed from the rectum of harvested animals, dried, then analyzed by
,M Mugambe of Colorado State University using the techniques outlined by‘ Williams (1969)
and Ward (1970). Five shdes were prepared from each faecal sample. Twenty fields/slide were

examined microscopically, yielding a total of 100 fields per sample. A diet item was rmorded if

Y
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Table 4.1. Description of biophysical variables.
Measurement * Description
(Litter, Soll, Grass Percentage of ground cover, viewed aerially.'. :
Shrub & Forb) that consists of each parameter.
Topo-Floral ‘
Leaf Height (cm) Average height of grass leaves, including those
‘ ' on both flowering and vegetative tillers.
Phytomass (g/m?) ~ Average air-dry weight of attached herbaceous
vegetation, litter not included. -
Utilizatton‘(%) Percent of grass tillers exhibiting defoliation
on tillers of the current year. ’
Tree Density (*/ha) Number of Acaca drepanolobium and Balanites
glabra counted withina SO x 50 marea and
multiplied by a factor of four. .
Topogfaphic Level . Topography divided into three levelg‘ r=1,

middle=2, lower=3). Site estimated vis
* according to local drainage. ‘

Distance to .

Water Distance between animal sighting and surface
water (dam or borehole), measured on a
detailed map (1 cm=125 m).

* All measurements excepi tree density and distance to water determined -
by calibrations to objective step-point transects conducted before the
study and continued throughout (see Appendix 5.1).
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two or more identifiable characteristics were observed in a field. Plant identity was confirmed
by c;)mparing fragment characteristics to a reference collection.

~ An assumption of microhistological faecal studies is that the proportion at which
various species are represented in egesta reﬂect the foraging habits of the animal. Although
Todd and Hansen (1973) and Hansen, Peden and Rigce (1973) contend that dissimilarities
between ingested and egested mixtures are minor, Fltzgerald and Waddington (1979) and Skiles,
Kortopates and Van Dyne (1980) argue that grass f orages are over- -estimated by this techmque

because they are more resistant to digestion than are dicotyledons.

i

4.2.3 Statistical Analyses .

Mu}tipie discriminant anglysis (MDA) was used to dctemﬁne underlying environmental
gradients c’qm.ributing to écological separation. This multi-variate approach has been
successfully employed in ungulate resource use studies by Ferrar and Walker (1974) and
Hudson (1976). Environmental gradients which aré most important in discr;min_ating species
(or habitat type) are identified by extracti\ng orthogonal linear functions from the original data
set. Canonical correlation coefficients quantify the relative imponﬁnce of resource variables to
each f uqction. Although certain environmental variables may be shown by MDA to be
important in discriminating 'herbivore species, these variables may not be sufficiently prevalent

to maintain actual ecological separation. Therefore, a subyecuve mterprmmon of resource
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Analysis of variance was also performed on all environmental variables 1o determine

differences in inter-specific resource use and habitat type.

4.3 Results
L

4.3.1 Environmental Gradients

The impact of topographic relief on plant community structure was dramatic.
Proceeding downhill, tree density, leaf height, phytomass, forb and shrub cover increased,
whereas utilization decreasgd (Table 4.2). Rain-induced floral changes included increases in
phytomass, leaf height, grass and forb cover, and declines in utilization, litter and soil cover.

Significant biophysical differences exist among habitat types (Figures 4.1 and 4.2).
Those variébles which contribute most to discriminating habitat types, i.e. tree density, leaf
height, utilization, herbaceous phytomass and forb cover, were highly correlated to topographic
position (Table 4.3). This was confirmed by the primacy of topographic position as a
canonidal correlation coeff icier;t. Expectedly, the man-created boma habitats were distinctive;
characterized by ldw leaf height and litter cover, and high utilization and grass cover.
\\ Floral char simila; to those identified by discriminant analysis. The distribution of

major habitat types (excluding bomas), proceeding downhill, was Treeless Grassland, Bal 8

Gréssland, Balanites- Acacia Grassland and Acacia Woodlandx(Table 4.5).

. "
A
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4.3.2 Resource _.Usé
Partitioning of resources was achieved by specialization in diet and habitat__selection;
These gradients, extracted by discriminant analysis, collectively identified unique resource use
patterns for each ungulate species. (Figures 4.3 and 4.4). On the basis of the primacy of the
first discriminant functions from both topographic-floral and dietary data, secondary functions
were removed, leaving two functions that could be meaningfully interpreted on a 2-dimensional

territorial map. Table 4.6 lists the canonical correlations of environmental variables with each
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Table 43. Pooled within-groups correlations between canonical
discriminant functions and discriminating variables for
habitat types. '

Dry Season ~ ~  Wet Season

DF1 DF2 - DF1 DF2
- Litter Cover 0.10  -0.65 - 010 -012
Soil Cover - 0.01 --0.12 004 = -0.07
Grass Cover =015 - 056 . =012 014
- 'Shrub Cover -006 -0.24 © 007  -003
Forb Cover 012 000 015 019
Leaf Height - 036 © -0.35 - 034 -0.51
Phytomass 031 -024 - 03t -036
Utilization ~  -034 : 043  -023-- 0.81
~ Tree Density . 056 -0.12 . 051 008
* Topography , 0.78 -0.03 087 000
* Water . =023 - 075 -026  -0.36
Canonical . - 789 49 754 266
Correlation |

. Significance ©01 <001 ©01 @01




Table 44. Biophysical description of habitat types.
: d) .

57

Treeless Balanites Balanites-Acacia Acacia Boma
_ Grassland - Grassiand Grassiand woodland
Dry Wet Ory Wet Ory Wet Dry Wet Dry wet
Ground Cover (X)
Litter Cover. 57 29 108 37 113 45 100 49 46 20
SoliCover 171 62 158 79 155 83 167 63 17 53
6rass Cover 772 905 T30 878 724 863 703 867 837 927
_ StrubCover - 00 00 04 02 02 03 ot Of - 00 00
Forb Cover 00 04 O 0S5 02 06 05 16 00 00
Leaf Height(cm) 7.} 122 99 112 - 130 152 153 19| 71 92
Py omass(g/m2) 107.41273 12821240 1543 1605 17351869 1105 107.5
Ufflization(X) 867 420 770 €6 610 356 542 266 966 69.2
© Tree Density (*/ha)5.2 18 154 157 866 S35 1189 890 78 136
Topography* 13 10 14 13 | 28 28 14 14

23 - 20

= | =upper, 2?ti||ddle. 3=lawer
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Table 45 Assodation between habitat types and topographic position.

(]

Percent | Topqgrthic Level .
Observations Upper Middle ~ Lower -
Habitat Types.
Treeless Grassiand _ ,
Dry Season 8.6 7.0 6.1 0.0
Wet Season ‘ 15.3 27.7 ‘ 1.7 - 00
Balanites Grassland - |
Dry Season - 343 . 63.1 28.2 1.4
Wet Season 43.7 57.7 35.4 0.0
Balanites-Acacta Gr. | |
Dry Season 4432 . 8.1, 58.0 69.9
Wet Season 303 6.4 1808 46.9
~ Acacia Woodland S
Dry Season 79 0.0 38 - 260
Wet Season 5.4 12 04 438
Fertile (Boma) :
Dry Season - 6.0 1.7 38 27

Wet Season 53 7.0 125 - 9.1




. ‘ . : DRY SEASON

UPPER TOROGRAPHY | RESOURCE USE
LOW PMYTOMASS, TRES DENSITY & .
0 C & Thomeon's guselle
| ' ' o2 O Grant'sguaelle
s } & Coka's hartabesst
‘ o . ) ‘ O widsbeest

+
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[ 3} " ‘ : '
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DENSITY & LEAF HEIGHT

.

Fxgure 4.3 Res;)urce division of ungulate species during the dry season. Location of spemes

niche cemroxds ( +%;SE) accordmg to-the first canonical variate extracted from f aecal

3

analyses and topo- ﬂoral distribution:

4
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. WET SEASON
UPOER TOPOGRAPHY RESOURCE USE
LOW LEAF HEIGHT X Q
HIGH UTILIZATION C»
: _ ¢ Thomson's gazelle
" T | Cumigmm
050 1 e B Coke'sharteboost
0s in | ' é O Wildebeest
‘ OF1
GRAZER 000 — ' + + — BROWSER
! E55
[y 028 + v < [ ' .
-030 - [ _$0F2 0(%
o7 1
o™X -20 -10 0 10 2 »
LOWER TOPOSRAPHY
HIGHLEAF HEIGHT
LOW UTILIZATION

Figure 4.4 Resource division of ungulate species during the wet season. Location of species
niche centroids ( +/- 2 SE) according to the first canonical variate extracted from faecal

} _analyses and topo-floral distribution.
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discriminant function.

4.3.3 Diet

Ecological separation was apparent at the level of diet selection. Discriminant function
1 represents a gradieht polarizing grass and dicotyledon forage. Grant'sv gazelle foraged,
extensively on dicotyledons, whereas hartebeest and wildebeest pref érred grasses. Greater use
of forbs and C ynodbn" by Thomson's gazelle generally maintained, their di,s'tinctiveness from
wildebeest and hartebeest. ‘ '

Figures 4.3 and »4.4 suggest that dietary overlap decreased in the wet season. Although
each species exhibited similar preferences for many forage species, gazelles pref erred Cynodon.
and avoided Pennisetum. Wildebeest and hartebeest exhibited the opposite pattern in the wet
season. High levels of browsing (both f orbs and Sh:ubs) maintained the distinctiveness of
Grant's gazelle. As in the dry season, considerable dietary overlap existed between.hartebeest
and wildebeest. ' | | ‘
4.3.4 Habitat

'Striking differences exist in the environmental preference of ungulate species’(Table
4.7). Discrirninarif function 2 reflgi:ts é plant cdmmunity,gradiem closely related to
topographic relief . Wildebeest and Thomson's gazelle occupied hilltops (Trbéless Grassland
and Bala}tz'tes Gré.ssland), Grant's gazelle topographic depressions ( Acacia Woodland) and
. hartebeest intermediate areas (Balanftes-)icacia Grassland; Table 4.8). Gazelle species and
hartebeest exhibited an upward migration during the rainy season (Tabie 4@%&0&%&@ for
the gréater amouﬁt of overlap along DF2. Distance to §vater contributed to disér?minant
function 2 in both seasons and indicated that Grant's gazelle and hartebeest were distributed

furthest from water.
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Table 46. Pooled with‘in-groups correlations between canonical
- .. discriminant functions and discriminating variables for

resource use.
DIET (DF1) e -~ BIOPHYSICAL (DF2)
. Dry  Wet ‘ ﬂ Dry - Wet
Season Season Season  Season
Dicots . Ground Cover |
Aerva 0.26 0.07 Litter Cover -0.11 -0.02
Grewia = 035 0.02 Soil Cover = 0.03 0.09 .
~Hibiscus 0.19 0.02 - Rock Cover -~ NS NS
Pavonia 0.22 0.01 - Grass Cover 012  0.01
‘Sida, 012 000  Shrub Cover . -009 -O.11
Selanum 020 000 - ForbCover -0.28 -0.3'5
Chloris -0.09 -0.01 Leaf Height -057 ' -0.65
Cynodon -0.09 0.05 Phytomass - -061 -0.40
Digitaria  -0.11 - 0.02 Utilization ' 052 059
Ischaeum  -0.08 =0.02  Tree Density -061 -047
Lintonia -0.05 0.00-  Topography © -081 -063

Microchloa -0.07 -0.07

Pennisetum -020 -0.10 Distance to :
Sporobolus -0.05 -0.21 water -023. -026
Themeda  -0.20 -0.09

Canonical 978 999 - 633 528
Correlation » :

Significance <0.01  <0.01 - 001 <001
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Table 47. Diet and resource use patterns during dry and wet seasons. D!et‘ary differences
evaluated by St.uqent-Newman-Kculs procedure at p=0.05 level. ‘
T. gazelle  G.gazelle  C. hartebeest Wildebeest  Significance<
Oy Wet DOry Wwet DOry et Dry Wet Dry - ‘Wwet
DIET
DICOTS _
Aerva 04 03 30.2 160 00 00 00 14 A A
Grewla 09 05 86 02 ol 00 00 00 A NS
Hibiscus 03 00 40 73 02 00 00 00 A ‘NS
Pavonia 16 07 170 00 00 00 06 00 A NS
Sida 06 00 24 02 00 00 02 02 A NS
Solanum 07 10 11.0 146 ol 00 01 04 A NS
i A
Chloris 52 45 00 00 ‘32 16 49 5.3 8 B
Cynodon 30 135 0.0 155 35 14 47 47 A NS
Digitaria 70 75 01 57 102 S| 1.7 24 A NS
|schaeum 09 33 00 29 82. 6.2 32 42 o NS
Lintonia 29 S8 04 22 12 23 35 53 NS NS
Microchloa 55 21 01 w4 39 48 100 7.8 D |
Pennisetum 11.7 00 00 00 149 134 129 97 A GH
Sparobolus 42 53 00 86 09 21 42 184 - E |
Themeda 38.2 40.8 25 106 346 484 252 25.1 AF EJ
BIOPHYSICAL
Ground Cover v
Litter Cover 103 40 103 40 .104 39 92 08 NS NS
SoilCover - 167 7.7 149 75 155 7.1 142 74 NS NS
- GrassCover 721 B7.7 736 87.4 736 88.0 76.6 89.1 NS NS
Shrub Cover 03 02 02 04 03 0! 00 Ol NS NS
~Forb Cover 02 04 03 0.7 0.t 0.7 00 07 NS K
« 0y
Leaf Height 102 11.6 130 144 125 143 . 9.7 127 DK K
tomass 12961303 15941437 147.7151.7 26.8133.9 DK H™
Utilization 754 49.3 624 36.6 642 38.9 766 453 BL K
Tree Density 47.3 22.1 819 35.1 58.0 41.6 289 21.7 AD KL
Topography 18 15 23 18 19 1.7 15 15 BL BL
- Water 1697 1293 1958 1445 1872 1537 1652 1374 NS NS
Tyalues (arcsin transformed) expressed as percent of total dietary observations.
' 2T-Thomson's gazelle, 6=Grant’s elle, C=Coke's hartebeest, w=Wwildebeest
(NS)NOT SI6. - (A)G=T,C,Ww  (B)6=W,T ©)C=6,W,T (D)Ww=CG (E) w=C
(F) w=C,T (G)T=wW,C (HY6=W,C Mw=TC6 (NG=TC KYT=C,
we=wr - MT=C



Table 48. Association between habitat types and ungulate distribution.
. , _

Percent Thomson's Grant's Coke's wildebeest
Observations gazelle gazelle hartebeest

Habitat Types.

- Treeless Grassland ‘ _
Dry Season 8.6 12.1 3.2 5.3 113
Wet Season 15.3 17.2 11.6 11.0 218
Balanites Grassland |
Dry Season 343 40.3 143 28.0 528
Wet Season 43.7 505 326 39.0 46.0
Balanites-Acacia Gr.
Dry Season 432 . 347 50.8 58.7 32.1
Wet Season 30.3 228 399 37.5 28.7
Acacia Woodland | : o
Dry Season 19 56 190 5.3 1.9

~ Wet Season S.4 2.8 10.1 - 8.1 2.3

Fertile (Boma) | :
Dry Season - 60 6.5 127 27 1.9
" Wet Season 5.3 6.3 5.8 37




4.4 Discussion

4.4.1 Environmental Matrix

The catena is a prevailing feature of African grasslands where topograpHrc rehef occurs e

( Anderson and Talbot, 1965; Anderson and Herlocker, 1973). Although vertxcal reljef it A‘tg:%' '
study area seldom exceeds 50 m, n was sufficient to influence th;e dxsmbuuon of,sorl ng N
(Reed, 1983) and establish a gradient in soil moisture (Stelfox, unpubl ). l’rqceedmg d&vnhlll
the catena was characterized by an increase in leaf height, herbaceous phytomass. tree density
and forb and shrub cover, and a decline in grass utilization.

) Habitat types, identified by density and,presence of tree specrcs were highly correlated
to topographic position. Since habitat overlnp on the topographic gradient was minimal, this

classification scheme offers a quick and simple, though meaningful, way of characterizing the

biophysical resources of native ungulates.

44. 2 Diet Selectlon
Forage selection accounted for a consxderable level of ecological separation among the

ungulate species. The results largely confirm that wildebeest and hartebeest are grazers
preferring bulk anrl ronghage, while Thomson's and Grant's gazelle are intermediate feeders |
foraging on both grasses and browse (Hofmann, 1973). The amount of browse in the diet of
Grant's gazelle significantly exceeded that of ThomsOn‘s gazelle. Other studies indicating that
hartebeest and wildebeest forage exclusively, or predomipantly, on grasses include Lamprey
(1963), Casebeer and Koss (1970), Stewart and Stewart (1970) and Owaga (1975). Preference
for dicotyledons by Grant's gazelle has been reported by Talbot and Talbot (1962), Stewart and -
Stewart (1970, and Spinage, Ryan and Shedd (1980).

L]

In the wet season, when all species relied extensively on grasses, gazelles remained

distincr from the bulk grazers; i.e. hartebeest and wildebeest, by selecting Cynodon and avoiding

Peﬁm‘setum. Distribution of Cynodon, recbgnized as a preferred forage species in East Af rica



,_vh'e

_dicots in the wet season diet of wildebeest.

(Pratt and Gwynne, 1977), was largely restricted to boma habitats where inputs of nitrogen
and intense utilization and trampling provide a cornpetitive advantage to this prostrate
perennial (Chapter 6). Studies of these fertile ﬁ‘indicatcd that gazelle use was significantly
higher at lmmas than in surroundmg rangeland (Table 6.6). Small patches of Cynodon,

confined to the proxrmnty of ’borﬁs may be less suitable for the grazing movements of the

‘larger herds of hartebeest and wildebeest. As cattle populations on WRR are reduced to

éﬁcourage wildlife, the eventual loss of "fertile” areas may remove a umque habitat providing
ecological separation of gazelles and alcelaphines (ha.rtebeest and wildebeest).

" Consistent with the findings of this study, intake of b?fiwse has been reported to
increase in the dry season for Thomson's gazelle (Bell, 1970) and Grant's @zelle (Stewart and
Stewart, 1970). The relative amount of grass and browse in gazelle diets is determined
primarily by forage phenology. Grasses are most desirable duri;g_ early growth stages before

tissues lignify and protein levels and digestibility decline (Van Soest, 1982). High

concentrations of digestibility-reducing agents such as condensed tannins are thought to

. discourage use of browse when nutritious grasses are available (Reed, 1983). In the dry season,
©g

sbrowse is comparatively hxgh in protein and digestibility, providing better forage than mature

‘ ""grasses consisting primarily of fibrous supportive tissue (Jarman and Sinclair, 1979).

Sigrlif icant declines in the dry seasof nutritional value of grasses, as evaiuated by protein and

acid detergent fi iber, occurred in the study area (Chapter 7; Reed, 1983). Growth flushes of

&

woody vegetatmn in late dry season provide high protein forage during a time of critical nqed

(Rushwor'th 1975).

aw b
Most forbs located in upper topographic areas were ephemeral, existing (5} cﬁﬁy a short

. time early in the rainy season. Presence of these species in wet season faeces may not indicate

selectrvrty but rather use proportional to availability. This would explain the higher percent of

£l

Dietary overlap3 at the plant species level, is not convmcmg proof of competrtron for 1

food. Gwynne and Bell (1968) have documented partmomng of ungulate forages at the level

‘r
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of plant part (i.e. sheath leaf and stem) for wildebeest, zebra -( Equus burchellz) and top1
(Damaltscus korrrgrqn) Facral conformation rnfluences ungulate f oragmg strategies by
., affecting /access to and procurement of herbage (Leuthold 1977 ngdon 19»8‘?2). In general, ..
| smaller ungulates possess narrow mouths that ate adapted for selectmg small though |
| R nutrmous plant parts Contrastmgly, large herbrvores are equrpped w1th-dent1tron enabling
: raprd mgestron of undrff erenttated forage of low qualrty " This morphologrml trend maslr also
occur wrthm small srze Rs"‘?br example ‘the wide flat muzz.l’e of wndebeest is surted to
| ; homogenous swards of- low growrng grasses whereas the relatrvely narrow mouth of the smaller .
R hartebeest is adapted to selectrng rndrvrdual leuves from tall grass trllers ‘ | .

/ .
Since frrst populanzed by Vesey Frtzgerald (1960) numerous studres haye shown that
, the f oragrng patterns ol' one specres may improve the plant commun‘y for subsequent
| herbrvores ThOmson s gazelle in the Serengetr ecosystem pref er areas prevrously supportmg -
wrldebeest whose grazmg greates a short grass sward exposmg nutrmous herbs and encouragrng
L actrve regrowth of prostrate leafy grasses e arman and Smclan 1979) - This example of
'J resource f; acrhtanon might explam the close topographrc association recorded by these two

| : speciesln thrsstuc_ly.:,

4, 4 3 rstnbutrons along the Catena . Co e

“n

Topography, by aﬁiectmg ungulate mobrhty, forage qualrty and heat balance appears '

to: det rrmne patterns of resource use wrthm the ungulate commumty By resrdmg in the valley _

..Jarra_. s

: ‘;“ ' bottoms ant’ s gazelle 1mprove therr access to the browse Specres whrch dornrnate therr dret

N\

Hartebeest P ' er lower hlllsrdes whr,ch are dommated by ta'll grasses Upper areas

G charactenzed " t/-utdrzed and low growmg herbaam}s vegetatmn are suried toihe
PRI : 4

foragrng pref erences of wrldebeest and Thom‘on s gazelle nterestmgly, those Specres

most srmrlar food pref erfnces at the specres level i. e Thomson s and Grant $ gazelle and

hartebeest and wrldebeest were most drssumlar in’ topographrc drstnbuuon The greatest

s amount of topographrc dretary overlap exrsted between Thomson s gazelle and‘wrldebeest .

B
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thh the onset of the rainy season, ungulates exhtbxted -an uph111 mtgratlon tncreasmg
the degree of specres overlap along the topographtc gradrent &Ingulates appeared to avoid

lower tOpogI'apth levels in the wet season because of poor footing caused by swollen clay soﬂs

Reducedzlq‘l’lobthty may m tum predrspose ammals to predanon In support of this hypothesrs,\ , :

ﬂjght drstances of antrnals observed in valley ‘bottoms dunng the rarny season were nottceably

~h1gher (Stelf ox; unpubl ) High sand content of eluvral upper level sorls would not encumber

‘ movement Studies by Talbot and Talbot (1963) and Anderson and Herlocker (1973) have also

documented that large herbrvores avoid heavy textured sorls during the rainy seasom. . .

As the morsture deficit intensifi 1ed in the dry seasoq,ammalsyre@bserved to move

\down the catenary sequenee Undoubtedly, this movemenudp'be uﬂgrete@ as’ an eff ort to -

relocate in areas where grasses have not been depleted and where dtcotyledenous plants are &

* more common I beheve that anrmals were also seekmg trees, parttculanly Balamtes for shade “

f rom intense sunlrght Shading behavrour was comrnonly observed between 1200 and 1700 h
dunng the hotter months €] anuarY/February/March) for alt specres except Grant 8 gazelle

Related to heat tolerance Grant s gazelle were located furthest from avatlable surface

B water. _This specres 1s Xetic m,dtstnbutton (ngdon ~ 1982) and mpable of fulftllmg its water

: traqulrements from sucqulent f orages and hygroscoprc plants (Taylor 1968). \The concentrated

N
[y

¥ A
nﬁé K rant Mﬁ:@ prevents excesstveWater loss (Hofmann, 1?73)

.444Imphcattonsfor Managetnent ‘; S e , - m‘

Problematrc range. condmons at WRR mclude the accumulatron of senescent phytomass
i valley bottoms and overutthatron of hrlltops These related featur&es reflect an unevEn
dtstrrbuttbn of herbrvores Faotors contnbuttng to th1s imbalance-include the earlier floral

‘ green up: occurmg along hrlltops and ndges (Table 7 2) and 1mpa1red mobthty caused by

swollen clay sorls m the depresstons Once a gradrent*zin phytomass has ,been estabhshed by
A - el

- uneven f oragmg pressure excessrve htter perpetuates the problem Gtven time constraints, 1t is

reasonable that herbrvores would av01d areas where palatable f orage can o@”&:obtatjteg by
‘ l"{ Con ' . . - " SR " ‘@ -
U o o R [N - “ -t ”,r’."n.’ ;:“'ﬂh" , 'l‘vZ ’ :

-

va
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. sorting through a physical barrier of vegetatrve litter. Not until the dry season, when hilltops

“and upper slopes have been denuded of herbaceous vegetatton does the collectrve ungulate
commumty forage extensme}y in lowlands. Dechnes in body condition late in the dry season, as
_ recorded for Thomson s'and Grant' J grazelle (Chapter 7) empbhasize the teduction in forage

b quahty and the necessrty for altering foragmg strategres Lower topographrc grasses such as

: Ischaeum Penrusetum and I:mtoma prosper under condrtrons of relaxed herbivory and areof ° |

poor nutntronal value (Reed, 1983) A higher level of defohatron can stimulate primary

productmty and mcrease f orage quahty by maintaining a high shoot/root level, hormonal

i redistribution improved light penetration and nutrient recycling (McNaughton, 1979). Hrs

) studres in the Serengeti indicate that moderate levels of defoliation are required to maintain '

forage quahty (i.e. leaf/stem ratio), spe(ues diversity and the presence of prostrate grazophils.

* x

It follows, theref ore, that a pnmary goal of WRR management is to encourage more even .
f oragmg pressure ‘ S ’ \ ‘

Research on prescrtbed. burmnﬁ (Chapter 5) demonstrated that f ire. can eff ectrvely
suppress topographrc -floral gradrents such as dead phytomass and encourage a more even

- distribution of native ungulates. By oﬁenmg up more ‘available ha‘vtat burmng could mcrease

- populatron levels while provrdrng needed dry season forage. 'Smce-ftre increases mortahty of

‘_shrubs and trees (Buechner and Dawking, 1961; Phrllrps 1965 Langlands, 1967; Scott,” 1971), a . ‘
regular burmng program may be deletenous to browsers such as Grant % gazelle and giraffe
(Gira ffa Camelopardalis); By -reducmg envrronmental vanabrhty, fire may aetuahy increase

| inter- specrfrc overlap m TESOUTCE USE. | |

An- alternative strategy fi or removmg f 1brous grasses is to increase zebra’ populations.
Equg(s by hature of therr monogastrrc drgestrve system, may requrre more forage than
rurmnants of equal werght (Foose 1982) fTo compensate for increased intake demands zebra
‘.forage unselecttvely, often or#rank grasses (ngdon 1982) Compansons of foragrng
{ .

: strategtes indicated that zebra drgesta contamed lower levels of protern and higher amounts of

fiber than several rummant species (Hoppe.. 1977) gn the Serengetr ecosystem zebra are the

»

&
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first species to rnove down the-catena and utilize coarse forage (Bell, 1970). By reducingfeaf

v

height and encouraging regrou/th, their foraging-activities encourage down’ward.migrations of

~——

~ wildebeest and Thomson's gazelle. o ’ ‘. o
4 5 Summary
Dlsunctlve resource 1yse pattems of Thomson's gazelle, Grant's gazelle, hartebeest and
wildebeest were identified. Thrs is not to 1mp1y however that ecological overlap was absent.

Each specxes exhlblted pref erences for a umque set of biophysical resources, while dlsplaymg

. consxderable flexrbxhty in occupauonal patterns as they responded to changing env1ronmenta1

<

‘ condmons As .emphasrzed by Walker (1979), it is the adaptability of native ungulates which

e

Ry

encourages even use of .a- broad spectrum of resources in'space and time. Envuonmental
parameters 1mp6rtant in segregating species included a topographxc floral gradlent and the

relatwe amount of dretary grass and browse Awoxdance of wet élay soils may have resulted in

preferences were most wid ely parated along the topographmc grgdlent
A proposed habltat classification scheme was shown to be blophysmally meamng{ul

Those envrronmental gradients discriminating habitat types, i.e. topographrc posmon tree

density, leaf height and uuhzatxon, etc., were srmrlar to ones maintaining ecological separation

l

of ungulate specxes It would appear that resource managers can theref ore evaluatg Tesource )
availability for each ungulate speCtes by momtonng habitat types LR E

Accumulanons of undrgesuble plant litter is thought to dxscourage ungulate use in
valley bottoms Prescnbed burning programs and a larger zebra population are two managenal

opuons that could reduce lxtter ﬁytomass and encourage more balanced use of resources

Although promotmg gher bromass densmes of w , a more homogenous envrronment
7

b

'y



would likely increase inte

community.

ol

r-specif it competition and encourage a less diverse ungulate

win
i

7
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Chapter S
Effects of Fire and Topography on the Athi*Plains Ecosystem, Kenya
)
5.1 Introduction
Fire is an historic force that has shaped and mamtamed African grasslands (West,
1965; Scott, 1970). Its magmtude is indicated by the prevalence of fire-adapted plants and the
drastrc changes in vegetation which often accompany fue suppression (Heady, 4960). This has .
lead to the behef that much of A}nca 's grasslands are in a fire-deflected subclimax state '
.'(Glover 1968) Despite numerous studies, effects ogfue on grassland ecosystems remain
. controversml (Thomas and Pratt, 1967). Much of this uncertainty reflects regional or local
‘ ,drf ferences in meteorology flora and fauna (Lemon 1968) yet some can be attnbuted to
rnadeQuate quantification of the fire and to the use of diffi erent criteria for evalu:tron .
(Daubenmlre 1968). - L ;
All too often, the effects of range fires are related to the fire event itself and not to the

relevant processes (Trollope, 1981) To gain a deeper understanding, it is 1mportant notto . -

view f ire as an mdependent agent, but rather as a factor whrch affects and is affl ected by other

eomponents of the ecosystem. Recent contnbu‘uons to thrs approach are provrded by

_/..?Norton -Griffiths (1979) and Pellew (1983). ‘e ‘ e
- S
= On the landholdings of Wildlife Ranching an?l Research L., topographxc,grﬁl'en@)n

piant community structure are thou‘ght responsrble for unbalanced resource use by ungulates
(Chapter 4). Vegetation features in topographic depressrons whrch drscouraged grazers o
included accumulatrons of grass litter, grasses of advanced phenologlcal stage and high tree
densr’ty Two experimental prescribed fires were co’ﬁducted to quantrfy the effects of fire 0n :

+

- grassland commumty structure, f orage producuon quality and uuhzatlon tree mortality and

J‘

ungulate drsﬁrbunon The effects of topography on local flora and fire behaviour were alsj

documented.

&
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5.2 Methods

Two experimental prescnbed fires were conducted. Fire A was used to elucidate
interrelatlonshrps between fire, plant community structure and animal dlstrtbuuon Fire B was
planned to demonstrate the use of fire asa management tool fogjinducing tree mortality,

reducing litter accumulation and broadening animal distributions. The following methodologies

pertain to Fire A, except for the last section on ungulate distributions which refer to Fire B.

5.2.1 Fire Description

The prescnbed f ire at Site A (17.5 ha in size) was conducted between 1200 and 1400 h
on 21 September 1982, approximately three weeks prior to the onset of the Hny season. At thns
time grass was completely cured. The literature suggests that late dry-season fires are preferred
g :in AfricaéWest 1965; Van Rensburg, 1972; Edr:)ma, 19"84).' By exposing the soil surface to
wmd 4nd sun for extended penods fires conducted earlier in the dry season can lead to
excessive soil erosion and desiccation (Cook, 1965), whereas wa.mng until photosyntheuc

activity has begu'n can depress post-fire productivity d increase grass mortality. Both burn

and contxguous control sites were 250 X 700 m length oriented from the top to the

bottom 6f-a topographxc gf”ﬁdtent Atﬂemperatun: relatxve humidity, wmdgspeed and cloud mier s
\ .

. @
© cover were recorded during the burn. Wind speed was measﬁred\wrth an instantaneous

g T gy
hand-held anemometer located upwind of the fue at a height of 1. 2 m\above ground Wmd
direction was determined by orienting the anemometer until maximal readings were record&l.
Air temperature and relative humidity were monitored by a hygrothermograph located four km
from the fire. Cloud cover was estimated vrsually Ignition began along the lower edge of the
fu'e area and progressed upslope in the direction of the prevailing wind. Head fire 1gmtron was
chosen \(ccordance W1th Trollope s (1978) findings-that backfires depress gtass recovery and’ -
produetlmy The fire area was dehneated mto three equal segments (upper, middle and lower) /

and the time- requued for each third to burn was recorded. Areas where wind and/or fuel were

insufficient to sustain fire spread were reignited.’ LR

«
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Three random 0.5x0.5 m plots were clipped of standmg crop and lltter 1mmed1ately
before and after the fire for each of the three topographic levels on the s1te-to determme the
amount of material combusted. These samples were dir - dned to.a coristant wetght (a drymg
oven was not available) then corrected for res:dual moxsture to estlmate oven-dry weight using
the equation given by Noble, Bary and Gill (1980) for grass fuels: i

= (97.7 + 4.06°H)/(T +6.0) - (0.00854°H) + 3000/C - 30.0
where M =fuel moisture content (%), H=relative humidity (%), T= air temnewe .(‘C) and
C=degree of cuting (%) The appropriate values at the tinte» of weighing, f oliowing air-drying,
were T=28"C, H =42‘Z, and C=100%, yielding a fuel moisture content of 7.75 pe'r'e.egt\ .
Frontal fire intensity for each topographic level was determined according to Byram's
(1959) formula (after Alexander, 1982):
I=H*w*1/60
where I is frontal fire intensity (kW/m), H=low heat of combustion, w =weight of fuel ‘
consumed (kg/m?), and r=rate of spreadv (m/min).
I ' . . F
'5.2.2 Plant Commumty Structure ‘ X o : ’
For both burn and control sites, 3 random 0.5x0.5 m sa.mples were chpped monthly at B
each topographic level to momtor phytomass and air-dry moisture content In August 1983
three r’andomly located 0.5x0.5 m samples were collected from each of the six sub-sites to n
measure nnattached litter phytomass. | ’
Three 1x1x1 m randomly located exclomres were established in the conttol area at each
topographic level to momtor pnmary productxvxty The same was done for the burn area.
except that two replicates were used. At the onset of the study each exclosure was clipped to a
2 cm hetght and all phytomass was removed. One year after the fi ire treatment the phytomass |
in the exclosures was rechpped to determine primary producuvny These samples were anal&

by Norwest Feed Research Ltd, Edmonton, Alberta Canada for protem fxber hgmh ash, ©

calcium and phosphorui Neutral detergent f xber T xber and pr e'

-

o
]

.
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" to methods outlined by Horowitz (1980).
Step-point transects were conducted between September 1982 ‘and March 1983 and in
June and July 1983 to quantify the floristic composition and physical struciure”of the plmt ’
community in both sites at each of the three topographlc secnons A thm incremented plp was '

A *

lowered to the ground at each of 25 steps along eight uansects ongmatmg at a gt tral i(a‘k’; and"-A

bearing on ordinal and subordinal directions yielding a total of 200 points pfi 'l,ihg site.
At each pomt data were collected on species composition, uuhzauon and . This

, ‘.
technique is a form of point quadrat samplmg and is descnbed by Evan e (1957) and,

evaluated by Walker (1970), Mueller- Dombois and Ellenberg (1974) aﬂl B
aw)ond observer blas each transect was traversed using a compass Wmm not looking at
he ground when proceeding from one pomt to the next
Ocular etimates of herbaceous cover, phytomass, -utilization and leaf height were
conducted prior to stép-point transects. Rangeland within 25 m of the central stake was
evaluated by traversing the area for 10 minutes on foot. These calibrated estimates enabled
quick and accurate characterization of the plant community for ungulate resource use (Chapter
4) and body condition studie.; (Chapter 7). .Appcndix 5.1 indicates the accuracy of ocular‘
estimates as compared to ObJOCUVC step-point transects.
. Fire-induced tree monahty was estimated in August 1983 Eight circular plpts wnh
| diameters of 50 m were placed at 100 m intervals across the topographic gradient of both burn
and control sites. Within each plot, all trees were categorized according to the portion of their
crown which was dead. , ¢ o \ y, |
~ .
5. 23 Ungulate Dlstnbutlons Fire A, I
* Counts were d’onducted frequently (>20/u‘10nth) to quantify the number and
,tcpographjc location of patiVe ungulage species on the control and burn site: Using a

moiorcycle, it.‘was? Qmsible to traverse the firebreak stparating the burn and control sites and

.
a
€,



- 5.24 Ungulate Distributions Fire B
Tla; second ﬁre was conducted belween 1100 a,nd 1700 h on 30 and 3l March 1983 to
determme the eff ects of a la,;ge bumed area (1120 ha) on animal dnsmbutions As percewed by
~ Ranch managefnen't undesnable features, of the vegetauon in this area mcluded high densities
| of the tree Acac:a drepanolobmand excessive nccumulanons of litter. The fire was conducted
late m Lhe dry season to encourage a hxgh peroentage of tree mortality. Norton~Griffiths
‘ (1979) has shown that late dry season fires dre more damagmg to trees than ones conducted .

o
7

earher.

‘\.\\\ . @ .

Ignition occurred dlong the eastern border of-tl e and proceeded as a head fire
under the influence of a westerly wmd Fire spread was fret uent.ly inhibited in the sparse
vegetauon along h111tops. necessitating re-ignition. An existing road network provnded a
firebreak along the western, southern and eastern bounderies of the fire area.This 7. 15 km road
section served as a Survey route to study ungulate distribution. All within 200 m of the,

road on the bumed and unburned sndes were counted. Surveys Jpre conducted twice monthly

for four months pno‘}\tg and then repeated bimonthly dunng the four months following thr-

* >
fire. : ) :
. : HALN ’ ‘ A v "
/ v T8
/.J
5.3 Results ) ' ' ’

All data described below were collected from Fire A with the exception' of supplemental
informatién concerning ungulate distribution. | . -
5.3. 1 Weather and Fire Characteristics o . *

Dunng the burmng penod air temperature mcreased gradually relauve huxmdxty
decreased and ‘




~

»

. Table5.1. Weather _obsér\}a'tiqns recorded during Fire A.

v

—

= Air  Relative "~ Cloud  Wind  Wind
~ Time  temperature’ humidity = - cover speed  direction- -
m= - o ®. (®  (km/h) |

[ a

,.D .

1200 -, 24 - 54 45
1230 - 24 . 52 -~ &
1300 .25 .50 .. SO.
1330 = 27 46 . 60
1400 '28. 42 . S5

- B

L

N~y uno
(J)]
=

" mean | 2. . 49 51
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f or the three topographic levels of Fire-A

i N

!

-

~Table S 2. Physlcal fuel characterlstics and f Ire impact on rangeland fuéls

\\

_ Posttion Fuel moisture Preburn fuel -Posfburn fuel Fuel reduction

) -onsllope _ content * (R) load(kg/m ) (kg_l'mz) _ (R)
Upper 99 0186 (0S5 0gBI (01 565 1
Middle . 87  0361(068)  0.111(004) 69.3
Lower 78 0.295 (023) . 0083(025) 720

% Estimate based on Noble et al. (1980)

ol Standard error of the mean.
. 2
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~Table S.3. Component variables and calculated frontal fire lntenslties for
the three topographic Jevels of Fire A

Position  Heatof ~  Fuel Rate of Frontal

on slope combustion® consumed  spread  fire intensity
(kJ/kg) (kg/m2)  (m/min)  (KW/m)
Upper 18462 0.105 3.84 124
Middle 18491 0250 612 472
‘Lower 18513 0212 106 706

* #Represents standard low heat of combustion of 18,700 kJ/Kkg reduced 24
kJ/Rg per moisture content percentage point (Alexander, 1982).
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- relative humidity decreased as the active flame front proceeded uphin. It was estimated that

il

between 85 and 90 percent of the Fire A site was burned over.
i v
5.3.2 Plant Community Structure
- On the control srte phytomass increased and plant moisture content decreased down the
mtenary sequence (Figs. 5.1 and 5 2). On the burn site, topographic trends in these parameters
- were not apparent Relatlve to the control, phytornass was lower and moisture content was
higher on the burn, although the diff, erence beCame less pronounced as the study progressed
As determmed by step- pomt transects, leaf height mcreased and utilization ecreased for both

sites wrth a drop in topography (Figs. 5.3 and 5. 4). The disparity was ‘much less-on the bum

* Litter phytomass was approximately four trmes as high on'the control site and mcreased o

signifi‘cantly with a drop in-topography (Table 5.4). Litter was uniformly low throughout ‘the
burn site. Primary productivity was not influenced significantly by the burn true’atment or

_ g : ,
topovgraphy (Table 5.4). The low number of exclosures used in this study may have contributed

to this observation.

5.3.3 Plant Nutrient Quality
The nutrient content of current year's growth did not differ vgreatly with treatment or
- topography (Table 5. 5) Of the seven parameters tested, the only significant differences were

higher protein in the control site and higher phosphorus and protem in the upper topographrc

. levels. ‘Treatment and topographic effects were not apparent for neutral detergent f iber, lrgnrn,

as.h and calcium.
534 Plant Species Composition , : ~

" The effects of frre on specres composrtton were based on the last senes of transects
completed in July 1983. On the control, the low growing specres Themeda and ngttarza

decreased down the catena, whereas the tall and stemmy Penrusetum and Ischaeum increased.
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Table 5.4. Effects of fire and topography on litter phytomass and primary
productivity.

%, }
Litter (¢/m?) Productivity (g/m2/yr)
N X se N X . se
Bumn | | »
Upper 3 240 23 2 437.6 122.8
Middle 3 31.0 38 2 551.4 3.0
Lower 3 32.0 S.0 2 313.6 28.0
Total 9 29.0 26 6 4342 543
Upper 3 56.0 100 3 5945 31.2
Middle - 3 138.7 26.7 3 419.5 770
Lower 3 150.7 20.1 3 355.3 87.1
TOTAL 9 115.1 189 9 4564 498
Anova '
Treatment 1 <0.01 . | NS
Topography 2 .01 NS
2 <0.05 . 2 NS

Interaction

o
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Table 5.5. Effectsof f ire ang topography on plant nutrients.

Protsin  NDF  Lignin Fiber Ash  Csicium Phosphorus
(%) (%) (%), (X) « (%) (%) (%)

N X se X se X se .X se X se X se X se

\

. | \
Uper 2 4502 73920 770452215 11810 & 04 .16 o1
Midle 2 3601 72812 7501 54114 12416 35.16 060
lowee 2 3702 73318 7309 54107 12305 3506 .10.02
Tasl 6 3902 73308 1503 S34 11 12405 3903 .11.02
Uper 3 5802 ;8.9 03 6403 47801 11003 4 03 .18 0!
Madle 3 3602 Y0410 8304 51225 13204 38.02 090
lowsr 3 4402 72211 17603 S3805 13314 52 .06 412 01
Tsl O 4603 71205 7403 S09 11 12405 44 .03 43 O
Anga '
Treatment <001 NS NS NS - NS NS NS
Topography  <0.01 NS NS NS NS NS «0.01
NS NS NS NS NS

interaction <0.05 NS

L 3
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Although major changes in species composition were not indicated, it appeared that the

topographic disparity was less pronounced on the burn site.

Pal

4

5.3.5 Tree Mortality

% Relative to the control site, above-ground tree mortality was higher in the burn; Acacia
drepanolobium, 43.3% (Burn), 6.6% (Control); Balanites glabra, 16.7% (Burn), 5.8?’0
(Control). It is assumed that the difference in tree mortality can be attributed to the fire
treatment. On the burn, mortality intensified with a drop in topography. Whereas 31.4% of
the control trees showed no cvid;nce of damage, only 4.9% of the burned trees were in a similar
state. Of those Acacia whose aerial phytomass had been totally killed by the fire, over 82%
exhibited some coppice regeneration near the base of the tree. This regrowth seldom occurred
for trees which partially or totally survi\;ed the fire, Accum;xlations of dried grass beneath
Acacia, the result of grazers avoiding the long ﬁoms of this low growing tree, resuited in
localized flare-ups ;hat allowed the fire to penetrate the tree crown.
~ 5.3.6 Ungulate Distribution

During the 3 week peridd following Fire A and prior to the onset of the mid-October
rains, ungulate density was marginally higher on the control site. Immediately following the
* rain-induced green-up, wildlife were significantly more numerous on the burn (Fig. 5.5).
Coinciding with the rainy seasons of October <December and February-April were substantial
increases in the numbers of gazelles counted on the burn site. In decreasiﬁg abundance, the
species were Thomson's gazelle, Coke's hartebeest, Grant's gazelle and wildebeest. With the
exception of wilde.beest, w.hich appeared to avoid both treatment and confrol sites, this trend
reflected the Ranch "s population level of eéch species.
On the control site, ungulates preferred upper levels during the wet months, while

shifting to lower areas during the dry season (Fig. 5.5).' Mon\thly imgulate surveys between

1981 and 1983 for the entire Ranch revealed similar topographic migrations (Chapter 4).
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Contrastingly. animals were more evenly distributed across the topographic gradient on the
burn site. |

At Site B prior to the burn, ungulate numbers were similar on the burn and control
survey strip. During the four months following the treatment, ungulate density was
significantly higher (p<0.01) on the burn strip (Table-5.6).

VL
!

5.4 Discussion

Topography exerts a marked influence on vegetation. Proceeding downhill, increases in
tree density, leaf height, litter and phytomass, and declines in utilization were conspicuous.'
These resul£s are in agreement with other studies at WRR (Chapter 4; Reed, 1983). In that
'precipitatioﬁ is considered the primary determinant of plant community structure and
productivity in semi-arid Africa (Pratt and Gwynne, 1977; Tinley, 1982), these
topographic-floral trends could be viewed as responses to soil moisture. Other factors being
equal, increased availability and longer residency 6( soil moisture should enhance primary
productivity in lower areas (Jarman and Sinclair, 1979). However, grass growth on tht; control
site did not concur with these expectations; productivity declined margidally with a drop in
iopography. Furthermore, since all litter was removed from exclosures at the beginning of the
experiment, it is probable that productivity recorded in lower areas was unrepresentatively high.
Studies l?y Kucera and Ehrenreich (1962) and Hulbert (1969) indicate that excessive amounts
of litter depl@productivity, presumably by shading sunlight and intercepting precipit="ion.

That productivity failed to explain topographic trends in phytomass emphasizes the
importance of grazing. Disiribution 01: cattle on the Ranch favors upper areas where grass is
ger;erally more nutritious and herdsmen do not have to contend with dense stands of thorny
~ trees. Exéccrbating this disparity are the preferences of Thomson's gazelle and wildebée’st for
- upper topographic levels on the Athi Plains (Chapter 4; Owaga, 1975; Reed, 1983).‘
Collectively, these three species comprise over 85% of the ungulate biomass at WRR.

McNaughton (1979) contends that grazing stimulates grass praoductivity by enhancing
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. Table 5.6. Effect of Fire B on distrubutlon of native ungulates
. (values represent number of sightings of animal groups).
v B
‘ BunStrip ~ Control Strip T2test
N X s X se
Before 8" .76 15 . 60 14 NS
Treatmgnt, S o '
CAfter 8 125 20 51 10 001

i Treatment
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photosynthesis, tillering and nutrient recycling and by improving light conditions. By

.,/'\ 95

‘maintaining.upper areas relatively free of litter, moderate grazing pressure can encourage grass
" growth by reducing competition for space, light and water.. The input of urea into the soil
from ungulates may be particularly important, as nitrogen commonly limits productivity
throughout semi - and Africa (Whrteman 1980). In support, grass protem levels were highest
in the upper levels of the bum and control sites.

From the above observations it is proposed that topography, by affecting such factors
as ungulate mobility, f orage quality and heat balance, mfluences patterns of resource use
within the ungulate community. Frrst ungulates may avoid lower areas during the wet months

| because slippery conditions prevent firm footing and reduce escape speeds Unlike the sandy
hilltops, the clay-_dommated depressions become swollen and sticky when wet, nonceably
encumbering movement. Talbot and Talbot (1963) and Anderson and -Herlocl_rer (1973) -
| indicate that large herbrvores avoid heavy textured soils during the rainy season. o
Secondly, the relaxed level of grazmg in depressrons during the rainy season enables
grasses to progress to'a tall senescent stage. This phytomass accumulates as litter which chokes
new growth (Heady 1956) Mature grasses are generally avoided by grazers since they are / _/
coarse, unpalatable and mamtarn lower levels of morsture protem and digestibility than new
growth (Afolayan and Fafunsho, 1978). Unéulates grazing in depressions would need to/ be
highly discriminatory‘and unconstrained“by time to sort through large amounts of un}jalatable
litter to find and ingest suffi 1crent forage "In the Serengeti, McNaughton (1979) cor/rcluded that
tall stemmy grasses are favored where grazmg mtensrty is low since they can cor}rpete more =
eff ectively for light by over.toppmg more prostrate species. Low- growing stolomferous plants |
. are better adapted to intense grazing since the aprcal meristems are protected from herbrvory
and they reproduce vegetatively. This was precisely the pattern recorded Digitaria, a prostrate
pq‘renmal Was co- domrnant in upper areas and was replaced by Ischaeum and Pennisetum in
depressrons, The low leaf/stem Tatio and high lignin content render the tall grasses Penmsezum

and Ischaeum of limited forage value (Reed, 1983). Talbot and Talbot (1963) have shown that
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wildebeest avord mature swards of Penmsetum and actrvely search for shorter and more
palatable forage. It follows that grazers would remain on upper slopes where actrvely
regrowmg grasses ensure high nutnent quality in the diet. It is not unul later in the dry season,
when grass growth ceases and avallable phytomass is-depleted, that herblvores are forced to ¥
move downWard to satlsf y darly forage requrrements

Lastly seasonal weather patterns necessitate a downward movement of ungulates 1n the
dry season. As ambient temperature mcreases and morsture content in forage declmes
water - dependent species must vrsrt watering holes more f requently to meet physrologrcal
requrrements Research by Western (1975) in Kenya and by Afolayan and AJayr (1980) in
thena indicate that seasonal movements of many ungulates specres are best explamed by
availability of surface water and morsture content of forage To accomodate shadmg behavror
during periods of mtense msolatron gazelles wildebeest and hartebeest avorded treeless B
vhrlltops, prefernng to stand or lie beneath Balarutes and Acacia along lower slopes and

depressions. (pers. obs ).

As viewed by range managers strong topographrc ﬂoral trends mdxcate an unbalanced
' grazing system wluch is predrsposed to erosron along heavrly grazed hrlltops and where vast
) amounts of lowland phytomass advance to an undrgesnble phenologrcal stage Concermng thrs
problem fire appears 10 be an effective tool for creating a more umform commumty structure
This study mdtcates that fire can srgmfrcantly narrow or remove topographrc dtspanty in

phytomass, htter leaf herght and utthzatron In effect, the lower burn levels adopt a

vegetation structure similar to hill tops.

The drastic vegetatlon changes in lower burned areas can be traced to the amount of
plant material present f or combustiQn. Grven the 1mproved fuel charactensues of the
depressions it is expected that f ire intensity would increase with a drop in topography.
Iwanami and quumu (1966) documented a positlve relationship between the amount of litter
cover present and maximum fire temperature. McArthur and Cheney (1966) contend that fire

intensity increases in a linear fashion with available fuel.
e

/
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Whereas numerous studies have shown fire to stlmulate primary productmty by
removing litter and the senescem standmg crop and encouraging nutrient recyclmg ( see
Norton-Griffiths, 1979), no favorable response was recorded in this study. In a review of the
North American literature, Harris (1972) noted that g;ass‘f ires generally depress plant growth
in areas receiving less than 500 fnin of annual rainf all, while enhauciug productivfty ina ﬁnear '

[

fashion where precipitation exceeds S00 mm. A similar relationship has been shown for Af rican
grasslands by Daubenmire (1968). Explanatious of this trend identify waterp'as a major
limiting variable below 500 mm of rain, while space constrains productivity in more moist sites.
Whereas fire reduces competitiou for space it is often at the expense of increased evaporative ™
losses of water. The results of this study are consistent thh Harris's f mdmgs, since no effect
- was recorded for an area recelvmg approxxmately 500 mm of ramfall
Although the effects of fire on nutritional quality of forage plants are largely
conflicting, there are some well -documented studies indicating that fire increases ash and
protein while decreasing fiber {see Daubenmire 1968). Attemuts to acc.ount for the variable
_f indings stress the 1mportance of such factors as season of burning, frequency and mtensny,
and post -fire climatic conditions on the resultmg huahty of forage. That fire did not improve
the chemical composmon of post‘-f ire growth in thxs study might account for thetslmﬂanty in
primary productivity between treatment and control sites.
‘In general, fange fires are considered useful for discouraging the encroachment and
- recruitment of unwanted woody species on iivestock’rangeland (Buechner and Dawkins, 1961;
~ Phillips, .1965; Langlands, 1967; Scott, 1971). This study suggests that fire is an effective
eontrol agent ou‘the low growing A. drepanolobium, but doesr.lot increasemortality rates f or
the tall Balanites. Siruilar results were reported by Norton~Gkr:if‘f iths (1979) and Pellew (1983),
who documented a negative relationship between tree height and fire-induced mortality. Since
'a high proportion of the fire-killed stems exhibited coopicing, repeated burning would be
requlred to ensure mortality. The relatlonshap between topography and fire mtensxty

underscores the need for suf f1c1ent grass fuel to ensure tree mortality. WRR management

Q
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should c‘onsider the importance of trees for providing shade tbvungulates when devAising a
prescribed burning orogram. | ‘

The literature is replete with examples of African ungulates being attracted to areas:
which have been re;cﬁﬂy burned (Brynard, 1964; Pratt, ‘1967; Lemon, 1968; Oliver, Short and
Hanks, 1978; Rowe-Rowe, 1982) Since the ire treertment dio not 'énhance nutrrtive quality for
current years growth, other factors must be responsible. The most apparent gif f erence
concerns the functional distinction between available phytomass and usable forage. On the
control site, particularly thc lower wctions, much of the acceptable forage isphysica'lly' ,
mcorporated into or overlaxd by unpalatable grass material of several years antiquity.
Furthermore, the thorny spines and low spreading canopy of Acacia protects much of the
underlymg forage Tesource by drscouragmg herbivory. In contrast, nearly all graminaceous . -
phytomass on the burn site was less-than one year old. Grazing on the burn site was relatively
\mcomphcated since phytomass was uniform in height, moisture content, utilization and
phenologrcal stage across the topographic gradient, 'Furthermore, the high grazing pressure
. maintained the grass sward in a producuve state by discouraging htter and promoting numem
recycling and an optimal root/shootrauo. An additional attractant was the greater amount of .
herbaceous cover creatod by é lower Acacia density.

For :ffective managoment, fire size demands consideration. Small burns can attract
such high herlrivore densities that vegetation is subjected to excessive grazing pressure and not
given adequate rest to allow nutrient and tissue replenishment. If noglectod byvh'erb{ivorés.,
non-burn areas will adopt a coarse structure refractory to subsequem grazing A.mirrimum
burned area is needed to attract gregarious specres of large size. For example, wﬂdebeest were

not recorded on the smaller expenmental burn in numbers representative of their populatron

yet they strongly selected the larger burn.



5.5 Summary

Topographic relief imposes strong gradients in plant community structure by affecting
soil moisture and physico-chemical properties. Proceeding d'ownhiil, quality and availability of
" grass f oraige decreases because of i}ncreased amounts of senescenf phytomass, litter and .
‘incidence of A;:acia. Native ungulatés appear to avoid lower areas during wet periods perhaps
because of i_gnpair‘ed mobility. The resultant‘ heavy grazing pressure on upper slopes ensures
that grass reinaﬂins in a nutritious regencraiivc state until moisture deficits occur in the dry

seasdn. As the dry season progreéses and forage is depleted in upper sections, native ungulates

| move downhill to meet daily forage intake requireménts. This movement may also be a
thcrmoregt‘ﬂat‘ory strategy, ehabling ungulates to take advantage of .shade offered by trees along
“hill sidﬁes;n\n,{gl depressions. |

In the context of the above relationships, fire represents a powerful force capable of
homogenizing topog'rabhic-floral relationships by combustiné moribund phytomass in
depressions and by discouraging tree growth. Native ungulateé/concentratedl on all to;;ographic
levels of receml;' burned areas.. Major attractants include a vegetation structure conducive to -
grazing (i.e. short sﬁ;ard\of actively regrowing tillers) and a reduction in trees which compeie
~ for moisture and light with grasses and discourage grazifg by presehting a physical barrier. If
soil moisture is adequate, h.eavy grazing pressure may ,pefpetuate vigorous growth by preventing
the accumulation of photosynthetically inactive material. . N
It would appear that a prescribed burning program is a useful management tool for
" maiﬁtair}ipg primar); productivity and pfomoting a more balanced use of forage resources by

ungulatés.
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ns of step-point transects and ocular estimates
d plant community characteristics.

Number of Correlation Significance Slope Y-intercebt

Comparisons Coeff. (R)

F-Statistic

\
\

Phytomass 55

(g/mz)

Leaf ht. 18
(cm)

Grass 18

utitfzation (R)

Herbaceous 18
Cover (%)

0.91

0.85

0.96 -

0.65

<0.01

<0.01

<0.01

<0.01 -

0.97 190
0.93 12
0.95 0.1
073 254




Chapter 6
Effects of Livestock Enclosures (Bomas) on East African Rangeland Ecology
,I/
6.1 Introduction

Bomas (brush-ringed or fenced paddocks) are conspicuous features of African
rangelands used by pastoralists for nightly protection of cattle, sheep and goats. Thomson's '
gazelle (Gazella thomsom'i)': Grant's gazelle (Gazella grantii). Coke's hartebeest ( Alcelaphus
buselaphus), wildebeest (Connochaetes taurinus) and other wild ruminants often frequent
rangeland immediately surrounding abandoned bomas (Reed, 1983). Since nitrogen and
phosphorus limit primary productivity in semi’-;rid regions of Africa (Whiteman, 1980), the
influx of nutrients into boma areas from manure and urine, and the accompanying intense
trampling and foraging, would be'expected to modif y the environment, creating a small yet
distinctive community.

A study was conducted at Wildlife Ranching and Research Ltd. betweeh September
1981 and J une 1983 td quantify the effects of bomas on soil nutrient status, plant species
composition and forage quality, production and utilisation.

) : *
6'.2 Methods

Boma #1 was Situated at the top of a topographic sequence in the vyes_tem region of
the Ranch. During the dry seasons, cattle visited the area daily to water from a nearby
borehole Pumped water.was confined to the holding tank and watering trough and was
therefore not thought to supplement soil moisture.

On September 8, 1981, three 1x1x1 m exclosures and three 1x1 m unprotected plots were
located randomly within 10 m of a stake positioned 25 m from Boma #1. Similar protected
and unprotected plots were located in a control area 250 m from the boma. All plots were
clipped within 2 cm of ground level at the beginning of the study. At monthly intervals, green

phytomass within each plot was esumated photomemcally using a cahbrated Tektronics J-16

106
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spectral radiometer. Measurements werc not made when green phytomass cirbppéd below an
estimated one-third of total phytomass as Boutton and Tieszen (1983) h“ave shown the
discriminating properties of the radiometer to be poor in this range. One year Qf ter the
beginning of the experiment, each plot was reclipped to 2 cm height. All samples were air -dried
(drying oven unavailable), sorted by species, weighed, then analyzed vf or nutrient quality.

Plant f ibcr’(m-ADF) and crude protein were determined according to methods outlined by
Horowitz (1980). Three soil samples were randomly extracted from a depth 0-30 cm from the
boma and control sites. Chemical analyses conducted by Norwest Soil Research Ltd.,
Edmonton, Canada followed McKeague (1978) except for HP,0, and K which followed
Hamm, Radford and Halstead (1970).

Three additional boma sites ( #2,3 and 4) were studied in June 1983. Step-point -
transects were conducted at each boma and cont.rol site to quantify plant community structure.
A thin incremented pin was loweged to the ground at each ¥ 25 steps along eight transects
originating at a central stake and oriented in ordinal and subordinal directions. This yielded a
total of 200 points per sampling site and provided objective data on species composition,
herbaceous cover, plant phenology, utilization and leaf height. Within one m'::tcr of each
transect, demarcated by string, all intact faecal groups identifiable as gazelline (Thomson's and

Grant's gazelles) or aicelaphine (hartebeest or wildebeest) were recorded to compare ungulate

use at boma and control sites.
6.3 Results

6.3.1 Soil
In comparison. to the control, the soil in the vicinity of Boma #1 contained

significantly higher levels of nitrate, phosphate, sulfate, calcium, salts and organic matter

(Table 6.1).
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Table 6.1. Chemical and physical descriétion, of soilat Boma * 1

Y 2 ,
Mig  HPO4 K S04° Ca .Na Mg pH  Sall Organic
(So2mmmmmmmmmm ,—'—ppm-f--;-‘-——-j*-—_---) . nity matter
. ’ : - (®)
Y 33 60 >450/16 1743 S8 379 74 062 20
se 14 0 -0 4 33 %9 28 02 ofe O
N | . |
g o |
X 4| 4 »40 3 1503 19 338 66 013 1.0
se | 1

0 0 g0 ! 20 00 001 O

f-test <0.10 <001 NS <005 <005 NS NS <0.01 <0.05 <0.01




6.3.2 Vegetation

| The stimulat_ing influence of the short rains (October-December) and the long rains
(April-June) on plant growth at Boma #1 ‘was considerable (Fig. 6.1). Throughout the study,
green phytomass was highest in the boma exc],@sy;es followed by control exclosures,
unprotected boma and finally unprotected control plots Annual productjvxty and utllxzatxon
were significantly greater at the boma (Table 6 2).

Nutntwe analyses indicated that grasses at. Boma #1 qﬁni‘mned hxgher levels of protem
and lower amounts of fiber than did control plants (Table 6.2). No 51gmf icant differences
existed for ash, copper, zinc, iron, manganese and selenipm. .

) Grasses at Bomas #2,3 and 4 were chatacterized by significantly greater utilization
(p‘<0.'01,) nd lower leafmheight (p<0.01) ,than control plants (Table 6.3). Relative to control
sites, herbaceous cover was significantly lower in Bomas #3 and 4 (p<0.01) and higher for
Boma #2 (p<\(3 01) Almost all plant material 1dent1f1ed at.each of the boma sites was -
Cynodon ‘nlem ﬁtensg (Table 6.4). In contrast, the control sites contained small amounts or no
Cynodon, but were dominated by Pennisetum mezianum, Themeda trianqra and' Digitaria
milanfana. |

At the beginning of the dry season (J une 1983), the ennre grass sward at Bomas #2 3
and 4 was undergoing active regrowth following defohanon (Table 6. 5) Contrastmgly, most
| of the control grasses had advanced to a senescent non-photosynthenc stage.

6.3.3 Ungulate Distribution

Ungulate faecal density was significantly higher at boma than conttol sites (Table 6.6). .

Gazelle faeces were more numerous at Bomas #3 a'nd 4, whereas alcelaphine use was greater at

Boma #2.

s
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Figure 6.1 Effects of bomas, exclosures and rainfall on green phytomass at Boma #1.
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Table 6.2 Production and nutritive quality ‘of grasses at Boma *1.

Productivity  Utilization ~ Fiber Crude

 (g/m?) (%) (m-ADE, %) Protein, ®

X se X se X se X se
Boma 5 84 100 O 351 19 80 08
Control 266 46 S5 9 406 05 46 04
T-test <0.10 <0.01 <0.05 <0.05




Table 6.3. Plant community structure.

Boma *3

Boma *2 - Boma *4
X se X se X se
Herbaceous cover (%) |
Boma 890 26 505 40 . 505 27
Control 705 45 . 775 27 790 27
T-test - <0.01 <0.01 <0.01
Leaf height (cm) . g |
Boma = 6.5 0.7 48 ' 02 37 - 03
Control . 26.8 3.7 107 07 106 1.2
T-test - <0.01 -<0.01 <0.01
Utilization (%)
Boma 99.4 1.8 967 6.6 1000 0.0
Control 128 118 471 47 625 43
T-test - <0.01 - <0.01

<0.01




Table 6.4. Plant species composition.
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',.
| Boma * 1 Boma*2 Boma*3  Boma *4
Cynodon
Boma 100 99 100 100
Contro!l 0 0 10 0
Themeda .
- Boma 0 - 0 0
Control 8 35 | 24 26
Boma 0 -0 0 0
- Control 87 18 20 S1
Digitaria B
- Boma 0 . 0 0 0 .
Control S 25 28 0
Others .
‘Boma 0 0. 0] 0
Control 0 .22
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Table 6.5. Plant phenology in June 1983 (percent of piant community in

each phenological class).

el
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L - Boma *2 | Boma *3 Boma *4
Class 7

Boma 0 0 0 .

Control 0 S 1
cuéé} S

" Bomad 0 0 0

Control ] 13 40
Class 9

Boma -0 . 0 0

Control - 53 28 41
Class 10 | ,

Boma 100 100 100

Control 46 54

" Legend: Class 7. Unforaged, 25-50% of leaves dry
Class 8. Unforaged; 50-75% of leaves dry
Class 9. Unforaged; 75-100%R of leaves dry

" Class 10. Foraged; plant actively growing
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Table 6.6. Faecal density (avérage *#/transect).
Boma *2 Boma *3 Boma *4
X  se X se X se
g

Boma 39 0.9 35 08 1.y 16
Control 43 1.0 09 405 . 0.4
T-test NS <0.05 <0.01
Boma 109 15 0.1 . 01 1.5 0.3
Control 1.3 06 03 02 .. 04
T-test <0.01 NS | NS
Boma 148 1.4 36 - 09 12.6 1.6
Control 56 09 1.2 0.5 27 06
T-test <0.01 <0.01

<0.05
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6.4 ﬁiscuSSion

. The study indicated that bomas had profound effects on sqil, flora-and fauna. The
addition of limiting nutrients, particularily nitrogen, from ungulate manure and urine enhanced
soil fertility in the vicinity of the boma. Stimulatory effects of excreta on grass productivity*
have also been recorded by Peterson, Woodhouse and Lucas (1956), Lotero, Woodhouse and
Peterson (1966) and Weeda (1967). Although not observed in this study, undesirable short
term effects of excreia might idclude Jower utilization of fouled herbagé (Marsh and Campling,
1970) and temporary levels of ammonié which are toxic to plants (Doak, 1952).

The prevalance of Cynodon at. boimis can be attributed to its pref erefice for disturbed
fertile areas (Dougall and Glover, 1964; Reed, 1983) Within the study area, it is only in Ldg,se
~ sites that Cynodon competes favorably with the dominant grasses Themeda, Digitaria and
Pennisetun. 1t is difficult to speculate on the relative importance of soil enhanceme}\t and

tra.mplmg in maintaining the competitiveness of C ynodon over other species. The low grdwmg

\

N

and stoloniferous nature ideally suit C ynodon to intense foraging and tramplmg pressure.

Intedsc ungulate use of the bomas, as evidenced by high faecal density and grass
utilization and low leaf height, can be traced to C ynodon‘s highe: protein content and leaf /stem
ratio and lower lignocellulose content (modified acid detergent f iber). Cynodon is widely
recognized as one of the grasses most preferred by ungulates in East Africa (f’ra}t and
Gwynne, 1977). The ability of animals to discriminate quantitative and qualitative differences
in available food resources ié an underlying assumption of optirdal foraging theory (Schoener,
1971) Resaurce use studies have shown that African ungulates can detect and respond to
smual and ternporal changes in nutrient status, plant phenological stage and species
compositlon (Stewart and Stewart, 1970; Owaga, 1975; Owen -Smith, 1979).

C ynodon remained in a productive grdwth stage longer into the dry season than grasses
in surrounding areas, accounting for the recorded hlgher annual productivity. Not discounting

the importance of 5011 nutrient enrichment, the role of grazing on productivity should not be

ignored. McNaughton (1979) has shown that moderate levels of foraging may maximize
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productivity through compensatory growth by encouraging an optimal root/shoot ratio,
improving light reception by removing excessi;le litter, by applying growth;stimulating saliva
and through hormonal redistribution prdmoting tillering.

The environmental impacts of bomas suggest management implications. To ensure
redistribution of livestock and wildlife excreta throughout the rangeland, bomas should be
relocated frequently. This would minimize local tracking and erosion, encourage balanced l
range' use, and apply limiting nutrients over a larger area. Establishment of new bomas could
be used to attract wildlife io underutilized rangeland.

The effects of bomas appear to persist. Séeveral small round patches of Cynodon were
found which had no recent history of livestock confinement. It is possibly that these sites are
the relics of bomas from an earlier management era dating back at least 15 years. For example,

' Cynodon dominated a small area near the remains of buildings constructed early in the century.
Perpetuation of this unique mlcrohabltat might be the result of Cynodon attracting grazers,
which in turn maintain Cynodon by increasing soil fertility and by discouraging less prostrate

species through trampling.

6.5 Summary

Abandoned livestock enclqsures (bomas), and their immediate vicinity, were
biophysically distinct from surrounding rangeland. The input of considenable amounts of
excreta from ruminants, and the resultant soil'enrichment, increased productivity of grasses
characterized by high protein, low fiber and a prolonged growing season. As evidenced by
faecal density and grass utilization, native ungulates strongly preferred boma sites. By
encouraging compensatory growth of grasses, moderate to high use of boma vegetation might

.\ increase productivity and maintain the plant community in a more nutritious state.
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Chapter 7
Body Condition of Thomson's and Gruntd's Gazelles in Relation to Seasonal Environments and .
Resource Use .
7.1 Introduction

The acute seasonality in rainfall that characterizes East Africa (Pratt and Gwynne,,
1977) imparts equally noticeable trends in plant community structure, particularly forage
quality and biomass (UNESCO, 1980). During periods of adequace soil moisture, grazing
ungulates experiencc a nutritious forage regime characterized by relatively high levels of
protein, moisture zind digestibility (Dougall, Drysdale.and Glover, 1964; Afolayan and
Fafunsho, 1§78; Snaydon, 1981). Although phytomass may remain high in the dry season,
grass quality deteriorates quickly through lignification and losses in protein and moisture
(Duncan, 1975; Field, 1975).

Sinclair (1975) argued convincingly that the poor quality of dry season forage is a
major factor limiting African ungulate populations. Duri}mg this season, the nutritional plight
of ungulates is exacerbated by heat stress and a shortage of drinking water. To balance
increases in evaporative cooling, most ungulates allocate more time t‘g‘shading behavior, and
» moving to and from water (Wilson, 1961; Sinclair, 1977).

Although animals buffer Lhemselves against seasonal changes by altering resource use
patterns and invoking physiological adaptations, the limits of adaptive plasticity may be
constrained by interspecific competition and evolutionary history.

Given seasonahty in environmental quality and ecologxcal separation within African
ungulate communities (Bell, 1970; Leuthold, 1978), I predict that ungulates will exhibit
seasonal variations in body condition and that species exploiting different ends of resource
spectra will vary in body condition asynchronously. The species chosen to test this hypothesis
are the Thomson's gazelle (Gazella thomsonii) and Grant's gazelle (Gazella granti). Although

similar in general appearance and social structure (Walther, Mungall and Grau, 1983), these
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species display contrasting patterns of resource use (see Chapter 4).
7.1 Methods

7.2.1 Meteorology

Precipitation was measured monthly om a-eentral location on the study site. Relative

humidity and dry bulb temperature werg-nonitored between October 1981 and December 1982.
7.2.2 Resource Use Behaviour
A 34 kfn circuit of exisﬁ tracks, encompassing all topographic levels and major
vegetation types, was select T monitoring resource use. Moxithly surveys were conducted by
‘motorcycle between September N§1-March 1982 and September - December 1982. For each
ungulate sighting within the survey strip width, ocular estimates, calibrated to step-point
transects (Appendix 5.1), were made for leaf height (average height of leaves in sward; ém),
grass utilization (proportion of current years growth foraged), dicotyledon cover (%) and
phenological stage. Tc;pographic position (upper, middle and lovlzer) and tree density (# /ha)
were also recorded. Three randomly -placed 0.25 m? vegetation plots were éppped from a
representative catena for each of the three topographic positions. All vegetative?gcrbgceous
material, both attached and litter were collected for weighing. Two samples were collected for
nutritive analyses; thL first in the dry season (August, 1982) and the second ;n the rainy season .

(November, 1982). Crude protein and fiber (m-A.DF) were determined according to methods

outlined by Horowitz (1980).

7.2.3 Body Condition ,
Between January 1981 and December 1982, body condition of adult male gazelles was
monitored by recording the following index on harvested individuals (Thomson's gazelle,

n=7336; Grant's gazelle, n=190).
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Kldney Fat Index (KFI) = 100 X perirenal fat (g)/head length (cm)

Perirenal fat is that adipose tissue (capsula adtposa) surrpunding the kidney, wexghed

together with the tumca fibrosa. Head length, defmed yhe dlstance from the tip of the nose

to the atlas joint measured along the dorsal curvature of the head, was chosen as an mdex of
frame size wh1ch does not change with body condmom»» Although kxdney weight has been used

as a denominator (Riney, 1955; Hanks et al., 1976), it was rejected in this srudy beeause it

Icovaried seasonally with kidney fat. Seasonal variation in kidney weight has also been

documented for mnbou (Rangz fer tarandus) by Dauphme (1975) and waterbuck ( Kobus -
elllpsyprlmus) and Grant's gazelle (Spmage 1984). To Justxfy the use of kidney fat in
comparmg the condition of* the two gazelles, it 1s assumed that locanon and sequence of tissue . .‘
deposihon and mobilization are sxmxlar in these two specnes r ,

Smrth (1970) documented a. hxghly s:gmf u:am relauonstup between kidney fat and total
body fat for seven sgecxes of East Af’ ncan ungulates ‘Studies by Ransom (1965) and Sinclair
and Duncan (1972) have shown that measures of bone fat are preferred to kldney fat as

indicators of condition in more advanced stages of under nutrmon The need to provxde the

retail market with intact carcasses prevented inspection of bone marrow.‘_} "

7.3 Results

' /731Chmate I

Four dlstmct rainy penods were encompassed by the study, heavxest amounts were

received in March-April 1981 and October-December 1982 (Flg. 2.3.). -Dnest penods occurred ‘

in June- August 1981 J anuary February 1982, and June- September 1982 Associated with

ramfalI relative hulmdlty was hxghest in the months of May and November and lowest in :

' ﬁebruary and J uly Temperatures peaked in February and March and were lowestrm June,

July and August. .

0
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For each topographxc level, f orage qualnty (crude protem/fiber) was hnghest in the wet

season and lowest in the dry season (Table 7.1). Proceedmg dothrll leaf herght tree densrty, -

B
S

dand mmdence of drcotyledons increased whereas grass utrlrzatlon decreased (Table 7.1, Flg
7 1). ‘Grasses located in the upper topographic levels mxtrated growth earlrest (Table 1. 2) and

contained. hrghest levels of protein and lowest amounts of frber (Table 7. 1) In the

depréssrons accamulations of senescent grasses dominated well mto the ramy season while- -

PP .
PR

her_bivores removed all, or most, phytomass on lnlltops. :

7.3.3 Ungulate Drstnbutrons |
‘, The two gazelle specres dlsplayed marked dif’ f erences in topographxc drstnbutron (Frg
7 2) Relative to the proportion of each topographrc level in the road survey Thornson S |
gazelle pref erred upper areas whereas Grant s gazelle occupred lower sectrons However
topographrc use was strongly mﬂuenced by ramf all. Both species exhrbrted seasonal
topographic rmgratlons moving upwards dunng wet penods and relocatmg downhrll as dry |

condrt_rons intensified. -

| 7.3.4 Body Condmon f . . o
Seasonahty in body condition was. pronounced for both specres wrth trends resemblmg

_the ramfall pattern (Fig. 7. 3). Least: square regressron mdrcated srgmfrcant relatronshrps ‘

' v'between body condition and ralnf all for both. speaes By stansncally laggrng and leadrng the ,.
krdney fat index, it was possrble to explore the best temporal relatronshrp of body condmon to
ramfall When regressmg kldney fat to rainfz - 2 and 3 month lag explamed the most, |
variation for Thomson's (r- 68 p<0. 001)) and Grant* s gazelle (r— .65; p<o 001)

) respecnvely Srmrlarly correlatron analyses between specres mdrcated that body condmon of ;

N

' Grant s gazelle 1agged 1 month behmd that of Thomson $ gazelle (r— 69 p<0 001&,
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Table 7.1. Effects of topography and/or season on grass crude protein,
‘fiber, tree density and dlcotyledon cover in 1982.

Crude Protein Fiber Tree Density Dtcotylédons ‘
(% (%) (*'s/ha) (R) -
dry.  wet dy wet- X se X s.e.

(Aug.) (Nov.)

Upper 637 1183 453 370 - 112 13 05 O
Mddle ~ 2687 S71 525 490 442 47 LI 02

~ Lower 263 480 547 529 1070 74 23 06
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Figure 7.1 Effects of topography and season on grass utilization and leaf height.



Table 7.2. Effect of topography on percent of til'lers actively‘growing

(data for 1982).
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. ‘Lower

Sept. - Oct. Nov.
Upper 418 499% ~ 100%
Middue 22% 37.0% 1008
LA v
05% - 1218 100%
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Figure 7.2 Patterns of resource use by Thomson's and Grant's gazelle. Horizontal lines (refer
to the amount of each topographic level in. the road survey (upper =thick, middle =thin and

lower =medium) and indicate if animals prefer or avoid certain areas .
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Figure 7.3 Body condition of Thomson's and Grant's gazelle, as measured by Kidney Fat Index

= 100 X perirenal fat (g)/head length.(cm)_. KFI values represent running means.
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7.4 Discussion - ) w

The results suggest that body condition of male gazelles is affccted pro‘ximglly by f 6rage
quality, indiréﬁtly by animal distribution across topographic gradients and ultimately by rainfall
patterns. Declines in forage quality and quantity recorded during the dry season wére
. substantial. In tl;é Serengeti ecosystem, Sinclair (1977) recorded a strong relationship between
body condition and grass protein, and considered 5% crude pmtein tobea minimal level needed
for maintaining condition in buffalo (Syncercus caffer Sparrman). In reviewing the literature, -
Robbins (1983) stated that ungulaté protein requiremelnts for maintenance range between
5.5-9.0 percent. Not discounting their ability to select nutritious plant parts, it seems unlikely
that gazelles could maintain adequate levels of protein intake from grasses in the dry season.
Althougﬁ dry seasén protein levels ;g:y be marginally adequate along hilltops, available
phytoma¥™here was almost éomeletely exhausted. |

The study confirmed that resource pﬁdﬁoMng existed between the two gazelle species;
Thomson's gazelle preferred heévily utilized, sparsely treed hilltops, and Grant's gazelle
occupied topographic depressions, characterized by dense stands of trees, tall grasses and
abundant forbs. Despite topographic dissimilarity, both species exhibited seasonal topographié
migrations, moviné downward as dry conditions intensify in search of moist f oragé, surf ace
water, brow;e, and trees for shading from meteorological stress. A shift in gazeile diet toward

dicotyledons (Gwynne and Bell, 1968; Stewart and Stewart, 1970;-Spinage, Ryan and Shield,

1980) increases protein intake since dicotyledonous plants maintain higher dry season levels of

protein than érasses. Another factor encourag;ng a downward movement\during the dry season
is the paucity of forage available on hilltbps and ridges.
’ I suggest that gazelles avoided lower areas during wét periods becéuse slippery
conditions prevexln firm footing:and reduce escape spgeds. Unlike the sandy hilltops, the
' clay-domin#ted depressions become swollen and sticky' when wet, hqticeably encumbering
R .

movement. Studies by Talbot and Talbot (1963) and Anderson and Herlocker (1973) indicate

that large herbivores avoid heavy textured soil during the rainy seaSqn.z -f&s a further incentive

!
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to moving upward following rainfall, animals benef it from the homogenous sward of rapidly
growing grasses.

Kidney fat f oi Thomson's gazelle appears to trac'k rainf all closely. Adipose tissue is
" deposited rapidly following the rains, and mobilized early in the dry season. This species
benefits from the floral "grecn-up" occurring on the heavily grazed hilltops immediately
following the rains. The high protein content and early phenological stage of grasses along
hilltops in the rainy season attest to the nutritious forage available. Contrastingly, Grant's
gazelle maintain condition longer in the dry vseason. Located further down the catena; Grant's
gazelle must contend with accumulations of senescent phytomass which obscure new shoots.
One would expect topographic relief to maintain soil n_ioisture longer in the depressions, which
should in turn prolong the growing season. Theref ore,-—l\gnggest that forage quality may peak
progressively later as one proceeds downhill and this disparity accounts for the asynchronous
body condition pattern observed between the Thomson's and Grant's gazelle.

It rmght be argued that observed fluctuations in body condition of gazelle reflect
mvolvement in rutting behaviour, as has been documented for ungulate species which breed
seasonally (Smclan‘ and Duncan, 1972; Duncan, 1975; Dunbham and Murray, 1982). For
Thomson's and Grant s gazelle, it is assumed that reproducnve cycles do not grcatly bias trends
in body condition, since territorial males and neonates were observed each month of the year.

Lowest levels of peri-renal fat were recorded during October 1981 - February 1982; a
period characterized by sub-normal precipitation and very high temperatures. Thomson's
gazelle, which depleted all peri-renal fat for a 4 month period, were in poorer condition than
Grant's gazelle. This differcnce may reflect the greater use of high \protein forages
(dicotyledons) and the lower dependency on water by Grant's gazelle (Taylor, 1968).

“  These findings may prove helpful to a game rancher in that they suggest predictable
seasonality in body condition. By structuring the haryesting schedule to concentrate on animals
in good condition, a staggered harvest of Thomson's and Grant's'gazelle could increase carcass

yield. ' , L
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7.5 Summary '
A bimodal rainfall pattern and iopographic relief were identified as major determinants
of forage availability and quality on the Athi-Kapiti Plains, Kenya. Body condition of male |
gazelles, measured by perinephric fat, fluctuated seasonally in response to changes in |
" environmental quality. Prefcrenpes for upper topographic levels by Thomson's gazelle and for
depressions by Grant's gazelles exposed these species to dissimilar conditions and accounted for
ésynchronous trends in body condition. Thomson's gazelles benefitted from the early floral
greenup which occurred along hilltops immediately following the rainy season. Body condition

of Grant's gazelle was maintained longer into the dry season because of the abundance of

dicotyledons and persistence of soil moisture in topographic depressions.
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Chapter 8

Relationships Among Physical Traits, Age and Social Status in Thomson's and Grant's Gazelles

8.1 Introduction

Size and conformation of the bovid body and horns are thought to be primary‘
determinants of social dominance and hence access of males to estrous females (Geist, 1966;
Jarman, 1974; Leuthold, 1977; Walthc_‘.r, 1978a; Kingdon, 1982). Since social status is
established thr;ﬁ\gh ritualized combat and intimidation \displays. physically impressive males are
expected to dominate agonistic encounters and contribute disproportionately to the gene pool.
Although this relationship is generally acccpted, and has been documented for bighorn sheep
(Geist, 1971), morphometric differences among African bovid males of different social status
have not been adequately studied.

In conjunction with the comnfercial game‘cropping program at WRR, a study was
undertaken to determine if males of different social status were dissimilar in size, conformation

and age. The species chosen for studyi

g

te two a.ntilbpines; the Thomson's gazelle (Gazella

thomsonii ) and Grant's gazelle ( granti). Both species possess a social structure

consisting of three subgroups; terri P es, female groups and bachelor herds (Estes, 1967,
Walther, Mungall and Grau, 1983). I assume that the distinction between bachelor and
territorial males offers a satisf actor} measure of social and reproductive status. Among
territorial individuals, males accompanying f emale groups were distiﬁguished from solitary
males to identify possible age and physical differences which might explain associations with
females.

Territorial males defend areas from other adult male conspecifics. It is generally -
- believed that territory holders constitute the male breeding sector and that the most "fit"
individuals occupy preferred areas (Leuthold, 1977). Female groups include females of all ages

and their subadult offspring. Young males generally leave this group at adolescence with

progressive harassment from territorial males. Bachelor groups consist exclusively of males
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which range in age from ‘adolescent to very old. It is wlthin this group that subadult males
complete most of their body growth develop the behavioral and combative skills needed to
enhance therr social standmg and, where competition is intense, exhausted older males regain
strength before resuming territorial status. Although not emprncally demonstrated itis -
assumed that dorninant indlviduals in bachelor groups are the most likely candidates to become
" territorial through displaeingincumbents or by establishing new territories. Bachelors avoid
territorial males and are therefore relegated to sub-optimal habitat (Kiley-Worthlngtonv, 1965;

‘Estes, 1969.1974; Gosling, 1974).
8.2 Methods | e o o .

8.2.1 Data collectlon »
Durmg weeklymght cr0ppmg operauons between September 1982 and August 1983,
, /socral status of 70 male Thomson 's gazelle and 30 male Grant s gazelle was 1dent1fred Cntena
' .used to identify social groups were: | r
Bachelor - male accompamed by one or more other males
Temtonal adult male not accompamed by other males.
Harem Terntorral male escortmg a female group
' Sohtary Lone territorial male
Walther Mungall and Grau (1983) questloned the accuracy of the term. "harem
notmg that associations between f emale groups and terntonal males are transient. Smce gazelle
ales are generally unsuccessf ul at confining f emales wrthtn terntory boundarres the status of
temtonal males (harem versus sohtary) shifts repeatedly as f emale groups move across a ” T
: | mosaic of territories. An effort was made to collect representatrves from each social group :
| monthly ‘With a bnght spothght it was possible to unmdbthze the target animal and to search
the vrcrmty for other mdrvrduals whrch would indicate hrs social status. Indrvrduﬁ were

. l
~excluded from the analyses when the velncle notrceably drsrupted group s¥rficture or there was

i
|
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B

uncertainty concermng group 1dent1ty o ' S
Harvested animals were transported toa nearby abbatorr where an:array of ( >

measurements were taken. Animals collected after November 1982 were aged usmg patterns of '

tooth eruptron and wear as outlined by Sinclair and Grimsdell (1978) and modified for the

study population by Allen (1982). Dental criteria used for rdenufymg age groups are presented

'in Appendices 8.1 and 8.2. !
Body length shoulder height, hom\length its base cnrcumferenceéd spread at'tip, and

carcass weight were measured (Table 8.1). These parameters were selected go reflect the

‘ conformatxon of thedmdivrdual in terms of frame size, head adornment and body weight,

respectively. : -~ IR ' o

' 8.2.2 Data analysis
Initially, body characteristics and age of bachelor and territorial males were compared.
Next, morphometnc differences between the two territorial subgroups, solitary, and harem,
were explored for Thomson S gazelle - Insufficient numbers of territorial Grant S gazelle were
measured to provide a meaningful comparison of solrtary and harem individuals. Univariate
. analysis of variavnce.was applied to each morphometric parameter and then all data’wer'e
analyzed by multiple dtscrimrnant analysis to identify gradients of 'variation which best
expressed rnorphometric differences among the social groups. Computations began with a data
set consisdng _of N .measurements (70 T. gazelle, 30 G gazelle) onb morphometric parameters
from individuals belonging to 2 or 3 social groups. Using linear combinations of \the original
morphometnc parameters the data set wis reduced tolor2 orthogonal and linear f unctrons
The Telative contnbutron of the ongmal dependent vanables is mdrcated by the standardrzed

coefficients of the drscnmmant functions. The computatrons were executed using the

subprogram DISCRIMINANT of the SPSSx statistical package (Nie, 1983).
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Table 8.1. Morphometric variables used in comparison. |

Category : ~ Description

G .
Body length (cm) From atlas joi»nt to base of tail, measured directly  «

above vertebral column.

-Shoulder height (cm)  Measured from highest point on the whithers to
_ the tip of hoof following the curves of the
. ‘ shoulders in a straight line.

Carcass welght (kg)  Weight of eviscerated carcasé; skin, head and -
lower legsremoved.

Horn length (cm) Digtanée between base and tip of horn measured
“along frontal surface. |

4

-Tip to tip length (cm) ‘Distance between horn tips.

Horn circumference - Measured around the base of the horn.

(cm)
' o)




heavily-bodied solitary males from the lighter llarem individuals. ‘ E % ;
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8.3 Results

8.3.1 Thomson's gazelle
‘Carcass weight and horn characteristics were significantly greater for territorial than
bachelor males, whereas skeletal measures (i.e.‘ body length and shoulder height) did not differ
(Table 8.2). In comparing mé two territorial subgroups, harem males were lighter than solitary
males Flg 8.1 depxcts the age distribution of males from each group. Territorial malcs were
sxgmf icantly older~(p<4) {01) than bachelors as were harem males over solitary individuals
(p<0 05). e

In companng bachelory $olj 'tﬁfy‘; a.nd harem individuals using canonical analyses, two

discriminant functions (DF) wer¢ derived (Fxg 8.2). Standardmed ‘coefficients for each of the

~ canonical variates opummng dxscmmnanon among the three social units are contamed in Table

8.3. The major contributing variable to DFI was horn length, which discriminated bachelor

" from territorial males. DFII wag dominated by carcass weight Which distinguished the more

b

8.3.2 Grant s gazelle . :

Relanve to bachelor males, territorial mdlvlduals possessed longer horns and were
signif’ 1cantly hcavner (Table 8.2). Frame dimensions (height, 1cngth) did not differ -
sxgmflcantly Bachelors were signif 1cantly younger (p<0. 05) than territorial conspec1f1cs (Fxg
8.1).

A single permissible discriminant function explained 72% of the among group variatlon

between lgachel‘or and territorial individuals. Th; major contri‘butingv variables to this.function

were horn length and carcass weight (Table 8.3). ' _ o
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Table 8.2. Morphometric measurem

social status.
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e@Ls from gazelle males of different -

. Body Shoulder  Carcass Horn Tip to " Horn
Length Height Weight Length Tip Circum.

N X se X se X se X se X se  X..%

. . (\*~

~, - DBachelor 20 755 10 644 10 111 04 196 10 82 05 88 03
M Territorisl 50~ 78.1 08 663 04 128 02 283 03 94 02 ) 99\ 0.1
F-statistic NS. NS. <«0.01 «0.01 <005 ~  <0)01
Solitary 37 779 10 663 05 130 02 286 03 92 03 100 02
Herem 13 7S 14 664 09 122 04 275 09 99 05 98 04

F-statistic NS. NS. - <0.05 NS. NS. NS.

. Scant's gezelle >

\’m 12 1043 19 933 1.7 301 14 402 29 218 25 154 07
Terrilorial 18- 1046 10 96.1 09 360 07 513 1.1 266 13 159 04

F-statistic NS. NS <0.01 “3¢0.01 NS. NS.
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Thomson’s Gazelle Grant’'s Gazelle

L : ‘B_achelor Bachelor

- Territorial (Solitary)

# L o L Territorial (Solitary
2k k b and Harem combined)

Territorial (Harem)

1727374 '5'677'8'910'n' 1'2'3'4a'5'6'7'8' 9101
. Age Class Age Class

ngure 8.1 Age distribution of gazelle males from different social groupings.
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Figure 8.2 Morphometric differences between three social groups.of Thomson's gazelle.
Location of group centered ( +/- 2 SE) accordi:y tc *wo canonical variatgs; B, bachelof; S,

solitary; H, harem.
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Table 8.3. Discrimination among soctal groups on the basis of
morphometric parameters. Standardized function coefficients
and the canonical correlation of each function are given.

Thomson's gazelle Grant's gazelle

Variables - Function ~ Function
S - " . I
Body Length - -0.19 -0.27 -0.42
Shoulder Height -0.44 -0.33 /’ 0.38
Horn Length 1.22 -0.30 / 0.54
Tip to Tip ' - -0.29 -0.67 -0.23
Horn Circ.at Base  0.08 0.1 -0.36 o
Carcass Weight 0.07 1.18 | 075 . '

Canonical Correlation 824 ___435 723




144

8.4 Discussion

*

Bacnelor and terri;orial males differed substantially in size and conformation. All
bachelor males of Thomson's gazelle were younger than territorial conspenif ics, suggesting that
young males were unable to establish territories. This is in agreement with Waither (1978b)
who concluded ﬁhat subadult male Thomson's gazelle are incapable of maintaining tefn'tories
because of deficiencies-in physique and‘beha'vioral prowess. The absence of physically mature
males in the bachelor groups suggests that older individuals were not abandoning established
territories, either voluntarily or by displacement, and retufning to non-breeding bachelor
groups. This might reflect the low density of males and the attendent reduction in agonistic
intcraciions.

An-altemaﬁve explanation concerns the absence of "old" male Thomson's gazellés from
all social groups. Using the ageing criteria of Robinette and Archer (1971), the oldeét males

harvested in this study were three years. That males were not surviving to advanced age can be,
attributed to the intense and selective removal of males by the harvesting program. Inter-ranch
movement of animals, and hence recruitment of outside males, was prevented by a game-proof ’
fence which enclosed the R@ch.

Comparisons with Kingdon's (1982) morphometric figures indicateci that the study area
supports diminutive adult males of both Thomson's and Grant's gazelle. It is conceivable that
morphometric differences beiween social groups would have been moreopronounced in nearby
unharvested populations. By maintaining low”densitiés of males, mostly young or recently
mature, the harvesting program prevented males from surviving to an age ‘where they could
expi'éss“ ‘their genetic potential. The longterm effects of these popu"ia‘tion anomalies on gene
pool heterdgeneity desefve aftention. |

Although baéhelor males of Grant's gazelle were younger than territbry holders, s&nne
older individuals remained in the non-reproductive group. Since territory size for Grant's
gazelle is greater than Thomson's gn.zelle by a factor of approximately ten (Walther et al. |

1983), a full complement of incumbents may have prevented further recruitment and ensured
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competition. Using Spinage's (1976) ageing criteria (which were used for females), some
;nales achieved ages of 6-7 years. This implies that older males in poor condition have been
forced to abandon their territories by stronger and younger males or were incapable of ever
attaining territorial status.

For both species, members of bachelor herd; were charactenzed by mature frame '
dxmensxons but were diminutive in horn size and muscle developm:nt In contrast, territorial
males portrayed a masculine physique charactenzed by mature horxis and a rounded
muscplature. To what extent the lower carcass weight of bachelors reflects you;h or relegation
to areas of poor range conditions by aggressive territorial males is speculative. These data
support the belief ihat horn dimenéions are critical to the establishment of dominance because

8 - ‘
- of their evolutionary emphasis in the intraspecific acts of display, fighting and defence (Geist,
- 1966; Walther, Mungall and Grau, 1983). |
| Althoﬁgh not as apparent as the above differences, the data indicate that the two
territorial subgroups for Thomson's gazelles differ in some respects. The lower carcass weight
of harem males, relative to solitaryz individuals, probably reflects differences in body condition.
Involvement of 'hz.‘uem males in energy -expensive breeding activities could deplete body reserves
and sacrifice time available for foraging. Numerous studies (Buechner, 1961; Jarman and
Jarman, 1973; Hgnks et al., 1976) have documented substantial declines in body conditien of
reproductively active bovid males during the breeding season.

The greater age of harem males might indicate the value of experience to reproductive
fitness. The age-re}ated advantage could operate through acéumulated knowledge in seiecting
and maintaining telfritories attractive to females. PverceiVed dif ferences among territories in - -
terms of male attractiveness or resource quality might account for the differential preference of
female groups to certain areas.

Territorial male Thomson's and Grant's gazelles on WRR were older, heavier and

possessed longer horns than bachelor conspecifics. Among territofial Thomson's gazelles,

males accompanied by females were olderthan solitary individuals but differed little in frame
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and horn dimensions. Small sample sizes precluded similar analysis for Grant's gazelles. These

<
results suggest the importance of size, age and perhaps experience in determining social status.

L
8.5 Summary
Measurements of conformation, size and age indicated that tersitorial male Thomson's
and Grant's gazelles were oldver. heavier and possessed longer horns than bachelor conspecif ics.7
These data support the contention that body morphometrics influence social status. Among
; )
territorial Thomson's gazelle, those males accompanying females were older than solitary

individuals, suggesting the importance of experience to reproductive success.

\ ¢

\

N
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8.7 Appendix

Appendix 8.1. Dental criteria for ageing Thomson's gazelle‘.

Age Class Description

,
il I

M, erupted but not in wear /

M, erupted but not in wear; My in wear

My and M, erupted and in wear; M3 erupted but not in wear
Molar table fully in wear; M, tnfundibula separate and
cup-shaped; rostral and caudal infundibula of M, and M

.Joined
S M; and M, infundibula separate and cup-shaped; Mx

infundibula joined.
Infundibula of all molars separate and cup-shaped
M, infundibula sickle-shaped; M, and M3 infundibula

cup-shaped %
8 M infundibula are straight lines; M, and M5 infundibula

* are cup-shaped
9 M infundibula are spots; M, tnfundlbula sickle-shaped;

My infundibula cup-shaped

10 Rostral infundibulum of M, absent; M, infundibula
sickle-shaped; Mx infundibula cup-shaped

11 Rostral and caudal infundibu}a of M‘ absent; M,
Infundtbula sic&l‘e-shaped Mz Infundibula cup-shaped

A WA N —

- N

IModified from Allen (1982)
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‘Appendix 8.2. Dental ‘criter"ia for agejn“g Grant's gaze]le_ .

150

Age Class N Descriptlon
iy | M, erupted but not in wear
‘ 2_;' Mz erupted but not in wear.
3 M3eruptedbut not in wear | RS
4. - Molar table fully in wear; M and M2 tnfundlbula separate
and cup-shaped r13 infundibula joihed
3. My, N2 and Mz infundibula separate and cup-shaped
6 Rostral infundibulum of M, sickle-shaped caudal
_ infundibulum of ”l and ”2 and M3 inf undibula cup-shaped
. Rostral. infundibulum of M, a straight line caudal.

0

i

*" " infundibulum of ™, sickle-shapéd; M, and K tnfundibula

cup-shaped

7 :Rostral lnfundlbulum of r1| a spot caudal Infundtbulum of ™
Mya straight line; M2 and M3 1nfund1bula cup-shaped

Rostral infundibulum of M‘ absent; caudal InfUndlbulum 3

’ soot M2 and M tnfundtbula cup-shaped

Infundibula of M‘ absent; M2 tnfundibula sickle shaped M3

infundfbula cup-shaped
Rostral jnfundtbulum ofMya straight line; caudal

infundibulum of: Mo sickle-shaped M3 lnfundibulum
up-shaped |

~ IModified from Anen-(1982)
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Chapter 9

s

Conclusions

9.1 Applications of Research to WRR Management

The preceding research chapters 1dent1fy several g ‘and production relationships

within WRR. This section mtends to dxscuss the relevance ol ‘ these mterdtscrplmary findings to

Tesource management and to suggest measures that rmght increase productlvuy and‘economlc

viability.
The impressive growth'rate in biomass density of 12%/yr recorded for native ungulates

on WRR (Chapter 3) despxte an annual offtake of 40%, has been attributed to an effectwe

4

K ,penmeter fence reduced cattle numbers, predator control and a skewed sex ratio. There is

" feason o believe that sustained harvest can be increased by optimizing these management

practices, and exploring others.

Further reductions in the cattle population would provide greater amounts of forage

2l

for native herijores and promote recovery of rangelands adjacent to water and boma sites.

However, caution must be exercised regarding the rate of herd liquidation. Accumulations of

senescent phytomass between 1982 84 were blamed on msuff icient numbers of herbrvo{es to
remove yearly plant productxon Several management options exist which address this problem
Attrition of hvestock numbers. in terms of metabolic biomass, could approximate the increase

in nt;tlv’e species. At the present growth rate of wlldlife’, cattle conld‘be gradually reduced over

the following 9-10 yedts, at which time the native ungulate community would achieve estimated

carrying capacity. If WRR's financial status could withstand a reduction, or suspension of ‘

harvest rate the transition period could be lessened

Ef forts to increase numbe}s of those herbivore spec1es whrch pref er coarse grasses

- would parually allevrate the problern of unwanted phytomass In parncular a large herd of
' zebra would provide an ecological replacement for a diminishmg cattle p’opulatron. Efforts to-

attract and drive zebra into WRR fromds'urro_unding rangeland in the late 1970's proved largely

4 s, ) ¢ - w
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unsuccessful., Assuming that government ﬁermission for such ‘"capttires could now be secured,

new strategres would need to be employed : “"\i““
| As indicated in Chapter 5, prescnbed bur@iné has prouen usef ul'in removmg excess

plant h'tter from topographic deprcssrons thereby encoura-gmg a more even topographic

distnbution of herbivores. The amount of rangeland that could be expediently burned would be

"' determined by the dry season forage requirements of the exxsung herbivore populatxons and the

desired level of browsers m the ungulate commumty. Dry season fires can drastically reduce -
forage at a period of poor diet quahty and are detnmental to browsers by selectively killing
shrubs and low growmg trees. By promotmg large areas of rapidly growing grasses following
the rains, fire could be used as a managerial tool to attract herbivores from outside the Ranch.

The resuits of Chapter'6 suggest the managerial value of: cattle enclosures (bomas) for
attraeting native herbivores to areas receiving light use. Frquent rQe'location of bomas would ,
prevent excessive range degradation from herbivore trampling‘. _ |

Another managerial obtion for increaSing wildlife production is to reduce predatb'r

populauons In that conservatron of natural resources 1s a plvotal objective of WRR

(Hopcraft, 1980), mgensrfymg predator control would create a philosophical dilermna This

w !

well illustrates the potenual conflicts of conservation strategres subJected to the monetary

g

- priorities of free enterprise Given the low natural mortahty indicated for nattve ungulates by

g

_the population dynamics model (Table 3. 10) t.he economic benefi 1ts arismg from intensifying
*

predator control would be,rmmmal The existing pohcyWWRR seems to be a reahstxc

approach to the problem predators other than Jackals are controlled only 1f livestock are killed.

. 4

The selective cropping of males, as quantified in Chapter 3, has resulted in a skewed
, “ _ . &
sex ratio favoring females. Inspection of harvested females indicated that sex ratios

approximating 10:1 have not detectably reduced pregnancy rates. To promote increaseci'

_ populatlon growth, WRR may wish to explore optimal f emale/male ratios. The sex ratio at

whrch pregnancy begins to declme could be ascertamed by examining the reproductxve tract of

harvested females. However, there may be attendant losses in evolutionary fitness resulting

|
1
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from low numbers of v»oreeding males, sincek population vigour, f ertility and viability are y

" decreased proportional to reductions in genetic heterozygosity (Frankel and Soule, 1981).
Furthermore, loss of genetic'inf ormation (alleles) is exacerbated when dominant males
morropolize the breedfng of several females. Such is the case for Thomson's and Grant's
gazelles, hartebeest and wildebeest, the males of which maintain breeding territories for part of

“the year. In the example provided by the above authors. the arnount of genetic information
present in a zebra population of 100 consisting of ’60 females 12 stallions and 28 non-breeding

' bachelors equals that of 40 randomly breeding individuals. Although the sensitivity of each

: specres to inbreeding depressron is not known WRR management should be concerned about

the long-,term ‘ef fects of mbreedmg. Ef: f orts should be made to ensure that males from

. surrounding areas are .periodically introduced into the résident p,opulation. To simulate the

"natural selection process, bachelor maies should be harvested in prefer ‘nce to territorial
individuals. This is in accordance with research indicating that bachelors experience higher
mortality and that breedmg is accomphshed by. temtorlal males. ./ "

Opportumtres to provision wildlife exist and could be ctmducted without compromrsmg

their wild characteristics Itis generauy ‘recognized that the health of wildlife is reduced in the

. dry season by” (nadequate amounts of water mineral salts and drgestrble energy. It may prove
feasible to 1mplement a rotatronal.grazmg system by restnctmg wrldhf € from selected f enced
areas dunng the wet season. It would be necessary to f ence primarily upper slopes and hrlltops,
since these areas favor those grass species which mamtam forage quahty in the dry season,

R

_These protected rangelands would provide nutntxous hay to herbivores during a perrod when

“

dret quality is generally low. Monitoring of body condrtron of harvested animals would mchcate

when these supplemental areas should be accessed Salt blocks and pumped water could beused . |

to of fset deficiencies in natuTal supplies and attract anunals to underutrhzed ‘areas

Knowledge of ungulate habrtat preieren%es (Chapter 5) and the blophysrcal Tesources

existing on WRR (Chapter 2), off er ms “ ement the ability to regulate animal numbers to

5w

available resources. Competent range 'r;';anagers could periodically evaluate range condition and L,

@ R . . IR
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f%;;trend for each habttat type and then modify the cropping regtme to ensure an opttmal

*

| combmatton of herbtvores .
Monitoring seasonal trends 1n adipose reserves would suggest periods when the harvest
of each species should be greatest. Ecological separation of the ungulate community across the
| topo'éraphic gradient ensures that body condition fluctuations for each species are not highly
synchronous (Chapter 7). For example, Thomson's gazelle did not maintain fat reserves as
) long into the dry season as did Grant's gazelle. Thomson's gazelle exploited the early floral

greenup along htlltops whereas G;ant ] gazelle benefitted from residual soil moisture in

‘ depressions and a dependence on dlcots as dry season forage. In terms of carcags

tharacteristics, it is desirable to harvest populattons prior to periods of major weight loss.

{

9 2 Consumptwe Use of Kenya s Wildlife - The Future

A mo({@eﬁhghtened attttude is developing among both the pubhc and pnvate Sectors
that land a¥e systems uuhzmg native herbtvores can 1) offer Kenya new meat industries and 2)
help restore damaged rangelands Yet, definitive statements on the envuonmenta.l and
eeonomtc advantages of game ranching must await decades of scrutmy For these reasons, it
would be a disservice to justify the ¢oncept based on the first three years of WRR 's existence.
'Itz Would be equally unfair to condemn any new land-use system because it experiences growing, -

patns durmg its early development With these reservattons in mind, the following comments

"’F“::“ 'h ?

are offered. % . ' ' | ;
The performance of WRR has silenced many of the critics who questioned the
(&)

obJecttves and claims of Hopcraft"s game ranchmg proposal Given WRR s present monopoly
posmon of producing quality venison for specialty markets, there is little doubt as to its

econom1c viability. But what is the potenttal for wildlife to provide cheap protein in sufficient
,quannnes to help the undemounshed people of Kenya" Restrictive government regulattons for &

game ranching ensure legmmacy and dtscourage all but those entrepreneurs who possess

adequate amounts of technological experience, rangeland and risk capital. It is unlikely that . )
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there are more than a handful of such people in Kenya vvho have the necessary resources
needed to emulate Hopcraft's system .» Should the Kenyan government decide to extensify the |
game ranching industry, other WRR -like enterprises would almost certainly occur; yet this
approach may be ill-suited to other regions. '
The very nature of WRR's infrastructure precludes its development at a regional scale.
A game proof f ence resolves questions of animal ownership, encourages higher ungulete
productivity oy preventing emigration and provides the closed management system required by
ecologists to study plant- amma.l interactions with precrsron However, it is costly and requues
a sufficiently spacrous area to support a community of herbivores throughout the year. Over
much of Kenya's semi- and and arid regions where wxldhfe still persist in substa.ntml numbcrs
populatrons are highly migratory or inhabit regions consrstmg of numerous small landholdings. °
Neither are conducive to erecung a game proof fence; the first because yearlong confinement of
animals in areas with seasonal water and forage shortages would greatly reduce carrying |
capacity and the second because of limited capital and land resources It is primarily a problem
of scale, for small ranches would be unable to generate sufficient revenue f rom wildlife to
_ justify the high capital costs of killing vehicles, guns, abbatoirs, cooling facilities, et_c.
" WRR's pro;umrty to Nairobi penmts fresh meat deliveries. Since many wildlife areas
are not located close to major retail markets, other carcass products such as dried meat
_(biltong) and vacuum packed items would need to be emphasized.
" Venison in Nairobi presently retails for twice the price of beef and weekly orders
regularily exceed WRR's self -imposed production' quota. Since WRR has been approached by
seversl mid-East representatives who wish to purchase considerable anrounts of Kenyan |
venison, it would appear that a strong export market exists. If Kenyan officials allow the sale
of meat beyond its domestic borders, Avenison could generate badly needed foreign exchange.
Despite these optirnistic indicators, it ‘seex'ns_ reasonable to expect the law of supply and derna'nd
. to eventually deflate prices as greater amounts ol‘ méat come on sfream This being the case,

o

the industry must explore ways to reduce capital investment and Operaﬁng costs to maintain -
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To commercially exploit wildlife in regions where feqeing is logistically or economically

economic attractiveness.

impfactica‘l. new harvesting systems must be developed which recognize communal ownership
of the herd and ensure the fair distribution of revenue back to those people whose laod ‘
supponed th_e harvested animals. Following is a description of a harvesting system which t'okes
ingo account soxﬁe of WRR's lirnitz;tions when applied to migratory wildlife populations and -
areas of predominantly small landholdings. '

Harvesnng would be conducted by private coxripanies who would employ biologists
knowledgable Tn animla_l' census techxiiquesv, killing teams consisting of spotlighters, shooters and
dﬁyers. butchers for processing the carcasses and a transport team'responsible for delivery of
animal products to market. Initially, company Tepresentatives would approach owners of
rangeland inhabited by suffic,ient wildlife to make a harvesting effort profitable. If landowners
were agreeable biologists would document the numbers, sex ratio and distribution of each
| ungulate species. Plant commumty studies would be used to suggest optimal combinations of

native herbivores. 'I'he data would be used to formulate a harvesting schedule that would allow‘
maximum sustained potential offtake. This proposal would be submitted to the landowners,
who would agree to distribute revenue accofding to the proportions of animals supported on »
each paroel of land.
Cropping ﬁechainics would be similar to the epproach developed by WRR, emph‘asizing
' mght spothghtmg for selective age a.nd sex.class ammals The number of killing vehxcles |
shooters and spothghters used would depend on pr03ected offtake and the croppmg period.
Harvested animals would be taken to a mobxle abbatoir located central to the harvest area.
. Animals would be processed mSpected by government officials, wexghed and stamped, and
| carcasses transported in the cool night air to Nalrobl for chilling in large coohng units while
they await retaﬂ Once the quota had been filled, the croppmg company would relocate their

' moblle harvestmg $ystem on the next croppmg site. CrOppmg in remote areas would réquire

- meat to be refngerated, dned or.:%’!(ed prior to delivery to market outlets.

o~
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. The appeal of this proposal ‘to landowners is that they receive an economic reward for
maintaining wildlife popuiations without being financially encumbered by the labor, expertise |
and capital investment required to harv.xative herbivores. Thereip lies the incentive for
these people to conserve wildlife. As a "conservation through utilization" strategy, this
proposal should encourage an expansion of wildlife into areas where they are not presently
tolerafed.

The cropping company would be better able to service loans on such capital investment -
as y@i}iqles, coolers, abbatoirs, etc. by cropping more frequently than woﬁld be possibfe if
restr;ct;d to harvesting one wild}ife_ community. For example, the hlhng vvehicles{and abba\tgirs

#An

on WRR are in use for part of dne"ﬁ‘ay each week.. By increasing economic returns to capi .
regular cropping should allow venison prices to compare mére favorably with beef. Presently,
few Kenyans can afford the luxu;'y of game meat when cheaper alternatives are available.

The 'éucceés of custom cropping will depend on the ability of the government to ensure .
professional eth;cs. To diszburage over-harvesting, each company would be required to restrict
its. cropping toa }single e’co-fegi_on. The compény would thtj,ref ore sacrifice future offtake if
they chdse to dvercrop in the short-term. ‘A gbvemment agency would be created to monitor
game numbers, enf orc;of ftake quotas, inspect and regulate ﬂthe markeﬁng of carcasses and
" ensure a fair rénumeration to the lmdowﬁer, Poaching would be discouraged by requiring all
meat that enters thg market to be idehtified 'by'a government stdmp. It is proposed that funds
for operating this agency would arise f rofn a government tax levied on each cropping company
" according to carcass weight offtake.

A nation-wide study of: Kexiya's herbivores (MILA, 1980), recommended the creatio;l
of the Kenya Wilc;lif e Corporation (KWC) to initiate and regulate'con‘sumptive use of plains
game. This directivé is consistent with the government's stated gdal 'fto identify the best land,
uses for specific aréas of land" and "to ensure a fair distribution of benefits of those uses"

(Anonymous,‘1975). Since this time, the government has taken the initiative by permitting-

Hopcraft to eéxplore game rahching throughy his pilot project. The socio-economic and

i
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ecological perf ormance of WRR during its first three years of existence are now béing evaluated
by the Kchya Wildlife and Management bepartment. To exicourage harvesting of game on 'a
nétional scale, Hopcraft has recently submitted a proposal similar to the one outlined above.
The above proposals bear similarity to the Kenya Wildlife Mana;ement Project
(K&MP), which croppéd plains game in the Kajiado District in the 1970's. Most pbservers
attribute its demise to poor pubﬁc support, irregular supplies,of meat and the lack of .
innovative approaches to processing and marketing game products. Alfhough experiencing
set-backs, WRR has won the support of both retailers and consumers by ensuring regular
supply, meat quality and adopting flexible >approaches to venison marketing. - ’
It would appear that the Kenyan govemmegt is now in a position to display cautious
optimism ahd take further steps to a more ecologically sound land-ﬁse system in those areas”

where conQentional livestock species 'are poorly adapted. ¢
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