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Ahstrant

I'has study cmployed 1 Kncconomic, wathamaical arogiammng medel to analyse rench
reamTerns allaratinn amnng caftle and grme andoals, ol Kenea's wilidlife comzervation and game
Larvesting policies. The abjeclivs lunciien wae comprised of discounted nat ineome flowes over
30 pericds of G-months cach [15 years) and was optimized sobpee (o by populalive Jyoamacs
(rmisled as Togiste prosadh Soedions], initial animad popalaticns aod iwslionsonal o it s
rB.cnwa Wildlite Service paticiesy.  Game anitnal hareests wors axadelled as decay funclicas.
while curmyiny capacity in the logistic growth models is a Ginctinn of rainfall. Catfle pamakat on
i mndcllad ac alinear ditferonee cquation.

Jimulation results show that abendrning the carlicr preseevacion policy chat placed the
hueden of wildlife comzervution on private Yandowmers was a good deewsion. ].’r' coméited, the
pro- 1984 game animal praservation policy woold likely not only dissipate available rent, but alen
cxtingnish nan—competstrve animal spocics, thus making this policy coonomically unfuvemable
and Diclogmcally unsostainable,  Afer 1339, ranchers weETe granled Climiledy vser oghls w
wildlife, bur wildlitc ownershin continued to reride with the Keawn Wildlite Service (KWE)L In
hie eludy vacious ways i which KW conld syersise asnerehip ae cxaminsd. The aljocrivas of
KWE anr o conserve wildhle unrulues while providiong sppropode economds oveolives o
tanchers. 1'he cumeat polkcy of attaining this chpectiee = by allewing rancher: o harves: o gix'-cn
proportion of e g popelacens,  Soemlation resales indicale that this policy 32 non=qptimal
unet pnly nuarrinally sustoneble . Whea o Sl busdivesity index i nged 3% a cangtrainr, games
comservanon was alse found o be unsuiloble. The brodiversily index can be affuned sl vy low
papnlation bewzlz, mekmg its woatainability guestiomabls. A betber slbemoative 15 constnuaming the

end pericd] populations s bho equal t0or gezater thaa inctal populations. This policy yelds a

tewsonuble ek et acd e vsrobymuonsly susooable, The best palicy, howeaver, combines the




endd pan] consieiut wilh a pelicy thol gives landowners tull propers vights,  Rwaomchers cun wes
ol Wy way they wish, This approach yiclds 2 7och higher net meowen thin any ciher

policy and is also uaambi puowsly suzlainable, & ammany of sinnlaticn rsulls is provided i the

I'ellowing table-
Mot —
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TTcolstLained 136.1 1954 4.12 Crwme popnlatinne driven
ealincied ur oedr exbing-lon in
the final tao perinde
Preaervalivg 190,13 2334 387 Some wildfife hechivare
poslacions driven g cxginglion
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3aintain 134.51 1925 421 Sustainable: numbers sinular to
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{(HAPTFR 1
INTRONUCTION
1.1 Burkpriound
The Repuohlic of Koiva is losaled on the saskern seaboard of Africa, sacddliog the
b, il Dnes o wotal Land area of 569,260 km®, The apreuliutal poodoctivity of this land is, tn
i large exient, determinzd hy awailabiling of meisiore, alhowsh soils and topoagraphs ame
mmporlent.  Based on moistare availahiliey, the Tagx] s cilegomsed inle sis eoo-climatic zones

{ Lable 1.11.

The sou—clunaie zones vury in climetz, agricalmzzl potencial ad lawd use, Do
climativ zoue 1 las an abe-alpioe clirale with scatlsred moorland and grassland vegemarion,'
Daa ko liassh ene wownental comdibons, 10 has ne polt=ndal Zor agoeolure bat i ogzd as 1 warer
celleloment ared and, tue Lo dls scenie beunty, for tounsm. Ecc—climatic zone 2 has a hemid o dey
sulb-hurmid ciamile with a [omest fand e denvidvest sepetatiom. It has biegh aecicultural potentiol
and i1z oeesd roaandy Noc Iotensive aecicoleee, ocladizg cash crep Gaming, E-I.'-I..'I—L'-l.i.[I'I.:-.LI.'iIL' ZLTE
hes a dre sub-homid fo semi-and chmate with a morsd woodlund, bushlund or sivunmy vegesoom.
It haz medimm agriculbtrel potential and is nsed for miced crop and livertock production.  bBoo—
chimatic zone 4 has f semi-and ciwars with a dry faem ot wondland and savanma vegeaion. I
huw marmnel apaculoral poenlial bul high rowwhod polensdc oul 5 ussd Tor Tivesluck
aperations ond wildhile sonservuien. Too-chmatie zone 5 D o arod climats with o dey thoon
bnalland vogotation. It has low agricnihora porendal boc medium cengslana polenal and i@ osed
frr extengive livestaok apetations and wildlits conservation. Feo—clmalic o B has wovery and

climatz with o dvear] shrub anmeal esesshun] or sbrob aoal geassland veeeaion, 1t bas ey

‘Tis ooo—cliuntc zope i5 foond o1 elevatons akowe BEON rreires wheme clicne s givsercd by
L TETAl LI TA ther Hian st e,



o anriemlfnedl podenisd  wnd low rangeland patentisl and 5 veed Tor exienvive lorcstock

cperalivoe and wildlifs conservatinn.

Frore the above sco—climabe sonation, the laegest poion of Kenva's land resoirce iz
chareilied a5 manpeelands—a tonn that, in an Bast Alrican contze, refers o land widh nann@)l or
s witlural vepelaton thal provides hahcar switablc foc henls of wild or domeslic unglacs
iPrall and Guyane 19770 These lands constinure BY5 of the Lotal land wrea and ars compriend of
ece—cimile sones 4, 5 und 6, wnd 8 pomtion of con climaric zope 3 that bas o meun snooal raingall
e Tess s D00 mrny; Uhds 1y thes mul et sustainabl> araltla cenpping CReown 1963, Cooacceant of
Lieir Licae are, thesse lands huwe sn impactant role e Hay in Kenpa®s ecciomy, Their main wses
are liveslock prodoction and wildlife conservution ws demonstrated b livestock and wildlile

nurmhens, el species dohness in 15 ranaelard distdets {Table 1.2) F

Lable 1.1: Eeo-climatic £ones of Kenyas Boistune and Livestoci Carylng Capacley

Loo- Arca hfean unmuwal M nisturs Liveseock camying
slimatic k™ Trecipitadion {run; ides’ sapacily
AHine Lhafanima’. nmit]
Honzone 1 X ra" niat

Coozone 2 53,00 1250 10 2500 = -1 0.3
Ecczons 3 3,400 T30 10 1250 1L eRE L L&
Hermonz 4 a2 AICHE 45 ta TA0 Albto -42 4.0
licomone & K00 235 10450 4210 51 120
Evueune L 13,0600 <123 -od G -3 440

"wWaiztie imwley nf 7m0 in cuatad by I me o7 rainfi il o hile mnistiee indz2x of B4 ik cquatcd
tey £ mmm o raandull

" This eeo—chimalic zene is Dound at elevations abave 3200 metes where climale is zoveined by
remperanre rather than ncisoare.

'"I’r.-_*:-ulr:licn:: were reeorded from & range arca of A27228km’ compriscd of fifteen diswicts, namely.
Barngn, GFarivea Tsiole, EKilili. Laikipia, Eumu. Mearsubil, Mamk, Saobuce. Toma Baver, Tuckano., Wi,
Wesl Poked, B b il d e,



Tulde 1.7: Major Diomestic awd ¥ild Llecbiverous Specie in Kenva's Hangelands: Esfimated
Nunabers aned Densily e 1989

Animil spcics Nanher Lhereity Azl species Kuoomber . Demsaly
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Euffalc CELARY AT Greaberkudy 1h] 0,000
aourse Qonermmcit of Fonya o 1989 . '

The Livestouk prodwelion in Kenya®™s mngelande operiles under varons extensive torms
relerred lu as range livestock pmu:l'.-:c,'rinn systems. These Dvorporale Jillerenl Hvestack spoeics,
ilferent livestock products, ditterent livestock fonction: aod Jiflerenl rmenageroenl princinlos.
Dependiog on heie producdon  chamcteristizcs, the range livestock ploduslion svelems e
broadly prouped nlo pustoral range-livestnok pwedoation gystems dael caeching sveleme (Tahnke
198,

The pasteral rooge-livestock prodvction systeme are prured toweards satisfaction of
pitsloral sobsistence messds thal are roe, Lo a large eaeenl, threagh milk prodociion, saisfacricn of
social culural chijcctivzs, such as presigze agzociated with awnarship of livestock, and proevizion
ol "“sopilad ecuily™ by viclue of the rels of Lveelock ws oisol. (Juhnlke 1082). 'Their management
1w chavictenaed by wigratomy movemesnes in morsnit of forage snd waner, commanal ownelship of
graring lanls, and minimal sule of livestnck and their prodoces.

Based nn land prodictiviey, the pasooral range livestock producticn systems are

calepudae] L thiees subsvaleoe, ouvely, oorwdi: pastocdiol secn-cedeolarys pastoradism




imtranshunance™) eod agro-pustoralism (sedenary pasteralsm) (Hazrington 19813 The nomedic
pasloralism occuts in high acidiy areas {0-200 mm anmis’ rinfall) awd s key livestook SQCCEg
e camnzls and goars.  Managemenl is chamclerived by cratic and long-rumgs migration of
livexlock und bumans az pracised by Gubbra mbe. The semi sedeotury pwstoraliam oocnss i
rned iuan scidily areus {20400 rim anmeal faolally sod its key animal spegics uoe o cenbination
of vaels. shesp, grats and canlc. Bagagenssnl s churacterized by meding o long-range
fuaraion of vestock and bumans as praclizd by basal. Lhe sgro-pastoralism ocoure in low
arlily ureis (AU mm anneal rainfall] and g key Brestock specics are cattle and shiep; huwever,
by ceotrast wonomadee ond semi-sedentary pasioralizms, (L cembines both c.r;:-l; a1 livestuck
wpealleuz, willl Livesiock providing the major subsistence base, Management is characierized hy
showt wange raaeation ol livestock ws practised by Karnha il

In [%74, the pacloral rume-livertock production svstems undervenl iznovadve chunacs
mudmg mstiulond developmeats end tonare reforms that wede adiiniseered Uwrooph che
Kenva Livesieck Developroeol Progecl Twao  [(Imtcmatinnal Bank for Resansieoctien aod
Ievelopaen 1997 In the cose of numade pasenrulizm, theso innovations gave 195¢ 10 aniios
blocks where pastoralists formed kinship o clan-bases] stoups o owhich prozing lend wae
Alocarcd; o fifle decd was provided, In the cose of seesi—gedentary pastoralism und wgrn-
paaMrulimﬁ. Che Louovilieos wve ise L amoup woches where bmd wus allocated and registerad
nndler kinzhip groups throweh the Group Reprosentatraes Act nf 19068 (Sedora 14861 a gremp nrlc
docd was proeidsd. In both the Zrazing blocks and the groop ranches, however, eeoune wie and
skl el renained coarmnonal.  Furlber b (hess jnnowalions, areas under pustoral range—
lvesleck prodwciien systemys have tocontly been the terget for creation of natoee moscrves,
particularly, in con-climaric zone & roynlting in conflict heoweon NAMITG ERsCHve cleation and

nuptation Jivesiock hetding,




Lt counrast wo the pasroral range-hvesicek pradiueniog syslems, the ranzhing svelems wre
geaged tovwards prodiction of 3 ekukelable hvestnok praxducl, mainly live animals far slanghter,
woo. and mlk; their ain odpzclive s provision of cazh iocome wnd gevemtion of profit o the
tocauree cwners. Lulivedoal awnership of Land charactzrizes managenkeo:,

Lased on deir owangpship arrangemencs and organianional structores, ranching s ysiems
are calsporzoed it fanr vpes. merely. individuat, coopecali s, company and group ranchey.
Enclividu ranches wre owned and aperaed by mdividuals 2ha pre nepmstered s the praprietor: of
The lapd. Cooperative ranches ae vwned by rocictics that are hesistecsd under the Cocporali ve
Aol ol 1966, with membarslip lhrough shere conmbatons {Leogal 1988, Company ranches ace
lmuced-linhility companics governed by the Companics Acr (Cap 4867 (Lanme 19%6). Group
runches (a5 discussed wonder pasteul mme—livestock production sysieme) are abso classiticd
urnceT ranching systems. Apalt fro e croup cenches. which have hark @ s shsistense and markod
cmienbatcn, all the ather tepes nf siches are brosdly refermed to az “eamimes il mooches'! becanse
they are primanly markee orisnted Csee belowh

Az tentianed giclier, wildhie comioreation is the other major wee of Kenva's nmpelands,
an addiion v livestock prodection. Theas 12nds Bave diverse vegelalion Lepes, narnely, semi-
deserl vepsialion, bushiand thicker and scrub, pernmnenl swirmp vemeition, oraesland, woaded
grazaland, woadland, aad Forest that provides becsital for g et doversie of wicdlife {Gevernment
af Kenya 1979 Leaky und Lewin 1396} [or swumple, semi-desort vegeration hathonss geeeiuk
{Limcraning wailer}, huahland thickst and scrb harboaws Josser bodu CTrapekyphus maberbin,
black rhinnceens (FAzeros dicormist and Ak dik aRherchotroges kikiD); rrasslund  hathroers
wildehaast [(weaoefroeiey fanringsy, Thomson's gaeelles (Cazefia thameawd), Giramt’s parelle
{0razelln wroni). orve (O being) and mohea {Kquar boerchelt); wooded geasslznd badbouce

impala (Aepecern smedaazpres) and cland  (Tarewesrages oox; woodland  harbaurs  buffale




(Rwrcerss caffer). tom {Dvonalisews korrigum). mnatfe (Qirefe cunclopardelis] and komgani
(A lrelaphues huselapfous]; foreel hobuars elephencs i Faovedoie affcaca’; aml permanent TR AT
vepstaton hagbonrz hippopolarows (ffippopetames waphebing) aml wwerhock (Kobas sppeh
Baiides Demp nvh o waldhfs drversity, they alst scvvrmmeodate larze mumbers of witd admals
(Lable 1.2].

Rased nm oo lawd owoerskip and wildlite protgotion staws, these  wdldlite—tich
rumgelindy are categnrized inre hees clagoes. namely 117 national parks s waliomil resenies. (39
“divpersal arcar and zoceidars”, und (3) “nom-udjacont aseas” (Konva Wildlile Seevice 1R,
theee catcgerics arc the fiogis ol wildlile policy in Kenya.

Thz national parks and patcoal “eserves, consttuling approsimaely 8 per cenl ol

wenya's total [and arza (Kenva Willlile Service 14N, ane protected lands tor the sels uee by
wildlife. Ihey are owncd by che goveroent aod sowoly voencils. respectively, Iac manags ne
und comsercation of wildlite is che responsibiliy of des Keoya Wildlile Service (K'WS). They
iclude wegor parks and reserves such sy Arvhoscli Marional Tark, Tsavo Natiomd, Park, Lake
sakuru Matonal Mark, Maicabi National Park, Masao Maga Natioasl Beserye and Buflalo Spnnps
Moarional Rosc e,

The dispemal areax and corridors ans “unprotsctzd”™ lands that s adjacent ra natianal
parks and recarazs where wild animalg froen packs aml eeserees sensvoully mumrle enle. In this
respaet, They act as wild animals Vspill-ovel” ares: and beoce play a vital cole oy wildhife habicats
cortplerme g the eccayilern: of Lhe associated nativmal parks and eeserves. However, in
cordriel to Lhe nalivwal packs und peserves, Lhey ars povalely osmed.

I'he nnn-adjaccnt atcas ars, also, “anprotected” lands deat ane cich inowqldlife, hacbencos
roors than ha:f of Kcaya's pamc animals (E%S 19900 buc in congrase to the dispersal areas and

eomdors. ane oot dicsctly connecled (o (he nalensl parks and reserves. Un sccoant of being rich



i wildlite, They are un umpertant eoocpenent in willlile conservation but, as in the coee of the
diapcrsal ansite and comndom, ame privately paned.

Covnwercial cunches ure w ke form of laod we in “wdfscent srcas and eomridors” and
“el-ud pwenl aneas™ hemee are an intearal part ol wildife proeerionipresarcativn {EWS 10090,
fwvordingly, manugement of these sanches musl be lalored 2o meet the rhicotives of Die privale
T owners and the KW, theas arc o sscure e wrealest comunooos nentin (Tahnke 1982 Keurl
1334 Bransby 19330 and to presecvelconserve wildlife, mspeclively. Lhe conservation aljzctive
of KWS5S servas ax o consiennt to allocation of rescawees by povale landowneors. Rather than
allocate their resioumer o “livssez-fare” sitwation whers ey parsue profil msgised sation
ondhamprsd. ey wwst also lake it account institational requircments relabsd oo wildlife, ws kaid
down by Kenvi's wildlile policy.  Lissentially. they have an additiosal “imposed” waldide
CONS2IVATC N 01 puggerealion objeotve we wpelo oo by the Kenya wildlife policy,

Thi Konya wildlle cobey und wildlife consemationdprescrvarion bas cealved Uioouweh
hisoory (EOASS TS Mumay 1923, Before the 18905 there wws no fomma wildlife policy, hiot
wild animals i1 Keanva and BEael Alrica, o general. were plontiful i ambers and diverse o
epruirs becunze the partorol tribes, notably Magad, lived in harnony willy pafoce, The y were yvery
accommidaing vowards wildlife, grazing their berds and flocks of domestic herbivomes aide by
side wirt wild animals,

Lrue o Lk ol o wildhle precervulionfzonservutien policy, the poriod THO0 o 1808
witnesasil heavy ricle—aoating of game animals, and s broeght to the limeligho the oeed foer a
pilidlife conservation policy. The earlisst form of wildlitc comsamaation: policy bagan in JROE
when legislation  establishad  pame  reserves and Docoduced conlrols wn geme honting,
Movwillestondueg, O spoit of wildBEfs presscvalicn v 5010 Jacking aml the penod 1849 e ghe

aatly 1930e wee, aleo, radkad by heavy ritle honring of 2413 animals (Woeeay 193], In 1907,



(e Drepariiment of CGame was zerahlished and empoveered Lo manage wildlifz and game hunting.
In 10O U.%. President Thendnte Rouzevell in g hunting “zafari® in East Adrici, krousht with
him the spine of wildlife sonsgvativn, Dy 1928, the resolt of this initiative was evideol as same
phatooraphy had stacd we eploce rifle—skuoting.  In 195, throogh an ordinames, o Boacd of
Truslees wis exlahlizhed and mandarcd o administer Nativnul Parks. Thrangh i, ®¥airabd ol
Tsavn Huse Mational Packs were 2amibdisbie] 1n 1944 and 1945, respoctive .

n 1977, a presidential decmer bonned ! bundng of wild animals 0 a bid w coouno]
pracing. ‘Thes wag followed by ihe revoking of all trophy ond cude dealer eonees Hirough an
Act of Parlioment. In 1984, the Wildlile Conservalivn and Manugemenl Act was legislated,
thrauet which g KWS wis created, a5 a povernment corpocativn allached to the hinistry of
Lensm and Wildhze wnd mandacec wich responzibilice for censereinr wdldlile in Kenyu,
Bichurd Leaky wus uppocntsd dincctor af the comporatiaon, The goals of Qe Acl aee o conseme
the natucwl covecomments  of Kenva, ard ifs fauna aod (lora, [or lhe nilicn's economic
developmznt umd for the people living o wildlifc arcas and to peofect peaple and propeny Trom
mjwy or darmge by wildlife. Also, i1 TUAY, @dldlifz conservalion was given a hoast Iy the
internations | comimnicy threagh rhe (radz B e Alcan elephemt tvory. By 1900, pame photo—
viswine had completel v teploced the nfl—hunting Aufaris.

Wich teapect tn conumzrcial ranchas, the geolucion of e #0dlile pelicy was uncked by

tarn distich policies—pie servEtion and cansanating.

1.1.1 Wildlifc Preservation Paelicy
The preservation policy was 15 forcs until 1949 end, with reapect toe aammenzial rang s,
it rnquiredd the protectinm of wildlite far rs cwr sake, a5 8 national hericags, Tmplcitdy, aildlifs

wedt; viswastd wy sleie (publich properly with no benelit: aceroims @0 the pivaie ranch mansaer. To




the someicial ranch manager, rhis requitad presecsation of any and al =dldlite found on
rarzhes. Tlowever, lhe prvate rancher hore all cosls adsing from wildlife cxterralilies. which
uwluded use of ranch forage and watsr by wildlile, predation of domestic Jivesiok, sprwed ol
diseazer and destmction of pikvale property by wildlife.  As 3 reslt, (e private landowrers
tegiu e wildlile ik a lichiligg, Tnothe mgnager’s 1eseurce allocaiion problem, wildlife woas iaken
f¢ alven: Lhe runch ressurees wora allazated o wanivus lveslock enterprises snbject i Lertain
allovwnnce Dor ase by wildhfe, depending an the biomass of wildlifs resident onothe lanch (see
Chaptor 2.

Thiz wdldlife prhicy provided mn cooneoms irsnives Tur ranchers 1o prneec wildife and
enc ouraged Deow o ceduce wdldife natheir propeny. Tn the pasy. pedvale land owoers exhihited
high dreree of iolamme o conzervulion oftorty, despite their having e b alf the sose,
Huwever., 1321 marksd a chunge in theupght in Kenya's wildlile mamepement philosophy
regandmg wilillile oo povide sommerciel ranches whon the Dopamngac of Wildlile Copservation
] Manageoent cemmissionsd pilot projects na mastinable commeweial gaoe woopposs. This
murksd a pulicy chunpe frm prosereation i comecrvatien. This palicy chanpe was re—ealoreed
by FWN whon oo roplazed the Departmanc of Wildlile Coneervalion and Manaperment in 1U38Y ag
it weas found re B2 in Ene weich the Wildlile Coensecviion and Muougement Aet (19503 In other
word:, EWS i cornmilled 1o charmmr the unsostuinable prosereation policy—privar: laod
W NCTE SUMELL Sonlinoe b subxidize national nd intematiomal weldlifc preservatian afforrs. The
new oliey providas adequate fiwangial ieenteves f (e peivare land ownes, either by diceedy
compenzatng thesn for fhe resooccas wanl by gome wimals or indieclly by wllowing them to
ulilize, sconumically and sustainably, the gaove animals fond on their land (WS 1990), This

Evrs riss tnop entsorvacion palicy.
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1.1.2 Wildlife Conservation Policy

Thx enmer-vation pulicy was wshered inoafper 1989, and, with respect ro soncoercial
rancnze, it invalved tie wilizaion of wildlite omoa sustaiiible bads. Under this paticy, wildlile is
still corped] by the slate, but unlike the presecvalion policy, conditional nsc: ights v wildlile
Foand vn oA ranel e sitended woche privets Yandowncr, Embedded in the policy, thorcfore, are
#lear defitincns of benefis frome wildlifo o rhe privile Tandewners, thos providing econamiy
imeentivas that indace them b comserve wildlite on their landd,  Iowever, Lhe P'-'-‘Hc}' docs nar
allovar tor aucomatic sale ol tmphy; such ealze are linared to @l hes Licences (Somncerlame and
Hopeeadt L284), Currenlly, wildlife is eropped, with game oesl and 125 by-products sold Incally.
G cioppiog ouurs W mike money or to reduee wildlife populaions wml their demand for
ranch fesoniecs, basugeiusul of paroe animel popebstions 5 pam of the ma1deerts Operalims,
while araitunent of a semam level and mix of wildlitc specics i= an imposed chieclive of
managemnand. The resmawes fllocaticn problem, particulurly with reepaet to frape esolloes.
trzatz game animal zpecies a5 waluml 2wl erewable ecomomie rezources in their awn right, able
toe gompetes wich other e users (heestock enterpniics) for the limeed mnch resourees, subject
to insatutional comstraints on cropping gunoas.

The corrent methed of dereemiting cropping quotas i hased on popolation perecntages
(Tubbe .31, Tlas roethod 15 nberently stahie snd does not consider ineractive relationships
amonge amima speries. L has the folloading < hotteoamings.
L1 6 agneeres (he dynaeiiss of gamc. populations s Wecspecies inlemviioos, which are inhersnt
in geme andd liveswesck populations, eakioge syatec stabiily elusive. In pocticuolar it treats waldhile
e Lsmons ws sepacils [ran liveslock decisiuns.

A1 It does nat eongider econgmic efficiency, resulting in Iost reats from game animal cropping,



331U lacks explicit decisions on U vptimal wildlite popnlation Eevels, 1 decision that pemaing o
ttal Tanch Farsge resoarce allocalion smonz B1e parential usere (Le., liveztock and gaee animal
AQCCICE].

Thes shurwomings: we addressed in thig siwdy,

Tublc 1.5; allowable Wildlife Croppng Qustas for Machakine Disbrlel, 1996

A lenerah e Cland: il meahbe Ounig

("% uf papulilior Sl opmlzion hievoeted
Aniimul Fwaien burvesied in & oomihs® Aaria Spegies in G manchs)
Thivwwne's gae:dle 5 Isprala 1.5
rrmanl: gaerlle A b !
E oot 10 Cryx 6
Wildebocsn 10 Caral o 7.2

Source: Machakos Wil Marwg=reent Lirig (10041
"Ruza b youta for e ! X Hepuraft Banch. Qeatas for nilwre rancoes are upporiwnegd 3y KWS boacd an
the poed to srop mivatte '
1.2 Ecomnmics of Range Improvements: Lilerabure Keview

Runge connomics has changod dracutically vwer the past 15 vears a2 resedt of tweo facogrs.
sl new techniques f analyeis, haszd on aprmal eontrol theory. hive been intruchizesd into namTl
FoROUTCE Conmemice At wandgament, Seqond, accampanyioy the mathernatical sdvaneey have hean
bk lEES 0 compuliog povwer amd upphicalion programs in aperacons seecarch dhal have taken
advantnge of thess developmens, In this subsoction, 1 resicw gnmg of Mg reeent et o nwge

CCTHMNTIIC A,

1.2.1 Twfinition of an Animal Dnit

An animal wnit mendh (AU iz defined as the amownt of eage cequired Lo =uppul o
sleer wille 4 live welelht of some 434 kp 700G Thel. wr 2 cow and ascompanying calf, Zor onc
muntk (Workmman 1996 An soimal vl (AU mefers to a steet nr cowdoult withnot rxterznce 1o

the: period cver which forage is requaired. An animal wnit coefficient iz delined as;
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W 0

Aaopmol Unit Coefficicnr = I
i Begfa "

where o Jeaf L refers to the standard AU anl W s tie live wed ghl of another herbivars spocies,
The weem W™ ropre e ungnlate nxetabelic hdy weighr, Inthiv stndy, &Animal it
Coellwwnts sorve to staadardize numleers ol difsrenl hechmvors specics te a continomis smiwlaed
AL suale.

Stocking cute refees o the mpbor of AUs il are prozed on a gven arca for a aiven
period of Jme, and measnrzd in heotages per AURT (ha per ALY, Stocking rare Aireety infloences
ETLEIN T pressuoe and, consequently, fhe range’s slanding vapelalion o homass, plant sposics
compisilion and diversily  (Willaeseon et ol 19649 [t also affects Tefivare plaol inleracton
and] eeopomey relumes (Westoby, Walker und Now—Rdait 1989). Tn cssencg, o stecking degizion
illoialss wopefation forge andfr kmd weong potental nsers (Loemis, Doanelly and Sorp—
Sweason 198495

Calle aperior: cun by divided inio four csteporics: cow—aalf, cow—ypearding, backsimund
i [rosheog, Cow—gall and vow—yeorhing oporators have s substantial invesoooent in a cosbced (Tal
generally inchides ane il fie 2very 20 cows, Bulls ae eplaced] every Qave vears, alivuzh soroe
ranchers Teage mlls to avoid the cass of winere feed aod e provide gmealer [eobibite o bresding.
Appricwnidely 8O ol ks vows pive bizlh 1o calves thal woe bum m the eerly springe. Tncthe fll, 15%
of duz |.:IE-I'-|:|. i5 menerlly called and calves anc seld, cxeept for those e be used as replaccie st heifars,
(For gencris coasons, replas cameit I:'lulls.are alwars purchiased.) A cone—yaarling aperator will kaep
the calves sonewhat looger, seliinp them the follow g vear as sl ar Jour veaninge Jepeodine
npon wheher they are zold the followmg spong or Tl mespecovely, Dackroond operutors uve no
imvostment in o cswherd hut porchase calves in the Sall for salc the follnwing yoar. Finishing aeours

i beef Loars Here, Tocws on cow £alf and cow. earling opetations Becanze these ey mcer dp<an
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raniee reroures. Since wach of the Bikapiloce 15 bazed on condioens in Moich Anweméa, T assunie far

b purposes of thiz review thar lenz 3: o sumcer Tange and a wintelng are §oastare or shelered

e where animals can e fadh,

1.22 Furtial Eguilihrium (Budpet) Anlysts

The main tactor dederpining stockang rotes is e sonnee and svailabilily of feed during sach
of e 12 meonths of the year {Wokoeo 1936 p.d52. An analysis of the econonde feasibilite of
petenbial investments in range improveienls e Jlind determine whether fhare ame copendnls o
morasing slockmy Tates st other timas of e peur tha would prevert the managee o ildng
adwirtage of the range’s incrowsed prodhctivity, One should enly iovest in those sctivitics chat Tead
T 211 e ease I cintlde Lhrowshpot.

Iz acddilion, the cewher has o make decisions concemirg the allocation of privatel y—owmed
ropruwesd wnd immproved lunds sehjeet o tha availabilily of public roge or community pasares, it
amy. I iocess e public o summer range is lirited, investtwods 1 Doprevemoenls on pri v unge
iy Tt he econnmically fensible; iF the availabitity of fosge Mo privale rnge is the Hmiting
Tartar. myzsinehta i imEraInsnE o puiic ranpe e wol by sconemically frasihle, 1 forage
peailability fram on2 govrce I o Biedloge Detor investments that ydeld mome forege cloowhore mag
o ke [eusable.

Cinee e s been detsmminesd thar the: mange impenvemcnt w1l nod be tedundaneg Dow will
increase forage Aavailable 0 damestic vestock, 1S escessacy Lo answer [ quesions. Ficst, how
oy aldiomal brood cows, aloog walh the complement of bolls, Acifers and cahvas, can b
suppored owver e yoar as a seanlt af the eange oprevenkit?  Secofd. wlhal s O evcoumc
fragibiling nf rhe Tange imarcvcment® - A answer o the fogmer question cegquires knowledme of the

binlomy of the renge (upecificully ar it nelster g0 dhe morcascs morange prodeccivity and addiccnal






IESAIRGG Cocromice, aprioullura economicy gnd forest econoeics liwratore®  The advantags af
AVDALtic Cplicusaien methads is that they ealke jolo soconol the impasts of tday’s decizioos on the
fotuee: shae o the system (eg., mnge condiion:.  Theorctoal coonomic rmnge models inleznse
biclopmcsl dynamizs and e resulluty evopemic behaviooral responss, ul eoopinica] applications
neraniL [,

Bun (19713 uscd detonmenistic dynamic prograunming {13F} e say gomsthing abouy the
feasibilier of raae Lmpneesments. Althongh he coaploved sone caller contoved duta, the anai}-gig
wis privodily meant do be methodalogical. Monetheless, il spacked comsidarahle dehatz abonr the
appropldlaness of dynamde proprarming models in empiticd ciogee economics rescurch (Martin
1972, Dun. 1972). Subecquent developments o enge econumics have proved Lurt correct, aldismg]:
Lk of Jdula centimues 1o be cited by reszarchas a3 an obstacle o the application of dynaric models
L) BUge BCuG (.. Bemando 1989 Lawhen and Hamis 19900 van Kooten. Bule and Einyo:
1957,

Altbongh Bort wsed o deterministic mndzl, he mggasted thae I mijgll be appropoe Lo
employ slochasiic dyramic optirisatean aporeaches. In partioalar, climate 3@ a modomn viackbly o
forage preductinn and, henes, retorng teoes range improvckls ve alse o ondom yanable, Karp
and Tope (L1984 peed stochisii: IIP o nvesipgle oncentamly in mange improvements and risk
iwvereees an Lhe part, of the decesion—makes. They transformad the stachastic prohlam it an T o
determine oplumed mamge tneatment frequencics and siozking mizs. Rather than using oer presenl
valne as tha abjective of the mange manigarn, ey manimssd e Jiecvwoied vl of {nsk—adjesited)
papecte] widie! Like Buwit, Kop aml Pupe (1984) made a number of simplifying smmptions

hecamse they wa lacked the eouired data. Aoth assomcd nnly one range rearvent, that weeeration

Meervicws of apelicabls techniguzs s farcstry, apeica Toe aol olher natonal reoure dreas cin be Lnml n,
fur eivcople, Eeopedy o L2986 Consakd wnd Clake CL9E7), Ok £1990], wod vun Eocden and Delee CL9E).




tespuiss i b incdependent. i range condition. and thul the cespnnes o meament was jnredide snd
knrwn wilh cortainty.

Bemarde (149 addressed hese shedcomingy weing a torn of slockustic DP known as
markey pengramuung,  In i case, prohahilice mansition metdces are needed o tranafonn the
swstern Front one state to anatber-— hese semee ax the coguitions of metian o makor PRI,
‘e Twtriees give the probabilities 50 7 of the system movingE o stare facnme 1l in steee
Fal Liene Land conmal ki applicd ar 1 (see Keonedy 19%6).° In Bemarda’s modal, the sale vagsbles
e yange concition (forape produciion measured i ke of DM por sere) and loroe since Just
treatroen:. There are four comtrol or dacigion vidables choice of Hvestock ontoepeiss (aason long
or inlensive—curly gtocking), stacking tahcs, applicatien of the chemical whathivean e eonol
wowanted iavaders, and preseribod bocnug, with e Jater teo beng renge improvemenis. dodel
Tyl snggess Thar prescribed Durning for Qe siwly site in contral (klahomna iz viakle anly it range
pradnetiviry exeeods 250 ha TR per jese, 1Lawever. chemical trostments are profitablz, althoogh
semsibee b cheical prices. Te cwercaome dars Tinutacions, Benwadu ueed a biophysical siolwtor to
obtain th infonuabion nosded to constrct the prabrabdlicy transiten ndricse*

Lokt sl ITacos (19T ilso wied siochasitic optimsatin o dnvestigate e jwafigabdiy
ul iresstonens 0 reedingg of crested whedtgmess in Mevads tnoseabiliss sprng forage sopplies, The
mncrease in sprimg tramge broaght aboof Ty Mes range impeovemeod 15 o modom vmuble im0 their
rwle).  Racher chan vie ukov cluoe proprumenong,  these authors wsed chance—comstrancd
programming. wehich wis o technigue poneersd by Chamaes aod Cooper (19500, They Lowod

cresed whealirss seeding we vueld posdtive nor retoems. Clardle prices are 3lsa subjacr o

"Wrtlily is assumoed w be g concave Juncion of income, which implizs that lcases i income ere valued more
bl haen gsains o0 oo e@ipeak oncran,

"o Kvmen. Yonog and Enwoikniemer {0 997) deonstrete bowe meskoy progmaomoming is uaplied. Theio
applicatrn enosidess bow oooiochede sk asciacoess oo the pan ol Jeedsion maker: ine s dyammic
framework, thersbe providing insighs 1= kerp and Pope’s (1% B4) peoblem,

"Passmors qrel Brivar [ IQEHZ] neea | sfnzhasie [IE s ..1n:1|:,-:.'.n_' Cnpe |||.'-E-:m|.':li|1n in Adnalin.
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uncertiimby, with docisions bamge seds one or more voses hefire aetual ooces sne known. Teanscad
amd Cmrn (12930 jnvestizatel opumal colting and replacement decisions under price uneecindy,
They ales qonvatied the slochustic DF spesitieation fola @ Wosar progmem, and Gund rhat, Ty faking
e ccounl unceriunty, flexible calling and replacement decisions enhanced profits,

Wany ivesligalivns o range economics fous o siocking raes, becunsc they are
cansicered oo ol the mos impoTtEnt grazing manggeisenl decidions from the standpaing of
vegetatian, Tivegiok, wildile, wnd coonoeaic whore? (Togall, Leen wnd {_pm:lfn::.r 1991, 795
Torell, Lyun wowd Gudirey (1991} maxinized the rel presenl valos of wnnowl peadits. mbjeet 1
Avnames lingar codistennts iz, a form of LF) w camine nptimal slovkiog mwes. The problem with
stotic modzls 18 fthal thay ane doven by tallmg animal perfonmance iredoced] weiete, wcaie, sioeller call
e and 1ewr consueplion miles) is stiecking maes, incroase. ot ignoe €16 ungac, of prodog on
forure raee conditwon and proauction. The mndel cmplowved by thage raegnclars comrecls Dor the
Taer problern via te copwations of motion (dwmamic consoainis) Far mome gquadily and herbsee
prodaction. Mone of the wnpe nvesmenls they comiidered wiclded a positive net presssl walues
mather, ringe conditicn w therr sinly area (Colorado) was of mfficient quality that it veeld be
maintianed by appropsiate stocking of the range,  Upon compacimg O sl aod dyncc
Approashes, they conclikled diat the benehis of the owuliple—penocd. dynamic mndel are smmal:
melulive e Lhee stindanl muodsl. That s, ther dynamic appensch lod oo the sama canclugicn Cand
almos: the samoe et prosent valuc) as the standard adgeting appooach of Warkeman (126 disoussed
Bhrowe,

LUsing A zimnilar medel, heswever, lopa atd MeBewsile <1983 cone o an oppestls coneluaskion.
They Lownd that proefi was hugher 7 the ramgne was systomatically overstocked, with appapniace
range creatinents Applicd posindically fa impeove the range qualice, Pope aid MeBreds sladisd nnme

1L sculbiern Tem.,
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Bnr A setinns @vhleilion of range impoovoments (anes that go bevomd “back—or—the—
emvelnpe calenlation:'), il i impetative that dvmamie aptimisation rmethods are employed. At the
vory least, an L appreach i prefemed over siaples budeet analysis, because o budpet anelysis misght
Tead L d-:!.;i:.i-_ms Lhiett ame ol uptimal from the peint af view of s fowl eoerpoze.  Demaimic
opLreviaation is prefemed aver the sidic (ooe—penod) LF spprozch, boeanse ofZcrs oa lolwee rangme
cendiaem and ranch reniens aee Gken mie accoont. Ay indizated, dymamie apdinisalion models tuke
w awndber of differcat fars, teoe cwlliple—period LP: tn more complicated stechastic nxdels sucl:
A slowhie v dyianes prorenming and chanec—ennstrained programming, These Uepes of owoedele
e geneally aderuate im gituations where cagers condinon fprodoctivite) and the cattle enterprize j2a
the arly componcnos of the ranch decisiot Gl oeed W ke luken mio sceount. Tochnigques for
voudvzang investmones: in renge improdacments, and poge dedelon: mens penerally, have hecome
increisingly rophisticatcd in the past sevoral yoms as bokh cempoting pewer L increased (ard mom
pirwetiul sollwiane i availahle) awd 35 woe i ondeestood alesut bicecooocds modeling. 1 mow

reveyy those slvaneos,

L2 Mathematicd Biosamomics und Kanpe Improvemenis: & Heview

Tl rowost eacitings advanees in the lieratore om wnge improvemene: stem out of de natral
Tovoaree coonnmwize litorature tonee general’y. Thecretical wodels ewyploy patticular funclioo
Toarms oo poodel the vacgees J vosaoes, 90en oelying oo oy -Belzic's (1978, 1978) weadels [or veselation
prenwth om the camee” The theorsticel medels have heen sl provide immportant insights inkn

mngz improvements: snd other comnpomernts of range managewent. [ Bod'a (149971 mindel

o .
M cquasionr meer ofter employed i= .;-,!_J — ¥ — pw— gy, where ) in perenminl grass mrck. £ s 2 vegelrion grawih
[

pavanesar. 5 13 e Lvestock prizna pammeber, ano 8o oseckior mie Ay they am inlemesisl in b e™ucl ol seil
zresign on snil carelifan, 1T, Resly ancd Fagenlauss (19970, Tor <sampile, kit dis aquelion by mwdbplsag e Ltal
e 4 the righe=hand-cide ew enil dzprh.
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iiscuses] Brielly i Lhe previons scotion?, the cespooes of range conditice depemls an Lhe
Teracoms amemg wood?, aracses and praving by herbivores. Competicon batween weeds and prass
5 mudsled oving difforential sqpanons of tme; the offects of graring on placl vieour (ubility to
tespond o invaders) and oller pelulionzbhips arc modzled inoa similar faskivn, %t o5 impertant is
the expuiliboum thae the sysiem is capalle of aulieving Gad s slabiliy) and the approach dyoamncs
b e egulibrum. Tk conclusion rooted sbowe) depemls om o the parmmcoers nsed g he
tarbesbcial equatiuns.

Bowl (19T was nnt imfzresred in sgohomue aspeele. Monctheless, hin dynamic eeilions
zould form the comstraints for 8 bicecenonie mwedel of unge. Soch un approack was nsed By I,
Eeudy and Papowlans (1997 wha cxartined e cole of soil ercedon in a mndel of range
uoprovemnene, arguing that this is an oficn neglociod sapect of oogee ogrovermnenes in vore anid
mewions. They anplied their modck tnoa =gion it hMenzelia, concluding Uit eowsomicully apinal
eraam iy 0ol e o weslainahie grazing. This conchzion wae based on desumplions buscd on
Lot dinti, o recnrroge theme i the analysm of the eonomics of i nges mprosenssns,

HMuluber and Wilen MT98%) cmployed 3 predaeor prey mode] 1o wvedigse optionl docking
docisinns tor range.  Inothis case, the predacr was cals while Mo @5 the prey. The rescarehers
dmi'-;‘.::] d please ploue Jitaum '!.hl:'.l:' Courad arl Clark 1987; Clurk 199900 and anglys: the approach
dyniarics. They shuowe thal coemamic peoditabilioy depends nncothe Inical forsge sondiliaos wd the
meeiplay betwoen & phsical conversion prasimersr and A ceonoalic cooversien parerneter. both of
which appear W the cutbenziial eguibions that act ws comiteone: on the avstor,  Inootfeor, thos
sutbors dewemsteae Qe popettiowss of e dokeeploy betwern iclogical snd connomic fagtors in
Uymurnic analyses. They reilerae the need tor hinecnnomic modcling,

Standiford and Howitt (E997] wge a Bioesonons ousdel 1w study empinedly couliiple ose

vulmes 1o munge evonamocs (e alse Bowss wnd Kroulla 198% They poant cut dthet cimpirical




spphcaions of bisceomomic models of oy improvements have baen Timited Ty sevesil Taclors,
() The mambr ol slalke and control varables prechidss casy solulion of onee pothiems by
dynamic pograeuniag e su—valbed cume of dimensionalite. (21 Becose rﬁulﬂpl-:-u.q: ringe
imveskments Weolve virables with different tmez staps g.g,. Trees Lake longer 1o rewch metumity,
whilz wogetatian iz availabla witlin ane veark, there has bzen ditficoloy neating snel variables ina
single mr<del. £31 Soave virmables bave mequoalicy consteain, and s is DTl Lo bandle nsing
dymamic programming aF npidal cowiel Weery (eee br:luwjl. {41 Finally, available Jata cover
differene penods and nocd o be nreaiaied.

For the most part, Standitord aod 1Towill irwens the cracizd ook of corage, assaming thar
prazing dooa ned arteet faeage avadabilily, wd vice versa,  Howewer, their medel dozs make @
conoibulien te cange economics, aad indiscely Wi geedustion of canpe inpeovements.  They
SRArOIre Lrvesirnent where Lhree prociners ar gvailable-- cattle, fwel wood (oak ees) and waldlike
thal arr huntzd {wath all hoating henefitt aceming o the ndowaer), The wodel has (oar cantral
venables—I[orume allocated to hunting, supplomental teed porchases, mwmber of wlile o hold s
replaceneat herfers and quantite of fircwresd barvcseed aod seld el Lwe stide variables—nurnber
of cowe calf paics ad standune wolocoe of oak dmber for Toevweood. The effect nf stochastic variablos
v msuepgsroenl owie reflecied wsing chaner constraints, price cxpoctarions and warniabiliy in
precipitation (pad3ly The neode! weed was a non-lincar program {17 Only eeceatly has i been
possible to salve Brge—szale M1LP problems, althouga cven then thore ace L w e size of e
madcl. Rire is limited hyr bath compucing power aod G posblams mbersnl in Doding an eptimal
fep,. local vereus slobsal cplicoum, deeeoenwy of sclutwme, et Standiford wnd Howitt oacd
Ciahs [Hroake, Kendrick and Mocrans 195 fnosalve ther NI GAMS B oo conuoundy uzed

i agrec -l and foreshy applicacions,




)

Ths study employs hiceconoadvs e study ranpe sllocaden in Kenya, The problem is o
allecite the runge amemg damceric Lvesiock wnd wildlife, widh the objoctdve of policy w conserve
wildhfe unpulates. What policies me besl a4 accwmplishitg this rask? The answer w this guescdon is

proveded wirh rhe &id of i delemonistic, nonlinzar biseconnamic coeslel thar is sodved osing (FAMS,

1.3 Research Qbject ves and Myethudolugy

‘U'he stady focuses cn prpeale vemmen:al canshes in Machakos disreist, Eenva. thal wre
mvoived in pame crpping. The alyjective is Lo examine scanamiz inzentivez fior secamplishing
the Lask ol ullocating mange ezsomeses, pacticulacly the Tomsme resource, in 8 way (hat achieves e
ccnsarvation gnald of the Wildlite Copservaticn and Manugoment Ace {1985 and leads to the
grediest sconomic benefics oo the asgtias o] swcie ek, S funher ohjective 3 o develop a
concenlual Imamewark for soiging the formulanon of game cropping policy.  To cxaming this
esue, a dynuemc cconctme mndzl of rmliple wse tescurse allocklion amompEst vestock and
wildiile populations 15 employed.  Sensitivity analysis is vsed to edarie evonuioiv incentives
thiat cavse privatz landowmers o conszrae wildlile oo thei Lol Shmdow prices of game animals
arc derermingd 20 that they can b2 3 puide w0 alleengve pohoes, mvolvizg cotnpensation of
ranchers Cor resources wied by aame wnimwly.

The general mechod  adepted  for ahis omvestipgation 15 mwalidiecensiona]  dyvnamic
progratrning, which capas nar onlw the livestack and samne population dvnaocs bul also the
Dnrewrmwetions aonge e virkans i@l species {Conmd and Clack 1. AL any myven time, the
private corumersial ranch ayslem s comprised of o state vanable veeter of livestack and game
populations.  ‘I'ais vecror of state variables traccs a trajecoorr fheangh diwe goided Ly (e
populatcn Jdeynantic: o the spaci=z equations of Joogion.  The squations of coolicn capluce the

liwztnek and game dvnamica and their intcraczions. ‘I'hey alen incotporate game haraats and



n

livestock sale levels. which aca the cuntrod wariab'es in the madel.  The objectve fanetinn
comsists nf the dizcounted wel relumy fenm harvesning parne wnimal specics and sale of livesiuck
owct the planaine hemson.  The optimization of {he objective funcdon, constrained by the

ernations ol mtion wnd the aitiel state veerod values, vields optimal state vector, conllol sector

and shadew: prives eeclon voluge. “Uhese aptimal voerors constioue Qe selulion o the zoonomic
problem faciog e poivale comrretcial ranch cpeestar. Towdly, differont scenseics of e
harvrsring policy are g ysed.

Fuarthz1 13 the above, w background review of rhe commensiol mnch manopement and
Fia eenanmic models are poevided 10 Cheapter 20 A sparc geononis amalyeis of gametdomestic
Irccateck ranching 19 giecn o Chapler 3 Ar siamation of popmlation cwowil aml preduction
relalicns is wldraseed o Chapler 4. Chanter 5 facnses on the biocconomac model sokution amd

hapasting policy abalyses, while cecommendilions and conelusioms are fonmd in Chantar &




CHAFTER 2

A BIOECONOMNMIC MODEL FOR RANGE ALILICATHIN IN KENYA

Ranch maregers take wnd fmplement rienagemene decisiems, wilhin the conteal of the
ranch coosystemns.  To suide these devisions, managers ecploy 2conarmiz tiale. The ranch
pepsvatam conatitotes the biolomeal and busimess eovienmenl of ban tanch business and an

vpprepriacs eeonamic tngl for guiding ranch munaesment dectsions o the bio economic meadel,

2.1 Copwmeereial Ranch Bonsystoom Rlodel

A ranch mangesmesl plan® i oa Lhepriat of anch siness (Soddar, e o 1U75)
repeesgnting a ranzh huwsress organicaiicn. 11w o vonplicaced entity (Feans and Workman 11094 )
thal ¥ivws e ranch as a systcm: en Lhe one Lood, 3 views the ranch as 1 package of rerources
(ol el cesmees) and. omeae other, w5 a packags of vancus colcepriscs and management
OpeIAlIeoE Jenrmeht ranch operationsy. The minagmenreol ebiecyes form a link hoescen these oye
compunents. T aftain thess ohjectves. e manager makes complex Tosqurez alloceting
decisions whers corpplesily emanarzs from the dynunae noluee o Jieeswek, wildlifz and
vpzetation forage resources by wiroe of being biclogical. These resource allovilien delaions
cessu]| D weljustcnts o the current resvutees yieldinz 3 new package of "proposed resouress” and
to che curenl operaions and cuorprizey yiclding a new peckige of "proposcd opeiatiers and

entarpriscs’.



2.1.1 Ranch Resvuroes
Mwereed Lard

With megards e commezcial eanching in Kenye, ownad land cescorces Ueterrmne Lhe
soumemie vaability of commercigl rznching. Tenwes, sigs, soils aul ponfall characlenze these
razomee s, Toaed 1ee of commereial pume ranches varics from frachold 6o leaserold whils Lhe
una size vanes with conlogizal zonc. In coneoncs 3 and d, the gveraze raoch stoe 1s 700012 000
ba ael o zeme S5, the ranch sizc variey from [OCHE-20.000 ha,  The main soib 1ypes,

characterizing owoed lsnd mesoorces. are fands. sandy lnams or black zlae soils (Trart and

Cowynioies LET7),

Forape

The previiing vaperation 1vpes pioduce e feage eesources. In eso—clounic one 5 dry
thern-bushland,  woadland, chrublend, bash prassland, :houb praseland, ssocded  prossland.
eprassload s and peowkumen] swirnges prevad, They cegetaion Uy pes ace deaunated by Comripfons:
and Aeereta e wnd shisub species, and  Cenclreo celieerds asa] Clrlorts rocborg i 1rass spECIES.
In conranos 3 and 4, wondland, hushlamd, shrobland, wocdsd prassland, boch grssland, sbirub
erpszland, grassland and permanzne aampe vopetation tppos provail. They sre domminuted by
Avacew. Terminalic, Albizin, Loty Conplrefuas, Freeles and Faechoneatfie tree and shreh
specizs, and  Fhemeda, Hemerthela, Coveclentbn, Hepoerieads, Patlcom, Cyadal,  Jeramia
Sparnfndic, Chbaris and (pehoneaen Wrass Femeri.

The vepelition Lomos waonige comprisss nf hrowss and herhage which arc sources of
fored ot hovarsinge and wmasioe hecbrvores, respectively, Browse relers 10 e portions ofF waody
plant eneaics, such ws twipes, lewves, flowers aod (oils (Cook and Stobbendieck 1930), rhac are

comsurmed by aomale, wlile herbage iz the faenal pane of non-waody plunt species. Under



vendiliens of recles: prasslands, haibage consttute:. the entire farage resone. Under conditivos
of wnoded and bashed prasshnds, the tolal forege biomass is the smm of Declisee and browss
produciion.  In the Tarcr simation, herbaee and browse plant species gros in orecspemion wilth
cach othe: and, although they wse deflerent conlogical niches, ey coopele [or sunlizht; but,
vempared 1o greless grasslands, the incozdesd brovese production compensates tor the peduced
harbage production {Rlair and Bassam 1950; Deshmuokh 149410 In Kenya®s ari] ansd semi-anid
ranprelands, seasona, vegetaiion foraee bionsse is g {uncdon of runfall {Brattom, Ticszan and
hbeeaha [958, which iz e most linduog Cector (Laple £.17 and hence rainfall hased models
huve practical application in predicting vegedalion (orgse biomeass (Phallspson 1975 Jahnke 1952
W elie, Fieper and Souchwsrd 19425 Turgen 19543 snd carrving capesily (Phillipson 20751, For
cxumple, nnnuul ceinfall regimes of less dhan 7080 e wicld 2.5 ke of Jov cewder herboge pec

hectare per milornetie (Jahnkc 1956527,

Fromestte Fhvesemek

Livoatock rescurces are a key ranch eapial invastment and comprise ol heee medn
spevics, mamelyv, canle (Roy irdicws), sheep (Ovir arfery and geal {(Capra Adans). The commonly
Coounud catle bressls are Tmproved Quran. Sabdwal and Sabd wal crosses, crosses of :.:".uhu and cxocic
hrezds, and exotic brocds, The commnnly found sheep breed is Drosper, which is a eresz hreed of
IParscc Harn and Blackheaded Persian. And the zommorly found geat breed ig GGalla. Indivichal

canches hold coule singly er o corobinaion with sheep anddfor prosts.

Wirker
Eonch waler cesources loclude proond wdder il sucloce waee,  The grousd wiater

resoniress comprise of springe, shillow wells and bore-holes. The surluce saier resources mcluds
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PETEICTIC £Tr0d M8 Gid ivers, carlh dams, weirs and ok valchmenis. Borchaoles and 2arh dione

are the meot! cornmen soarcey of water.

hker Camited Resnurmas

In addiss o bivestack and warer, efher gancl capital resoorecs inzlude dips, bailding,
Twesinek handlinge Faciliticy, tocls and machinery, aml [eocing. The ranch alao hinlds operiling
capital wvestoenls (npuls) such as mincral sopploneots, doogs, luel and oil, end statinnery,
Thewe vipill mvssiments sseve to incrcass the aach’s profilabiivy, after fivestock and water

mvesliuenls ae i place.

Huwmun Ravoverces

[T rezounce: 1oclude all persomnel employed by the vanch, cusging from laoour
epocilically employed 1w ook efter cattle to goncral labanrors A complerly  developed
conuakicial tauck mezds oo eyuivalent of 12 w13 pecsons pec TN head of cadle (Trarc and
Craplina E57Tr Capual invesiments help Lo sobstitue for hwman labowe or improve its efficiency.

In additinn, the ranch coplove ac least o manager and an 338 isan0 ewdiger.

Wellire Herbivores

Wil esounces are o oalual and renewable resoonze that comprises of vanous gams
arinal apacics. The commnnly tound animal specizs are Thomsaon®s gagalle, kopond, cebrn wml
wildeboost as ptinsipal glazees: pizafle and elmdd as procipad boowsers; imopala, Grant's marslls
and ocys s rmiced Tesders; and ostnch ( Stk coorehies) ax a mived focder game hitd. Thors are

Alsn rosidene or occasinnal prodators that inchide chackah (Arfnases fabafus), heena (Orocns
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croewia), Jeckul (Caude gp), Lon | fenthera o) anc wild dag (Lycaon piows) [Sommerlaths and
1Toceraft 19%2).

Wildlite anc Livestouk resuurces wre binlogicad, so el slocxs shange throngh Hime ar are
temporally Diercelated. Criven a fixed land area (ranch), the taue of changz of their papulation
baomass cquais Rirth rate o1 of merlelily rate plus immigeation el of emmiputen. This shange
iz a tunetina of stamlisg populwion biomass, harvgstisale levels and rainfall. Reontall impacts
biomass change indivcelly Gwough vepetanon fizege.' A general wrdel depicting dhis dynamic

behayicur iv eompmized of difference eqouaiems of tha goneeal foem:

(2.1} Mo Myw U E e H o BT i1 2

IE i a stone variable coprosenting horbivore standing Diorss of speciss | dordng period 3 Y, is 8
Tarvestfanle zuntoul varlable of herbivors spacies § duning paind a1 R, 3s tutd seasonal caintall

1 periegd 1.

2.1.2 Ranch Enterprizes onel Operatons

Ranch mansgers allovate their ranch resoorces amengst the manch “znwrpises™; fdar is.
Junsh Fenlecprises” are the Cubjeels” arainse which runch resonmoes arc allacated. There ae tea
cateromee af tunch enterprses, eamely, liveseock enterprizes and wildlite “enterpeizes™ These
toen coterprizes opcdate s de-ly-sids, This cosgistencs of wildhie and Livestock on commerciol
sl icevilably aesalts oocesousce coollicts. Such centlicls take the fam ol compeditinn for

foraee amd waler betwesn veswock anl wildlite, predatinn of livestock by wild camivores,

Lol clutsn v setivwsnal '-'u_u,l-_'l.a.li-:'\-n |-IIE;IEH- Taeiriies were il o lickle, Thic maskey < irn]p-q,:-ﬁ]hl_: o modie]
raintatl-ferape-hebivors bicmes direcily.




tramsmissirm ot discaee 10 hvextock by wildlife, and destruction of sroporty by wildlite, Allhonsh
there exisrs A patgoliol displacemzne of waildlife by Livestock, thess conflicts are nor @0 sedogs s
tnomla et the duad wse ol a given rangeland by liveslock and wildlit: {Inecinativeal Livesiock
Center lor Afmca 1978 In nthar wonds, o corobined livesiock and wildlife cange use ior
rltiplens: of e sogeed o ou lechnical foasibiine and, ecolugically, it may cven sepresent o
maie efficienl wiy of Lpping the rangs resonicdes (Boneuler and Warkrnan 19040,

L.ivestouk enlerpriscs comprias of eafile, slesp ond zouls. Ranchers operate shoup aralior
gaar: Together wilh vollle, slthoagh serne eanches openite callle @5 a single enerprise. All e
livesteck opeealions cely vo oatural graesiand.

CAMLE ane prouicile J__?ru.z.-;:r:-i amd their rgin ranch praduct i& beel cornplementsd by milx.
The 1atter is A product of Jary ranchong snd e occarenze depends oo Uie avaibubiality of @ milk
erirked, [or exienple, in proxiocity @0 othan cenores, and it o5 alwiys eperaded in comnhination with
beel produgion, Deel prodoction ineorporates 8 brecding bond (cow-cally and Eattening. It may
alan incarporate fivistiog of Cwnalues siecks booghs from off the ranch,  The avemee doily
woight gaih 18 026 ko aod dpe ol Mt calving % oo o thees years, deprnding on maoa:oemso
stundardy. Well managed ranchas have attained an average calvioge tale of 20% (Skoviin 197717,
The Lyeeding herd comgprises of the ato of three bulle to one hundred cowes. Calling is donc at
the ape ol welve wears

Sheep st primarily grazers, proforring e grasees, and are normally kapd in somcbiadivon
with carle, The maim produs! s mocon, Eawhes atlaim an geerupe daily psin of 255 p, five
weight of 33 kg o [ve weunths osod lambiog peresntnge of close to 100%; dospitz twinning
aniliy, che latter & low due @ ponr sheop managemant standards {Prart énd Gwyvone 1977 A
Tirazding fleck pensrally comprisas of ong ram o sixny aves, Averags Ul afe 15§15 veace

with a rapkacement rate of 174 T Year.
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Goats are prrmTily browsers and ranchers normally keep (hem in combinacion with
callle. Meat i their mada prodec, Well menaged ranehes a1iain an averapge doiky qain of L} e
Live wenght of 22 ka in foor maonils and an average kidding rae of ever 10055 doe o mlciple
kidding abality. Average broofiog mge is siplieen months and A tepical breeding Oock comprises
Ll ane buck 1o twenly-five females. Average collingr ape is st ren yens, a0 e roplacement is
105 per ye.

Wildlife “cnterprizes™ jnwolve cperations such as gane hobilan and  pepulation
axunagernenl.  Hubitat mansgemenr invelves maintaining andfor segting aside preferred same
Bualiitiate o Ll sources. Ramchers maamagc ganz population Lhrough cenpping. R this reans.,
ranchers realise vulpol frnm wildlife “créesprices;™ howe ver, il sequres hunting “2ffosr(F) — e
e, m bours, speol to seanch and shone an animal. This 1s 1o contoast ta Hvesoosk that are giariply
winlbead b mowckit. The major wildlife “enleprises” inclode vaneus grazces, mised faeders s
brovwsers,

Chisgers nclude Thomeaon's jmrelle, komgoni, wildebesst, and webr (Government of
Keova 1979, Thomsom's marelle pector hahicat i cpen plaios or lithl Acaces woodlands,
mzluding tall grazslards that have Deen greed low oy olber animal apecics. Thew soeial
e sl vorpises of herde of 5t G wmmals or more (Govarnment of Eenya 1979 Theic
sesleliom penad i five omths. And they aftain @ watre weigho of 182w 272 ke (Sachs BT,
Cinvormment of kenya 1979 Kanpeni prefer 1abitac i apen countey (plaias; and gall savinny
woodhands, Thew secial cogamsdion cemmonly compnoses of herds of 4 oo 5 onirale, althongh
lazger herds ers elio found {Ciovernment of Kenyal, They belong 1o e Alcefupfines “tibe”
cHuxley 1901 Maoss 30501 and oiow b0 a coatuce werali of [37-205 kpr (Sachs 1967 Government
of Keova [979, Wildebewil v prel=r habtias in open and wosded rrasslunds. Their social

arganisarion commpriaes of large hords chet can be migratary e, with a pormaaenl saurce aof
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warer, are resilenl as 1 in the cass ofF vopmercind zunch popuoladons,  They belong o the
Algetugliieey “obet and grow o 8 mawee weidl of 10 to 27 kg, Their sestaivn oeriod is
claht s (Government of Keoya 1%7%). Zebra prefer hahirats in opet srwssland plaens,
wisnled grasslands, and sob desent and ard boshlands. Their social orgmization compriscs of the
fawily el of wp te 15 animals, coyrised of une stallion. marcs and their vounes, They attain g
meres Veeipht of 227 to 320k o v a gesianon period of ome yaar,

Migel fe=ders incfode Grant's aaeells oy and mnpala (Hillman gudd Ihillmen 1977;
Carseirianeot vl Kenya 19795 Cirant's gazells prefer bubilat in open grassland plaing, canging
froml shorl grase bush o thick hesh.  Their sodia organisation comprises of small Leds.
Togelbes wilh Thomeons gasells and impala, they belong oo e imedum-sicaed antelnps “'tribe™
ralled the Aeifforieestnie (Huxley 1967; hMoss 19750 They allaio o medoee weeight o 43 6o TR kg
(5ache 1967, Covernmenl of Keaya 1979). Onyer peefer Dabilal in open bushlunds and shen
grirszlinds. Their social organisation comprises of hed Siees aogine (oro 6 we 40 unimals and
they rend to e asseciaed witk GranCs paselle and mzhea. They grosws b a mtose weishi of 132
W Z05 ke (Government of Kenys TUT9. Impala profer habitats woseoodsd foeslaods (Talbot
ang Talbet 19613 Fhay are resident and socially gregadous, Tooming breeding herds composed
of fomales, dependann sranns aucEds ool ooe dowsinunl male. Bachelor berds coneist of males of
all wmes . They allain a roaviere werght of 20 tn 85 kg and have a gastation period of 196 days.

Broweseas inclwle gialMe aal elarsd (Governmient f Keangg 1870 CGmlle prefer bnbilosa in wooded
ur Taashedd pras bl arcl vipaman wodlands gk Geed on o wade raoge of 611 oees und bushes with a special
Tiking oo Acaciz and Balawiees tee species They are st bigh v emiorial bl indavidie] populnbons mene
wihin o Tasge idanufielle aca They live i wrstable goope congrisen ] af several Gonilees JGevemment of
Kenga 159099, 8 male poalle drase & nobne weizht af L0XE kg (Ssche TYATT Lland preler bubaid in
varnn e th:-:l:lru‘l. il Feoesl sl baxhilamil, Alibnaer tuesy alsye e on open praschinds, CTheir so0mol

TpAnisiats ux connprises ol large bearls ol op oS0 annee b, it cecre comonnnly 2151 amnels, compogssd of
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e rrale; demales, veadings and anials less hin one vear old. They belniwe 19 U g aolslope
“ribe” called dlveinphiee s wil o ovemp maes wieight ul 5390 10 840 ki, Their sestetion peind is 267 diys

dhevermmoent of Beowva 1979090

Concntnitanr wilh hes “anleepnisss”. are th: varioos wech operations, namely, svaziog (amimel
distdbunion, Tange iIMErovements, aod hvestuck imel wal llife mangemcnr.

Ciraring (andd animal) disleibulivn i a presing strarcoy for equitabls and eifocnt eee of
ranch Earege (Heady 1981) and s ol more casily wehicred with Jjvestock than witn weildlife
@nce the lattzr are net amenible o diesct human control. Teelmigues for conteofling livestock
disrbudon are salt fick placerenl, distnibotion of wutering points, honding, Feoving and
deplayment of graring svstermns. The Laer inclodes comtinueus grazing and redalional gracios
ey | Holochek, Ficper and Herbel 195821, Ranchers aweun distibotinm snd conteol of wildlize
thriwgk hahiat manipelating, n ermws of Teod, cover and water availability, and thicmah gaeoe—
proot Fzncing.

Range impravament refes W “srociuees amd pruchices cmployad in managzmen: of g
range fnt the prrposz of maximiging productivity of the runge sysiem™ (Booyscn 1978) inctoding
mpnipulativo el vemelolivn, Yegeahion cenge improvemont practices A a mcans of wcreasiog
ils prodwctieily (Mueowsen 1978 and inffucncing wildlite habitar, the lamer resulis o preaer
comtrol nl wildlire {Holzchek. Picper and Herhel 1989}, Thesa practices ioclude bush conteol e
lange seeding |1Heady 1981 Buoel conlrol 15 necsssary in Kenya®s wnd @nd sorsi-arid rangelands,
becowes the successional foroe of vopctaton o woweerds wonody type ar hoshland  Cicker
{Harringteon 19811, leading w excluwgion of heebacoous pland specics; potable tree and shroly glaw
species rhat canstimte 2 knsh peaklam i commercial cinches are Aceoas dremonochis,
Turchonanrhus  camphoratus, Seqcta Drevispica, Eoclea divinarum and  Comchrsmim spp.

Ceasslamls ocenr as a result oF aeesting the s suceessional trends by ammpalacine e vogeiation,

This also eads v higher erass prodectics doe e ceducton of cemipelition Trome the wasdy




Epecies; prass productivity incrapzes Tram bush conural of S0% are feasible iFrall and Craynne
L9 Woalso Jeads booredielicn of selse-fly infestation and auaine grecler control of 2ninals,
Methods of bozh control Dnclude haod cemeval, nse of fie or ceowcwlled buming, chemical
concel, mechanicat cuotro] and bivkagical contro] ireclvicg boowsers sush as poat, giratfa and
ehand.  Cheice of conrral jnethad is governed by financial foasihiliy, The most commonly
empeyed methnds e hand conleal, vze of fire and binlogical conleol. Raoge seeding rescres
grass cover of the desired pland species on mun—down ramges, I Serves oz a land tectzmacion
measure for these hadly deguded areas. As 2 mnge improvemen, pzzclics, it nol ealy incmeases
Tiss production but also arests sodl encsion,

Anrher fomneat rangs improveroent 1§ oanipulation af the ranch physiaal avisnmen)
und campniscs o water dewelopmen! gl dislobufion, snd comatruction of raneh Structums.
Water serves ws a tonl for disributiog aoboals cod. bence, s an inegral compnnent of grazing
improvament and rlannimg. Ttg divclopaeol 15, heeslone, cruciel o the succcss of ranching, Tw
wverage, Dvestock need & mimimum dailty waler ke eguivalent o 25 lires per anined ani,
Addricmal watzr is nocded for the areadant buman—laboar-force: s s estimated &t HEE of the
retal liveslock wiler reyuireenents (Pruall and Cwymre 1977)—the more livescack thers are an a
runca. the highor the humen awcndant lahoar forz: ard o higher the tola] humin water
requirgments. Crame animals wals Deed wust alsa be laheo il aceanl. Thal iy, the g wmm
weler dlevalopebe is elaeuil am al salisfem the tolwl ranch (potental) Lvestock carmying capacity
ncluding ultowances for the attondant bomen lsbour force and game aoiwals.  IIs even
distribueion 1= cqually impactant. A gingle watcring point should stres on area of appresimalely
S0 buc, This 35 equivalent Lo oo Jistaoce of 4 kb [ o walednp puint W the Tanthes) pracing
aren,  Physical ranch strecluees nclude (eocingfpaddecking, wnd constructiom of pacds and

crushes, dips wd spray aces. fire breaks ol eoads Femeing poddocking roproves The elliciency
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of herding labour and Lactlivstes graring contrel, Yaods and crushes fagilitate landling animal.
Dipafzpeay paves [ucilitate cick cenredl,  Pimbresks ond enads facililawe (o conool wnd
cornyiumivaticy s Lhe ranch,

Mo roentioned esrlizrn, rhe ofler lwu mnch oporatinns concomitml with “emborprRcs”
chosem are wildlite and livestock management.  Wildlile geoaesment invelves cropping aad
Fabrat contlal droueh vegetution manipalaton aad waler development tn xfain appropoiae
animal dizietbolicn aod syelable angzs wsee Livestock wiremeroenl is meech rore Slahorae. B
auns al allaining hagh hvestock perfonmanes standands Ayv u st stop, it §s necessary 5 stouctum:
e herdflock. boeed on similuritics of manapement fedaements,  For srampie, & basic carle
herd stclume compnsss of (1) brecding heifos and cows wilh salves {with or without bubls as
approzcialel. (2] weoned calver and stock undsr Dreeditzg age, vod 33 skeers and bolls nar in
survive, Henlllock stmciure Tacilitues implementation oF breeding cooriol, disease control and
remiting ppeeaticns.  Breediog conimol mvoles culling and selecting replaceren sieck, and
aynchraniguig eabeipdlimbiygzbadding with fotapes aveilublbity and zalzs Atratzew. Wainenpaoce
ul wmmin. health mvolves dipping or spmy racing animafs w0 condmol leks, de-woandng,
prophy lactic velerinacy cafng and animal vaccinafing, The presence of wildlifs has sn
eiHdeminingieal offoet on herhivaras that may wersdse expeodilures oo Dvestock disease comtral;
heowever, i1l 15 possible 40 atlon o stlable cquilibriom botecen borbivores and grazing-acquircd
discascs as an caviremmanal adapraton (Morley 19810, Ronline practices include baaudiog,
cindfialion, ol coufliog. supervision Lo eoanl agamsl predaters, sopplementa] fecding,
keepiny records wnd moacketineg brending zermves us an idenbfication tag for tracing stalen and
atray enimuwls. Lhoic oporationy wim at ettuining high star.dards o animal perfomence.

The @b opcrations invelve Iaboar, capial and managerial skills and account for sanch

producaan expenses per peood.  bhe ranch opesaling capital (expenses) 15 compnssd of laboor




und management expenses. parchased npots expenzes, wnd maintenarez cxpenses. Depreciation
v the cosr assautated with inennediae fenn capital investmons Ceockine cupialy such pg
vehizles ad wochinery. fencey, and Lvestock. Toemes: on waorking capital, which (ot & dehe-froe
rancly is an inpowed enst, vepeesents a0 aldienal cost item. Retuens o capital ded-up on land
and investmanzs fized on i, such ws borcholes, ane the cesidwal rom oraes ranch inegme alter
deducting aperiiing vaptlal, depresiatian an werking capitl and intercst on weorking sapital and
ia primarily 3 reacn Ly land (Kearl 19447

Fur pacpuses el static ecomomic analvsis, fined costs ane sunk coses, 50 e raleavant oe;
nCnTR: i3 RAL ezl o081l (ur Tenll—urnss reten legs variable coel. Lhis iy primarily retash Lo
wanagement, capital and Tad. Gross cotam per perind compiises of ofl-kke from livestock and
gamnc anirmala. Catlle ol fake per pened compriscs ot mnathly sades ool eof purchaszs, while
game anima: ofi-take per penod compruies of ootal harvest cver the periol.

CHHake tepresenly culpol fnm euch manch cnterpose. 20 28ch fanch “erlkerpo s has wm
embedded “producticn ometion”. For a laed srea of rangeland, safeafameaer Jesals (8, 1 s a
fneticn ol slovkiog level or slanding herborore prgulacion bionass {15 1 amd hacassiting cffor

(L, 1. The Lellowang are suitablz represcatatinns of this "prsduction luoction” (Conrad and Clark

10475
(2.2 ¥, =H (b= und
(2! ¥, —aH, furi=l23..n

Model (Z 2% applies w wildlifle whale 123 gpolise 1o Lvestock, provided hord-flaek groath iz

genarated from a brocding herd-flack.  Under circwwstances where hed!flock growih s




peneragd [tom purchased livestock it wee finished ar ranches to @ sale weight, (e owtpl

oo 1.

(24 Ya=3,

whene S 18 Ivsstock salos of spovies o period 1—u control vaisbfe,

215 Commvercial Raneh Riangement Objoctives

Runch menagement elijccrives aee o secure the groarest cotinwens profn (Tahnke 1982;
Kearl 1952 Urarsby 1989) and to achiewe cerlain wildlile-rolared ohjectives (Kenwa Waldlile
Service L30T The tanch manager alleeates the resources at his disposad amongat variaus canch
eolerprises (Hveslock and wildlifz) in sueh a wiy (bul the manusement ohjostives arg realizal,
[leweser, Lbe manuger has Eraited resonrces and several cumpeling uses (livestock encerpriscs
and wildlile “enzrposes™). Uhoercfore, he fecs an ccancioie peotalam of allocaton.  He
eodedvors Lo masamize the sum of discomted per pefens per peried vver his planning horizan,

I addition tre the prolu masiooilion obiective, the ranch mangor Tas an *Loposed™
wildlife corservaton clivclive.  Haher chan allocating ranch resonree in 3 “ladsses-Cacs”
silugtiorg, where be pursuss protit ratmi zatinm unhamperad, he e doga o soch o manner tha
sakisfics rostections wmposed by instiational togquies ments selalsd loowildlile, as laid down by
Kemvva™s weldlise pislicy.

Allecackan of raoch reeourcer toay or may oot leac o sdjwsonenes inozsonices ad
operariens. The formee applizs if th cxisting "maragcaent plan™ is oplioal. 10 on the other
hang, the oprimal solition resulis in a difterent “iandpenenl plan”, there is cancomitant noed for

acdjusimenty I comenl mesounzes and cperadions,  Por exwmpls. s aaldbife policy change tfrom




gduve preservalion o conscrvation e Lo aljwsiments in prevailing capital stock 1r inclode
mveslments o gare crapping (laughler lvwse, croppine vehicles, crapping labour, ey and
ajustments io prevailing opetiudons Lo include prpnlacian managemant Aot same CTOPPiNg,
This eesulled 1n a “mew”™ runch managemsar plan o peckime of new resowces and gew

aporatinng.

&2 Comuercial Rinch Bisweeonomic Model

The dermics ol Jomesius snd wild hobiveses, within the broader coadesl of the dyoumies
of carureltial raoch grane seeteme, une an ntegral consideration jn derceiining proper slocking
rarcs A 1T Tdsivore speeiss mis, Wildlife and Avestock esources arc dynamic Ty virgog of Teing
Hological. In the absence of barwsstiowbale, their stecks change through time &t a mAte equal fo the
hivdy =ite les: rmedalily rate :md nel migration. This rae of changz in a tanctian al alanding
propulitivn bivagiss and seisomul conlull: the latter influences tho systemn direaigh canying capacity
Thillipsoo 1¥73 Chagre i populaien biomass of individuad hertbivors specics a5 torther
mluenced by 114 interactive relationships o other horhivore spocics as A realt aF 3 comman Taso:
hase.  Intcracdive eclacionships are negative, pasitive or Zeed Jepetdusp o whetber the wderaciins
species ame corgpeliive, cotmpliimenlory ur supplementary fvan Eooten, Dulte and Kinywa 1997

Carmdng capacily serees as an opper bound on the siocking rate.  1tig she maccinming
slackang wilhaul Swsing peomancnl damwere te veectation or soll, withcugh some have guestioned
¢he validity of carrying capaciy as a pofion (2 Budiansky 1993, I 15 vsed o tbis stwdy Lo
sugpes] & Lot oo the capasity of range oo hold™ e Techieares i coopetition with sach el
piven limdied forape availahikty.  In Konwa's arid and somi-arid rangelsndy, camydng capacity
[Trcluces dus to ecratis rawndall (Peaft and Gwynne L9770 o order b2 caprure chis aspest, carlying

capacity iz cxpilicitly modeled as a fonction of wotal sesscnol ranfall. This makes it possinles to
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analyae he eflect of droughe on oprinl selation values. Tt alsa haz e adided wlvantagee that, by
lreslinpr currying capacity a8 3 vaciable, i is endogenos tn the madel,
The chenge in standing pusulation hivmass s modeled a8 @ discrete—lime Ingitic

equakion {Seamicld and Bleloch 1986; Anderenn 19897; Cangh'ey and Sioclor 1954

'Hl'l + E"ﬁ _i” I
(2.5 H.,, -H. =,-1.H,-r{1——§;} —a_forij=1,.  wmoandizi

Heee Hy, represcnts the buogidss of herhivore §in poriod t B is otk ginfall o pened 15 B
represcits the rate of pogmlation Taowse chicyze for aerbivome spocies & Doe o be pacameter &
cach axirmal spevies “ws o unigguee caomiog cupscity, which was also decmvearcd by Hothoea |199a] The
lerm A, neprosents the intzrection affaet of herbivors species 1 on spociey i—the ineroction
PACADELET 1 OeEatlve, Zeo or positive depending onowhethor the Doeraclive relaionship s
vowupleroentacy, suppletnentary or chmpeitive, reapeciwly I pivas an estimae ol exchinge
rtic o7 @razing praamre equivatence amorp species,  Headw snd Child (1904} huve proposed
dppresinnle exchimee mbos baxed on melahohe weghts (Table 2.1} that comld be applicd o
herbivores with sinilur dists as a guide; lor specics with difforene habitat Toquirsmens, thase
cxchange rating shomld ke madified aceordinaly Ty 370 exchanee @ios wee =odorencusly
determited, chershy taking inoe aczaung defesences 1 Labital neywiretoenls umong species. The
oo &R, is che “herizonal weecapl™. oo carryin capacity thatl depaads oo rili.I.JJ-illl. It iy the
lea ized of endoeenously Jdererdned cacty o capdily, T lum, &, represents the ey of comlall

on Lhe camying capesily ol hechivore species £ The Lo slep 15 5i% maalhs, comsizlent with the



bimcatal disinibution of raondall disimbacion thal o wm ves rige to owo growing seascns mcd Lwve

UTHEILL SeLEs.

Talale 2.1: A ppronimuace Exchange Ratlos firr Matore 4nimuals Busied on Metabolie Bady Weizl

S . Apprasiiriue waipll Mk Exchanza ratios 1Mo, per S
g 455 14
Tl 455 1.4
Zchra 7 15
Wil l=hees 152 2.8
Hameboest oongoni’ 135G 25
e AR A
Trupiala A5 a0
dusal I5 G0
Themson's peaclle 23 10.5

Sourect Heady and Clald (199475

A moda] hal insorpomles sides und cropping is ohaincd by modi Py ing (2,57 as:

A=l

o= 3 g,

[2.7) -"'-"...u-H.-.=I?.-H;.'ll—+1—}’,-,.Il.:-r.:.,r'=l.....n.m-]r'?_,n‘.

wherte ¥, represcnrs the harvegr and <ale af heclavaes 1 dunog peciod L

Trealinge carrying capacily 25 un upper bound on stocking rate has a rational meaning ig
the comtext of the ammal fomage demand cete vis-f-vis animal forage allowans: {Canahley awl
Sinclair 194 Crnocpocally, A, R, represents axirmim animal vnits of hetborore species J ke
cen he suppored throngh perind + 06 monthsh. Accordingly, Lhe masionm available [omge

higrnags in peoticdd t3 (& B ATMs, on the one hand, On the oler hand, the wigl Momse

dermand rute in pecisd by herbdvore species (o (074, '—EEUHFJ | AT, whens 2, plays the




1)

rle af the species mxchunge ratio tat cogverls Iy uoimal anes i i-aquivalents, und & cofors to

the= nurober of monthy in cach season, Thees cuses con tnen he Llont e,

1=1
(271 Case AR -0 Y AH D

4
Thix implies that available forage exceels The drey—mateee satiation reguiraments of the sanding
popLlaion ol herbivere specics I Under such cinoumstances, animals s2leat high qeadity Torge
wilh the resuls chat they decive enough nuineots w meet theic maintenance requineneots e Jeave

i balance for growrh and o production. The stending herhiwares popoladion increases,

4=
(287 Cae?: 4,8 =14, "'Zi.'.""";.-i'
i

Thiz plies thac the available forage cvacfly maches e eolunloy  Doike  dry—netier
requitemznts af the cxisving populadon of herbivore species ¢, and, wder poor quality foraes. i
amonnr is just 2nongh o oyl e ammals’ imainienance mpersment (Kearl 19840 In adher
word s, animals e el eble to select o high-guolity digt; what 3= on offer i jost conngh o satisty
the amimale” wolumtary inleke.  Althnuoh cthe animal is 2ble & meer its waliniaey infake dey

mater toquitemencs, nality rarther fhan quastior g che mast licdees factor. Wileal an
GppOrtunity o sal2ef, undanls birely oeed thear maiolenince notnent cequiremends, leaviner ao
serplus nosments for wowth and reproduction. A% a resolt, suanding pepulation chanpgs is zro,

irnplying that B, i st toaximom soerminahis Teeed,
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il -
(250 Case 3 Gt ity 1 3 AH 0.

In thie cage fotage detnamd by erhivore specics 7 s greater lhan the carrving capasily, The ceault
ri @ decrcase i standing populution of herhivnne spocics 6

Blouking level b cunlinpent pon managedknl aoals {Cvans and Workman 19947 am,
trom 4 hiclopical prine of vew the ranee management goal is Trcadly stpalied in the ohjective
ol wchicving thx highest level of axiimal produchon eormmensnrag with maintoining o improsing
ramge eondition which ¢oinsiles with musimum suatninable yicld. Thi slockinge e implied by

Lthiz eoul 13
(2,30 H.=i{i'-”:iﬂ‘ v Bori =1, o, amd §
n 7 . — [l L] e dd, - -

‘I'hat iz, rba stncking icvel that is comumensurale with mesimam sustaned herbivors off-take and
e elbiviors proeine opiuosation hypehess: $Williamson a2 @l 1989, This manageman
wpproach wis mred by wvun Hoowen (1994) inos8 cempurer gimmlation stody on oeAxiceeo
susleanuble barvesting strutcgies for impala. Conorary to rhegretigal expecialions, Lhe maximum
sustairahle vickd was acained ab populalion levels gresier o 30% of Lthe carmving cupacity, an
irlelfact of mudet assurnplions on the melasonship borween fooundity and densiey (van Rocyen
190,

Tax poal of unch munagement, however, 15 assomed 1o be profit mezimisation—the
major function of commeroial ranching systems is generabon of coree, in onotrast to sacistring

stlzisience necds Owlnvant to pastoral systems), and the nwowe not insone they penaiate the



11

better, hende e assumption o profic maxinsaticn chyective. Uhe stocking level inmlied by this
sbiewiive s based on economic clliciency. That s the brsis of defermining the WPRTCNC At
slocking rare 5 net peoen co the land. whizh is the most limitiog preduction factar under
rangzland conditions (Workenun 1986). “I'his approach of detennining herbivore stocking raes
aned, mone generally. alliacing land resaurces amangst domestic and wild hoedivores in Kenya's
romgrelimds Tand African scrni-anid savomas i senecal) has been lacking {Keurer ad Workrnam
199). Ay ot in Chaprer 1, sconamic analysie of commersial ranching svstems has been
winnly purlaal, tocosing on liveseock, wmd watfc, wilh the main sconomic tncls having vluded
luesar progrumming, partial budgeting and sioulation swudies (see also Scamecechia 1994y, Ly
veulzisl, counsreisl ranching systems e cowpleX dynanoc processes. and multiple-nse
vieuzideralivns ace imporlant. A dynamic apprnach W 2eonoey arcdyss 1= theeetone sppropriate.

In ths sludy, Euse an optimal conerel mode] 1o aalyse the economics of commercial
game ranching systevas. [n the model, ranehers ac assuned o weaimeee Jiscoumed et celoms
from sale of dvrnestic livesck and from cropping (huneing and gale of) wilidlile vopeolanes
stbjscl o herbieore populetion dynamics, initisl ctanding popalations and pame aoinal policy
rearictons. Although wildlite are 2 pohlic gocd, the perspective laken io this slody is that of
privare cpiinusaton. Raochers ave provided vser notas we wildiile bot such dights might he
comslraine]. One purpose of Lhis study iy 10 nvestigate those conatraints. The abjective Rination

cun b speciled as:

2011 Maxy oY RN - WE - BT W Pure),
= inl |
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whare = i samd ¢ iz the real provate ranchens) e discount mate; By s eal gross price pec
-

el unil adjusted for a1l wanable cvels cavepe effort in the case of pane aad livestnok
purchuses in tha case of camle; Wis the real oot of oot per hanr; B, §s io houns: 1Y) s off-rake
i arieeel omily;, wnd Puare, is purahages of baog wsarhnom in period t.

The: comelraints on ranchers are al leust thoee and possikly more when government

reiric liums s daken inte account. Fiesr is [he widlile populeticn dynamics, 2iven iy

-

M E.J.UHJ,

i2.12) Ho —-H,-8501- 1 Yo, lericf=10. o0 md i),

&R

where there ars o (=8) game hafdivors species. A second consoraint gonstionfes e pupulaticn

dynarics frr cattle, namgly,

1213 Ca,_, -Ca, =5, Ca + Pure, =Y.

Then thers 1g 1 conslraint desonwmned by tha staming popalstion leves:
204y [Ha Hoge Hon | = [0 s, ]

Cther relevant construints reflect the wildlde ohjectives of government (pelicy constrrine:), and

e ane consideesd In mone dokail in Chapter 3.



221 Herlsvere Spevics Mix

The mulliple-nse of Tange resanices iovulves combined vie of faneh fordme by Liffeoent
domestic and wildlitz species, Cu-exislence = made possible dae fo ecalepicel sepuration {niche
seprarghiony derved [rom didleremecs in Sneage and baoial prelecences [Dunbar 197%),  Fin
exavmple. grazees derive their fowd seguiremeot mosthy from herbags plans, pacicolarly mes
plunts. wehile browsers foed 1mainly on wees and shrubs; mized feedears, with a prefereonce Jor o
wide range of plant epezics are inerediane belwesn the two groeps. Within each calerury of
arincaly, dwetars requiraments afe [udher sepataeed based om proterancas Tar dillersol plunt
zpecies or dilferent plane pars; for examgle, giralle feeds at o hipher beowse ling eompared we
mmpaly on Lhe sume browess plant speeics (Lo thold and Leathold 1972). Prefercnee for ditferca
plant parts by ditfeeene avimal dpovies may esull ) gracing succession. Hoologieal sepatation
showes ap i rthe: aeenpation of different 1abitats by differen specics nr femparal variarion n
occupation of the zame habitat by Ffferen? speciee (Duobor 190°8). Also o given habitat may
provile leedmg bor wome specics, while for cthers ie provides cover, This 1 wel anciher exumple
of nicha reparation.

The basis [or differeoces in dietary selectivity s anatomical. Crarers have thels lower
incasors ubligue o the dower pae almost parallzl s anterior flear, and the more selactive
grazars have narrawnr Flers and monrhs,  Browesecs, o the e bawd, hiove thedr lower messory
apriehl o e jaw mobing il sasy e siap ol leaves from bronchoes, Mized fooders anatnmiezally
oocupy an intermediote poaticn hetecen grosers and broweses. Lnder canditions of low focagc
availabilicy, hoecvor, animals arg Igas seloctive, boing mainly doiven by hoogar,

Differenscas in diecary prelecances uodecdie dillecences oy cpuaal vegalalion siructece Lor
individual hoshivare specize ar gromps of specics, from which thew dedve maximom mutriznc

il ol Lewest eoergy sxpeidilum, [ondividual species bave alfnity e arcas whish mcer their



wplmal vegeuation ermetiee fegquirements wnd thie resolts jn 4 prosios mosme.  Somctimes,
by teeilicariva lompeioge relationshipys devainp when (he opliium epstation stroetire of ane
spasics depands o il loraging effect of anarher (o s speciss. For example, smalicr animal
apokes ool o pracs areas mer-ntlinod by larger species. This fullows becaese, o accoiod of
their size, smalles anials biave lower absolote frage cequiement par day and ag such wend (o bhe
more selactive, colpared Lo lurger snimnals that ara conply [eeler: with o quess v satisfy higher
ahenlutz foeage teguienesol per day. Uhus, stoller animals ace able 1o 2elect high natricat plans
Larts Moo grazizg eflermilh cesulting from grazing by vaucl animals and in this wuy satisfying
their MUk ol roxpsieemenls.  Sometimes the smaler animals ae move soccessiul in nblining
cniongh torag: when supply i specse. A the larger animals mese toonrher frngaioe areas Lo mest
Taintenance needs wWsn ter ilake per wol fime becomes erbeally law, the esidual Iemge lell
behind, theagh spacse. may =1 be dequale wosolsfy the reguiczments of smallor amomls, whick
lag Leluind, o1r account of tetr selectinty.

Mrtweitharamding ceelogisal ssparaticn, boseever, cornpetilion {or forage cvenbally sors
in at high peguolation levels of speciss with sinilar dists and feedicg hahitz (Donbar 1978),
Cumpelilion naay wlzo ks pluce botorcen grazars and bromesers doue b e iepdet o Uheir Tesding
i vggctation, Within geoiaio lindls, griane provides o posiive feedback on prass growcs by
ratrliiniog high plare viger and rmore compecitiveness wgainst wenody plant spockes; b Low
micnsity or lack of grammg resalts in negative foedhack by enenaraging meritmnd grass 1ol s
lcss vigorons and Less eampetitive against invasion by soady plant specizs Allbougl boowsing
CEN initiate mars sprants, in gantiast te grazing, s dendoan eliect s a oegalive [eedback on
wisady plind species s il sumira s theit beighl and spread.

The aptimal specics mix is pencrated ag the golucion e the optimal control maodel

detcnbed above, The pupulation mrowth eguabions Jur e oplimd sontrol mede] e denved




hased om prevailing vepelalion :reetares, or vegelation siouclure stanes goe, that has realisicully
eatercd 1 all relevinl speciss dices and provided for other habitat requiremans, namely, water,
eavar gadl space, Consequently, the cprinal spedies odx implicitly asmumes existence ol the
ate e o, wnd ransgerrent cfforts world Divee Lo be diresiad towatds maintaining |be gams qua
threngly vse of burung or another methad o concrel bush encroschmene and 2epansion of
whdcttilized jueds ansmge lrem the geazing masaie, These managemans technigues ane ionplicit
in tha ndel,

D Ulns stualy. ac s assomed rhae e vegelalion vommunites that have heen cxising over
e pesiod cuvered by e dat that aez n32d 1 estivate species populalicn grawth equatinng (ses
Chaptor dp replesant o desicable sluble ann-cquilibrium seral state woder raulliple vee invalving
dornegei: And wildlife Beflavorss, A Forther ssswmption i= thar manggs oenl elfonls oo geomed
famard: mpuobiwmnmg theee wepetution communitics by use of fiee andfor other bush contmol
mesthads  Inovesence, these veEstation communitics nepecssi e most “ideal”™ oy conditinn
1335 Lo the purpose ol biwnd. Furtherroore, ponwlation: growth sqiations incorpemae viiable
"cacrving capacily,” whicl s o [unelion of ranfall as onted abocz. Henze, the model bas e place
ar. inherenl mechanizm for abuorbing awvogenons hoeks o the grwine system doe 1o cuinfull
variatien, Moscover, the variable camreing capacity 15 endogenously deteomined from the nods
kg il consis enl wilh the vesetation comounitics thae have prevaillod over the dar pericd.
¥arlel Snilulinn

The enrenr—yalue Hamilonian (e 1 Dor G Do -escoooi: model epressoted by (2,123, §2.135;

a2 11 s Cormanl arnl Clak 1957 L hok 1920 s
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(2.2 _‘-"l-] = ZP Hl-e "'E""] - E WE. + 1, r-:'.'.;.. W Puri: iy nenrewumm par period:
-1

r-l

and
. A T e
(250 1 T- -t ws e Tar wane unimaly,
- I:."-l||..'i.;||-|- - 'r'irl.']
250y o, = Mor caitle wiles, nnd
B | i&.l':d.l [PTY
. -8,
@232 L, o \ —':l = Meg o Tor lomg verling purchases.
o e, !

Coonertign (AL and (2.22% ave the saigiel dynemic eyuniions ot dyoemic toostaints;, comditions
1224 and CL2EY arc Boandkay comhinen - annd condioon {22231 constibaczg the Khun Tockes condifioos,
Condilion (20672 13 cembie ram zomponets, naoxsy, patial decvetives of per rotuen pee poe ol with
mexpol b cenlsol viciabkes (225012280 and muluples of Fgoosgiang wil pertiol Jedvicivcs of dynamic
comsrainls with mespeel (o hedr coneoc] yardnzles (2300 and (2.32). Byuatiuas (2,260, (1278 and (2,251
reprozent arginal cobera pae woie e, canle siele gmd gagels purchase, Teszeciively, whilc cquativin
(2201, 123100 und © 2 2Z2]) ehow the how the concral vamabiles allec e siie varighles o ooser eost At
oprimel solution 1y, iz shadow pric: af sne amiual anil incres e marin,

The mndsl is salved a8 A oob-linedl poognun wsiog GAMSMINGS (Hronke, Kendrick
and: Muoeraus 1988, Ths s done L Chapter 50 I the neae chaper. [ provide the backgmonond datg
thitl are pssd Lo estmale the reladonships mthe aboee model Al inchided in Chapree 3 53 2
furm hudpat anslveis tor the ranch. This is neadad to detecrnine the ecoiomic virinble:—prices

and cnsts—hat are necded 0 achicws: an opdimal selwacn Tle aviaal memeesion nesulls are

provided in Clapler 4.
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CHAPTER 3

ECONOMIC ANALYSIS OT° TTiF GAME CROFPPING RANCH

3.1 Siudy Aren

The stwdy arci i Incarcd sourth-cast of Mawobi o the Adbi-Eapin Plains almpe the
Mawoh—Ddambaes road in Machakes Distrizt, Hastern Trovinge of fie Bepublic of Keova, I
COTMPILies M Tanches covening a total of 65, K] hectarcs Cha): Adhe Kapiti Plaing ranch (13,000
haj, Wachakns Ranching company (500 Tad, Fast Afvizan Pomland ranch 6.6300a), Kene
runch (10100 har, Mweerend (Blanzonad ranch (3295hat, Aahli ranch (5,030 he), Awei-ma-
Kilunzn caock (734 7had, MNew Asira nuwch (2,44 %35 200 Divid opeeadt caoncle (5, 100 T,

The arca falls in con-climatic ronc 4 (' Tahlc 1.1} Bascd on rainfhll deth from the D
Hnpcratt ranch, the scey bas o mesn annual ranfall of 510 mm wdth w be-modul distnbotaon,
LiVIILE LS L0 Lwi prow ey, w0118 aoe] consoguenlly Lwo gracine scasons per ysar. Incantrast to
arxan with mono-modul cainfull d:simbubion, bi—medal canlall dislcibuticn reeults v Jugase
vangcland carrying capazity for cguut annuwl rwmfall. The “long” rinne mmovwing season slans o
hiarchs/Apnl, while (he “shoarl™ rains eoowing season starly i SeplaobenfCetober, el a period
of Jittean vewars (1031- 1905 reeanded sexeanal oeant rainfall is 2600 am with 2 cnetficiene of
veriatiem PC%¥) of 49% (Figwee 3,15 For the same poricd, the mean precipitaion of ths Ylong”
Tains 1% 310 mmowith o OV of 42% | Fignre 3.2, whila thag for the “short™ rains s 2050 mmn with o
L% of 35% Tigure 3.3, From Takle 1. the mivimnm annoal rainfall for sco—clomuatic zone 4 iy
430 e thus. ool of 15 vears, five (1981, 1983, (9464, 1987 and 1492) are “dreeoght™ veors.

The tvpicid wejreration of the anea is wonded or tree grassclsnd “sranoa’ Jomimaed by
themeda—Acarin i Memedv—8imder woodod grassiand, bot, vade: condivens o gruooselic

soils that impede drainage, Acccls drepenolofous woaded  arasslind wvegelarion Teoluces
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Lhemeda—cacie ur Fhemeda—Balanizng wocded grassland, Themedn tricdra, a twfred perznnial
wifl & beight g ul 30-130 ¢ and valuahle for grazers, i@ e Jundoant erass species, while
the: grneta Acdcin #] Blosrier s Lhe dominant woody plant species. Contiollad burnine iv an
mtcgral managemant pracrice of this wepelation Lype to prevent encroachment of wocdy plad
speeics i o eneble some of the smiller and mnre palatable gragses e pecsisl W veoupedilion
with the raller spocics, which rend o Decoroe rank and wnpalashle a5 they matre. Porentially,
thiz vepclation gype 2us a carrying capacity of less an £ ba o sustain une animal woil lor one

o, Buonh prass aoe] browse aoe imoporlunt Foroupe cesaurces.,

E

£
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SEA53NE [5-month Perkeds]

—— Todnl Ralnfalh -- ----- ZED mm Maan Seenonal Ralnfell

Figure 3.1, Total rainfull disuibuation (mm) over f—munth periods (sach vear bas iwo periods:
lanaarp—lune and July—dceember) at thee David Hoperaft Bunch, B8 1-1055, C% of the meun
scasnnal rainfall is 46% and, out of the 30 Tecorced scasons, 17 reczived laus thun the mean
1amfall.
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Fignre 1.2, "Long” mins scazon JJumaly--June] caiofal]l distcibuton at the David 1lupecalt
Ranch, 1251=19%5. W o mean of tha "ong raing seaz0i i 42% and, ool of the 15 mecooded

szagamns, o rocoved losg than the weean rainfall.
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Fipuee 3.3, “Sloat”™ eaans season CTuly-Tacemberh minfall degtribmrion af the Teavid Haporaft
Ranch, 19&1-1993, CW of 1w of the: "slicat™ cains iz 23% and, cal of tha 13 reccrded seasons,

T received less than thee mean rawlal].

Bxlensive coronelcial anching and seldlife conecrvarion are the major fonms of land

| E1=9

Cormuuercial eumching hased on heet pradvction, aolely ar in combinaion with milk

preduction, is e najoe livestock ertecprise, Do adéicion, ranghes keep muton sheep andd/a: mest



goads e complementary eneerprizes. Wildlife vonservalion, coupled with game harvesting. 15
camprised of vanous pare animal specics such a5 Gral's mueelle, Thomson®s gazelle, piratfe.
cland, oryx, oshiizh. sebra, wildebecst. kangoni and impaly (Claprer 2. Thess specics nave
vary:ng ocal imprrcanee For diflensol mnehes.

The David TToperall ranch, [ocaced <0 ko sode gast of Naicobi along the Naimohi-
Mommbisa toad, i3 the ey ranch in O stwdy becawse of duts svailabiline. As nioted alowe, D bue
A lond areir of 3100 ha and is T4 ke 1700 ahowve =3 level, Us vepesiation s typicel of con-
climatic mane 4 — aboul 43 o the imeh 12 covered by Phemeds frigertra grasslaond, 465 i
covered hy a mixwre of Bafenifes glebro-Themedy irfordrer e grassland, 44% by Aeacia
arepanciabium aml Melaxites glabra hoch graseland, and 9% by Acacie seval aml Acacis
aczntfocepfocee fivering wouklland, Livestk production iz bared on heef cactle mainly parchased
Tor Doshinng e o onarkst welght of 3500 kg (Saommeratte and Hoperafe 1994y, Feom 195990, the
tanah alsa sramed 12%i0p Idange services o8 o sumplemenl o the beed’ sntemprive. Wildlite
wonacrvacion and games eropping bave been carticd cur al e ranch sioce 1981 and, 1w fuiabioe
il, the ranch has muwde speciairod invesimenos. Theyse incdode A 2,40 m high game proof
penmeser [enee antd o cealral slaughterhowss, doly licensed by the Voterinary Departmont [Kanva
Cuvemnment), when cropped wnimals are bled, eviscerated, scinned and inspected by a
SOVERTLITETLL FIEA0 INSpPeciit.

I zandvcred on—site vigits o the canches W the repion during 1993 and 19%. DRia oo
commereidl vesiock enterprises, wildlile and sconomics wers solleced rom canch reconds and
runch cormespondence, complerrentzd by pecsonal 1otecviews wath ranch emplaovess. The data
cover lvestocl and prope snirools oo sl cioches. escepl o U cose ol e Basl Al Porllaod
ranch where ouly wild sl Juts ace weleded, Based oo personal interviess wich the ranch

munaeer, Be Mo, 12 beal cattle popalation stead st 1400 aniiale as of Tone B995. At
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the Lravid Heperaft eanch, sheep ane not a commercial colewprise; they are intended for raneh
cOnsImpren with occesional i Ag s resull, zales cooneds wers ol kepl samd dara gathered
thremgl personil inlerviees with the livestock munager, Mr. Oaman Egge Beal, are incuemplete.

Thus, anly populalivn dat om sheep are inchided,

3.2 Animal Mumbers qud Biomuss
Awveripe ve weght estivatos of game pooulatioms and Tivesrock ar Eravid 1loperail
ranch are adopmed fre these tnalinally wsed {Table 3,13 For e otber ranches, average live
weighte for cawle, sieep and poas (Table 210 were estimated from Mansen miwh ineentodes,
These live weight estimalss are wicd g0 tranefarm phvgical aoicmal numbers inks bioroasg and
unimed unit eatirmatay.
The otal numbsr of Wvestee® in the wegion, cemprsed of cullle. sheep and goacs, is
2526, cqnivabent o a density of 3¢ per km® or a biomass of 3930keAm® ¥ In addition Lo
hvestock, the remon is Aok in wildlite,  Average o] wuber of sarme andmals, comprized of
Cram's gelle, Thomaur™s gueclle, girafie, cland, oy, esfrich. zebea, wildebsss, konmoni und
impala, is 14453 cquivalent woa densite of 22%&m* or 8 mgmass of 1,87 g dun’ il
wioslituls 2495 of O wtiel herivors bomass, OF the total wildbite biomass, grazess (T, gazelle,
zebra, wildebewesl s konponil comsn e ]ELJHkgIkmﬂ nr &5 %; mived teadars (G gazelle, olvs.
aghiich oo loopalad veosliole 225kekm” or 12%: amd browsers (LGland and giraffe) consdmire

439kpdm”™ ar X%, Thiz comprsition eflects vapeetaion disinbution {Sommerlatle und Hoporakt

" This is the six-month nverupe of monthly 2onots of domestc animola in the recion over the 2eciod 198 -
1544 Lor the Lirewd Huperill ranchs ower Lyss 1996 [ur Blachakos Rinching Compuny,; over 1991-1445
Niar it Aalricam BPartlam ] Beons, Ku[rli, Mahil: sred Ao S5y Hi|1|n51;.| rimchess over [BE2 JULE [Ur
Manzowi mwech; and over 19941958 for the Mew Ssna mnch, The <ans Line poriob appele e case ol
wildlibe specics.



1994). Abundance and bigouwse vacy with individoal game species (Figores 34 awd 3.5

respesiivelyh.

Tahle 2.1: Averupr Cpme Aninal and Livestock Tive YWeights and Anduwe] Uit Coellicients, Study
Repioo

B b e . Woight ikl ALY Speoies  Walsbu kel Aue”
G garcl I 13 01485 Ooex 25 N.28a6
T. mazcllc 16 813 F=hry 125 {13800
lingala 15 L1463 Giraffe SA0 E.1547
Honigoni 45 02828 Ilzmed 315 {170
Wildebsost 13 QSE0C Ostrich B 02846
Carle (Lnrvid Lloperubl raneh gt 0TS o m {11203
Catle othen tanche) 2T .3529

Sheep ) 1617

ﬁmL'nu] unit cocfficianes are deriver] ln lepenion i

bivvecape cadile live weaghl for David Hopesafl ianel is 282k lwe fo panshasing well-forrnad animals fromm
outside e vanck. Brecdiog heols on inber rarches prodice loser average herd weighl,
Ieurre: Ranch cecords

HI0K] oy
dho0
LY o
3o 4
M=) s
230
— BT

1500 - 118
1900 -

Animal Numbgrs

Ka Th Gr Zb Im Wb El al L5 ar
Animal Spelgn

Figure 3,4: Averupre Mumber of Csame Speeice, bachaleos Diaeget, 13 1-EDOE




Animal Siomass

Ko Zb 5 Wb Ebf &Gr m Th O3 Or
Aniral Fmpechoe

Fipure 3.5 A verace Bicmass |_|5.E.lrk.ll:ll:l al Cisme Species, Machakos Diswict, |98 1-1997

Ditribticn of deduesdn: aml sahl berbivores seross individoal ranches plesels a omigue spucie,
mix (et Vabiles 3 %owukd 32b0) Thomeon's pezelle, kongoni and impala are e o uhauitens smd ore
he least, briog fouod arche Deavid Roporaft rareh sosly. e ovesaps dizgcibulions ol livesbork ocmbors and
Titmaas wia=a—vis wold aoncal ool and Ticirass is alse unicee Lor =ach rench {Fisurceg 3.6 and 3.7

Fowr all Lig sasches, Livzstock hivaees per km® is preater thin wildEits bicmess.



Lable X2a: Averape Distribotion of Livedock snd Game Speclez Nutbers by Runeh”

YGpeciss DHE EAF Ml ful . HAK MATF AR MRC LiAP 07
T W SR a7 242 1l - 300 125 1L
Th By e SR 254 pLt] 52 355 75 10
Cii 55 &l an » 11 11 a7 43 L1
Rl 7 Ky 535 42 (4] fH i [
o 65 - - - - -

the 106 £l 12 W - - a3 14 i
Zh A7 77 q 446 - 553 43 -
Wh 521 a7 - 524 - - 20Fr 4% -
Foa AL TR . 1430 257 kL) 26 353 19 LT,
Tin £ E 182 67 T a1 252 237 91
£ 578 23e§ 2933 YT &% 2323 473 14 1LKE
sh 1agh 333 - 24 - 1544 - | 6
a2 - - P . 522 553 0% -

TIFHR stands Dor Lhe Dhavid Hoperall rimgh, AP tor Kapiti plaibs rach, MAL - Milili tinch, AR fac
Mew Aima Ranch, MAZ for Monzonl carchi, AME ko abni Ma Kikene caoch, MEC for Wachakos
Rancling Uompsany, A Jor Last Afticen Portland and KOF fo Kores cioclh, Avereme is baszd on
axansthly el averaped ives Six moolh intervids. Menchily coonts avwer 195 1-144 DHIE, 19661996 fur
MELC HN]-19%5 tor EAP, BOZ EAT. WAL and AR "0U2 1994 for BAAZ; and 1994— 15300 for NAT

" Alkiugh sheep ars imclulsd beee, they are nes o commercial sotceiss bul kegst Mor marsch consumetion.

Tuhle 3.2 A& veruge Vistribption of Livestock aud Gaoe Species Biemuwe (kyflom®™ by Konch"

5|:|E|.'i-¢x LIJIK [N MAL MAR MMAF ANEC hEL AR [
ti- L2 &= 7] 404 EE - 175 72 4
T RE 14 1013 160 124 ¥ o3 0 45
G 150 2g 2717 £00 1500 31 470 171 55
1l 26 213 142 5410 - 944 2R 17 a
£h HR - - - - - - -

n L1l 40 12 125 - - il 14 L7
Zh L34 267 [ 2274 RV E TEN -
wh wiJd 54 — 1653 - - 151 il

Ko 4R1 TR FLY PEL gl 1) 546 L52 ATT
M 20 0 o Wk 64 0] 147 125 32
Ca sS40z W087T &5 820y 5748 W SORD dard 4y
%h | BB - 217 - L - 200 - 52
fin 157 - 41 203 134 — —

* BHE etands tor the David Haperatt ranch, BAF tor Bapiti ains eanch, BLAL Lo Balili ranch, MAR for
Muw Asitn Hanch, WAAY Tar Muneoni cooch, AMEK for Aimi-Me-Kilooge ranch, MRC for Machabos
Kanchirg Croepany, @& Tor Fast Alncan Ponland arad KO ior Kenen runch. Awveraoe is bosed oo
rmr-ichly cnurng aveiesi] over sis meenth anlerls Marntlily cgnmis pever TSR1-[ 5496 [ 10EE-1U06 Lo
MR 199119006 for EAP, KU KAR, WAT. and ARTE: 1992— 19494 Soe WA anil 15994 19U Dar b AR

" Alehough cheep are ineluded bere, they are ot & aommcrcial cnterprise hot kepr foe saneh sonsonplioo
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Based on forape pee ferences, (he propomonace o dabod on o wals it prazers, browsses aad o
feaors acoss Tamehes Totlocts vegemanion ype (o individou] Tenches (Tahle 3.3 Cimeery CuTpTise &l
F45% ol he toial wildlife binneiss ot e Duvid Hoporad, Athi Bapin plaies, duliti, Kew Asia, hachak.os
Fancong Conrpany, Last Altican Porfand and Kowen canchiee cTukle 5.3). This i sonsistenn with (ke kirh
procetlion nf pmigsiond that chanecteoiees e ranches. ;"sjml—ln-L'n—Kil.un.g-i ranch. wlsich is Vlacslerized
by o hipk propertion of woosdy voectatinn, I:mz i hisher propartan of hoossers (TIERL BManconi ranch,
which bos approximately 50% prasshind and 0% woody '-'I'.';n'.:ulﬂl.il.:ll,'|lﬂ.."i o pruperlicnale distibution nf

Brastsy anc wnewsers al 3UE and 379, respecriwely.

Tahle 3.3 Tstdibulion of fxame Bpaeejcs” [linmane |:k.g,llk.|'ll1:l acvass Runches Iy Pyrppe Preeforcuocs”

Bdised gt
Hurch ) i laeecs le=ers Browsors  cropping Togan
[1avid Baperstt {OHI) 1484;R7] L2615y L&) [2R1
Kapw Plying [EAP: 1232767 151040 471¢25) Lerz]
Miatili 1AL [ELTHED Rt 1 154200] 1431
Boewe Aslu ivAR) b R N Ftditl} 1159017 1M
Blanzemn DA plEN [y gLy 100k 4T 192
Admi-wla—mihgn 1AME] 41.5) I01i25y =T ] [
Machak.os Eanching Company (MECY X200 6E] 47117 TUEREET LK
Liasl Almcan Perlaod 'EAT) GG Han 4 [0k 14w21
Biines  KCEA 52674 L2317 g 5]

* Fropomtion [8:) 02 e | prerecenrs clsy bomass to tatal canel aildlife biomas. B shoon in paren ey

The oxeent 10 which populations meigrareflspeese acioss cuches and e deices 10 which
Pl acnng are residane wirhie iacdavideal pobes i cipluned by e “coslicient of variagon” O30 ancand
popaladon means. This varizs o animal species awd by camches Clalbde 3,3, Populations ol Sront™s
gitzedly e b vl cariabbe o1 e most seooely residenl in 4] the tarches with an avoroge “coefficicnr n?
vaviation™ of 37%. Fopoladons of cland, an te arber band, are the most ighly wareable seith ao avecage
LW o manchies ol 1O2% indivalinge thal Lhe species Las very soons dizporsol tendencics. Wariation of
taz popeadalioons: 07 ether speecs Talls o heteeen these e A lew coelMic.en, of vamidiwo opliss bigh
cosiclooey elalus ol pame un:mals, @l cam be expluioed, for some ranches, by clocirical feoecs irsialled in
s ol e raoch ean Tavee Digh wiane awinal conzenl-atis e [eag., A Bapin Pheiis canchie The Trpvidd

Herpporade sanch hes a zhein-link gamc—proof porimeter teoce bul i 19846, there @as a hreas in the fence
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arnl Uns appssirs 1o Qv resulied oo bigh cmigraion of anicads Trom dbe ranch, sardzolardy with e o
slond, ns porcraved By Mo oelaively hiph avecage Cs acroes spocics. Wachakos Kaociiiog Company and

Alioi-Ma- Kilyngn mnebes thar have the highest ©%s do wt, ive ooy paowe-proo) perdimeter fencing.

Tahblt F4: Coellicicnl of Variatien (5§ fer Wildlife Fopoladens by Raoch aud Speecie
Speeces DHR EAP WAL MAR  WAX  AMK MBC  LCAF ECOE Mo

L a2 3l 49 b i - 56 2% an n
T Ax ki 24 I 25 R 4 34 23 40
i =] 25 1R w7 T 6l o s 1:h =
Tu* w2 £l i T - (2 1 145 LG 1z
o 0 - - - - - 26
i, =0 3 m 53 - 56 54 £} 11
Al 44 74 44 3l - - n 5% - G
b 711 ] 47 - - Wl 3 - £
Lun a5 20 () L7 o 14 11k 41 L3 T
Tri s A 26 g 30 20 a2 Ay FL] 4h
Adesun s 3 A9 ¢1 44 [ils] & k] 59

*Facluding Fland, the mean ¥ (e Uie Diyid 1loperll caoch is #59% . Eland ic highly nigrarm e cnnguare:
su che other spocios o cvidenscd by bagh O%s aciss ranches, incboding on e David Haoporaft Banch
whure a fence dues ool appear b conudn he spocics. The Tawest ©3 is fof ahe Kapin Plains Ronch th
wics Floed ical Teocing su thal species arc nore righly pesidesl.

Vurintion of lvedock and wdldlife oovabers ardd baonsss eer e i illesictecd e dhe D
Haparafl areh in Tavles 3.50 0wl 3.8k, Civeqock Jensite ot be end of Tunuere, 1981, waz 35 mer b’ ar a
livariax of BATH ke per ke Sommreriaee aad Hoporatt (18494 roport o equivaleot biomass of $.630 kg
por kit which was based on catle Tive weight o 285 kg, Frorn 2R L 1986, the-e wie w dachne 1o
el sk, =wenng o densily el 13 per ko’ o 2 biomass of 3 3%1 kg per km® at <be cnd cf January
19RA. Erom 1987 muwards, [ivesines mmnhe-s inereasel, resching o cdensily of 77 par km® o7 baomass of
£, 500k P km® in Jaooacy L%, By Jonuaey, 1990 coa] Livestock namsers stood st s dorsicy nf 40 por
ke cqmivaleat b @ bicnass of 10528k pee ks which weloded rams oenes] bosginek hiomies of
G per km® (Sommerlars and Hoperaft 19841, Crugiders, naraldy b Panra, grazed carfle mn the
canch. amd Juier on Alaeii @wed graging leese armunperments: the lovze pavoeol wis io-kid ol 530 kg per
animal sold. Tn eortrase the wildlice popalazinn in Tanoary, 1921 srond at 24 per kim®. or a hinmass nf *.0624

ko cer k. Thes jocreased ke 2% per Ko ar a bouoass ol 2,37Y ke per ki an Banuars ol 1947, b s
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lulloewsd by & dramariz decline in 1985-kh, tescheng i seeorded aw densily of 14 per kem® imd sorooss of
156 kg per kend in Jisciage 15985, Fhis docline was agenciated wal heawy Tupping, doaughe and & break io
the: [zove (3ommerlune end Aopersft 19953 Hepsy cropping oo the time @at s eelated o drzhl,
hewever. Frowm 1957 noweasils, then: wi a0 prenecal incvease De animal aoobwes aml hicmnses (Tebloe 358
and 3501, which was associagd with o codocton in harvostog wlensilty AL the highes: coent the
population was 2209 wah 4 densily of 27.3 zer ke and Bioeass of 2,257 kg2 per ben”. o Taly 1996,
densily way M4 onimals  2or km® and bismass 2358 by per km®, representing 249 af todal lreclsivon:
bizmass at e David Hoperzl auch. The averige wildlife biomasz compogition au e Travid Hopscaf,
ranck ig 67 grazers AT, gavelle, rebea, wilieboest ond kooponi). 15% imixed foedos (0. gaseble, omp

aatrich and iopalat wnl 1R hreseesers Cpicntts nod cland’.

A3 Wildlife Harvests and Livestock Production

ey wl which pome cvopping Becan ar sazh of e ranzhes arc provided an Table 33, Dl
zrober 19596, comadative come havoaled was 14,209 animaly Fadle 3053, 1o penns of nuzobess, tbe S
wasc impertant comnuereial specics s congoni, UL ppeelle, Wildebeest und 3. aozelie, while the foor mes:
imporlanl tarches invelved in game cropplng avz she Tavid Hopeiall, Awhd Eapiti Tlans, Bachakos
isrcheng Chimgpany and Malih ranches,  Sicomonch weeage z2ome hocvest For the peried ie provided in
Toble 57, Althoupgh vor shoeen in the tables, caoe haresdng 15 painiog in peciniecoee as o conamereial
activ.ry, especially acthe ranches indicared. Hewever, il is clear that chwnesie vesiogk prodvelion comains
the: dominsmt wetividy Slable 3.7

A in the wase ol slarding populitiens, waowion of oe burvests and livesiock sules over fime can
be dlvematcd using data tor the Devid Hoparaft ranch.  Baged onocotal barveste per sex—nendl poriod,
haeeast e TOR ] e 23T mnirsals. el inez then, croppinan intensily irersieedd, rewching o cogordecd hizh of
d58% animals in 1935 (Tahle 581, In 19864, only L8 avimals wers haoveseed, Thercafter. craopping intensicy

towained celatively o, Inocenteast, culeln wiiies were Litky ooezolac mmmong lrom i sa-manlh ose of 3

arimrile in THSY Toca logab G821 mmats o 199 Emdlar niends Soe boch wildlide and cacle s poarrrayed
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411 ! uy 6 - i 13 24 q i 7 A1) 1760
q2-1 . 1 1 3 35 1% St L2 i 11k HLs
Li-1 n 34 A - I 11 & i ik I LY 21En
Hi-1 72 - i - In - ] v 11l ] [42 =13
a3.-1 f: 1E S b R b g 15 118 H i un Zz4]
La-| I - 1] 3 - - 101 3T 1 [ In2
a2 <5 14 3 - I3 B 3s 3] T 17 104
Hh 1 o 3 5 - - - - 11k 4 5 14 478
93-1 33 21 ! 21 - 3 a2 B3 3 e H i)
fe-1 ] 3 1 - 9 ? L) EX! ol [ i Q]
Hix 2 14 2 2 - 1In - 5 [50 1 T il L
Totel 89% 1810 10 27 D8 46 13] 1957 [T 194 TOE LAk

" Lociors o Ianum"_lr' throogh Tunc. 2 celes o Toly thringh Vecamber
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Table 5i%: Tivestnck uod Gume Animal OFff-take Rates a5 o Tercenl of Sanding [-".:lpulahan, David
I.lugrr'at'l Ranch. 19311994

Peod’ G T2 i kil ik 5 Fh wh KEin lie ol
2r-1 156 144 - — — - - b & - 6.7
RL-2 (S - - - - o 7.z - 6.5
-1 s 57 - |4 - - 1.4 13.0 7.5 1.0
Ra. 2 130 143 - - - : 7.1 162 173 9.9
| 176 1496 - - - - - HIM 17N i 176
[ 17 7a - 1MF - ile 77 3 as I 1A
Bat-] A =4 &1 W - - - 132 1.0 117 158
B2 19 10 - o - - 135 Jan 150t ¢4
fz-1 156 Ll - BDD0 - — 15 a4 Ao LG 120
H:-2 258 305 2. 11.5 - 528 304 150.0h 5.h
Bi-1 34 w2 114 - - - - Iini 210 B3 26
-2 G0 17E 0 Ll - - - - 9.9 201 14 503
43-1 [ T L S B Y & 1.4 2.1 1.z - 0.3
k72 24 114 - - - - - K5 1.2 1.4 06
LA 1.1 h.2 241 - - .5 20 T.3 1.0 209
-z e 232 54 - 74 151 31.3 1110 %5
aa-1 4.5 I KT B - - 15 &7 3.0 14 1.3
i 51 %3 40 - - a 13 1.7 @5 10 %
w1 (KRS IR LR I & - D - A0 5.2 A 3L
WLz 125 132 113 - 1.4 7.5 14.1 111 g1
T FI R B TR - - B% 73 5% 1z 1.3 1R 144
G-z I w1 % WEO11 45E L7 = 6ha 5.3
411 77 Il 2 - A0 rE A 5.6 N [ ¢l
97-2 o174 54 - 1o 115 45 6.5 125 14.4 124 4
#1341 0.5 - i "R - A5 e 2.0 5.4 752
iz 153 120 180 - 64 84 11 13e 5 1.4 155 2"
-1 (1.4 1.5 . Z.3 - - 153 4.1 .1 Iz
42 125 B 37 - o4 uz 43 12.0 B2 404
s an I3 &5 - 13.1 4.1 T4 T2
Hi.7 e B4 10E - 47 - a2 e 3.2 10,4 144
-1 I N B I A5 - 1.3 .7 4.6 L &
Wer T S 1.2 34 R N . FA L | 16.3 1] 49
Ldcan 95 1346 7F OO0 O 714 Tn AR 13.4 17,1} 36T

*1clrwin .I..-|r'|ua-||;|.' thwwonpb Juse, 2 elers w o uly booupt Decerober.
" Standing populaticn wos Rizhly eadable and whon avcieecl vver sis oonhs wis loser in, bicvesl.
eiuling io preaber chun 1O0% off tuke cacc.

1.4 Ecomomie Analysis tor Pavid Hoporaft Ranch
Thz nutpat from & David Hoperatt ranch is game ewar and fatened beet cartle, These
Vo afpuks arg the foeus of coonoads analyais. I Degio By considering game owsi peaduciicn

aned s valoe,
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3.A4.1 CGame hMeat Peodnction 5if Tiavid Loperaft Ranch

Mveruee cod dressed weight of gaew aoimals was culcolated frem g samiple of weme
harezsts and coresponding cold drocsed weight after slavslner (Table 3.0, This informatiat
ancd data in Table 3.8 are wied w denwe weal anmmal cold dreszadd weipln (tom the Deavid Hoperaf:
cAnch For the yesire 198515986, while cold dressed mear production fmom 171905 i hased an
actual meat produgtion dala (Table 31110 The most impenan, speoies i gaone mesl prodoction

ices v ildebesil and kongoni, whils che bzast imponiml is astrich Cable 32110

Table 310 Avevage Speecirs Colol 1rressied Weiprhe”

Srcoics Anivgl LTola) cold-dreseed weicht Hrrerage anlil-decssail wenghi
Eumbaes (kg kg
G gl 411 L1975.4 oo
T. rurefl= 14 SOTEES Lo.3v
05 salte Kl 274910 A0
Ebnd 2 s TLE.55
Ciry« o 5050 T4
Qzerizh A AT 00,245
Fekrn 114 18735 142.31]
W ilnle el B0 T1802.2 F0.54
Koo LT 3475 .0 ST
Iopal:. 131 31552 26,30

*Taeed onctal dot:y frum Lryeid Hoperall Roaoch's slavzbte thouae.
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Pable 3. 11 Anbual Meal TProductivn (WM kr cold—dresaed weipht), 193 - 19957

Vear e Th i El i s Zla 'l kn Lo
Tl 442 134 - - - - 3,13 5.6E .02
JQR 251 I.52 a2 - - - inl Tip.2 0,343
[RAL X L.5% L. 2440 - LL.} 105 nam
L= Lelh  Las G2 2nd - 2.1 166 1.217
. ip3s I N T B S 1 - - - 244 113 11,158
[ LLEG 40 D AN - - - G A niiz
| |1y 18 g8y Dad 0ld - .15 174 1.66 0,032
LosS EE 1. 1.1R - - 1.54 Hod 3.7h {15403
10l 1.1« a1 35135 00F 153 &L 2.63 0.204
[ Gar 214 1 34 05w - 008 1R 514 4.0 73
4] A0l L33 408 - 151 1.46 ST .04 (LA {1201
(R¥1" b 1.1 s 2N - 54 0,79 28] L. 4 5] 11,5404
[RAINE S L97  A56 553 1.4R 2,45 nah L& 237 {13548
1hild 1,7¢ Q16 A7Tu - .22 - 1.5 160 g 2% .25
el 125 085 34n LAl - 069 3.2 h.3 Nn.234

Toaral i 4 l&2 33 071 dam 2174 1541 152,37 uzaz < G54
TFroan SEL w LORE, tutal cald dresse | wetghl 5 derived trom sweeape celd—dicased weigbis and numbner
nf cyreasyss in meal recorde. Total cold—dresaed weizhi dals were wvonlable T TWAT 145095,

The mapor matked cullete [ur gmne el are Harob undl Mombora, with meat prices in
reairnbi differing from those in Mowbasa by rauspolalion vest ooly, Beal prices of game mea
el wawrld For 19901993 are provided in Lubde 212 ‘Lhz prices o Table 3,12 are nnrmina!

pricoy adjwited for tha rate of inflation, which aveeaged 21,4% pwee 1990- 1996 ¢IMT 19977, The

most highly vahied game specics & gerich, Thomson's gazelle. Grant's fieells and impala,
whils the lowsst viloed specizs ane wildeheest, kongoni and achra. Hrem data in Tables 3,11 ad
512, s possible e ocalowiule csul grosy inconce by specics o cee poriod 19944 theongh 1993
i Tuble 3.13), Totol prews incorme from pmpome cropping sverymed 307 700 Keh pee yoar with the

frigiest invome izl in 1993 wildebeest conmbutsd ohe most 190 incomes ower the perod with

A aloeal averane aF F94 200 Kb,




fs

Tuble 3122 Henl Aﬂ-'rngl: Lirosg Prlce (1900 KSh) per kg of £ nueak in Malrobl, by Species,
LOH= 1991

o ar LB I h 13 El O Ox il Wh Ko in
1940 ulh s AG <l 46 £l 44 4h Al
1aal a5 B 3e4 384 584 aRA R4 R4 384 bhL.g
1012 ila ila 35 KL =T Gl 32 12 %21 L5
UL 154 444 1ad 3ad 354 G5 257 47 |7 4f.4
Iuya ST 21N 4i.l 11.1 111 %A HLY EIN R 0B A7.9
j L 344 08 178 476 AT H Hd 0 e 0.6 i0.E 544
YL fll 151 437 A37 157 437 ) 31,2 312 LE?
ean 9.4 LY 1l & 4146 404 7 54 i H B s

Talle 5.14: Heul Ginggs Beforns Brom Game Ceopplag C000x 1900 KSh), 1%wd Hoperait Rauch,
1090 'Hp=

W ear € Th i I3l Lk 13 i Wh Ko i Tulal
194917 1714 sld 15kG 17 - a5 i 5 170G A £a B1ez2
Tl 1344 IGEG 1812 - 05 SA0 1B 1156 26k 8 174 s
L hlkL 15,1 i - 150 454 Dig 204 1352 a4 THH)Z
(295 1A 10 R R Bbd XN Rl 401 &40 171 19130
Thilel Ak s 1.7 LL4A - 303 - 1Y) A44% 1My 175 H1%n
1995 FERT L I - TH 4 - 2 i 1eeT 1221 CARN.

Total SfG0 MEI WEF 179 XA [{E %" 1.5 LI L TdE % 52044
o =) 4.2 150 it 536G I 0 R3A MAZ 12 AR K377
ALl I AdZE BRI 078 2007% 130 4142 25335 1247 1321 8536
G 11.25 QT N CF T Y N P T | P T I 4 Bl 350 F) uEE

PACEraZE @t Il e pEAr
* Toasl hurvese in animal wnics
SLanges elgTa e inncoi] wndl

Variahle costs of game croppme aes 0o, ransporl, aaroumiion, Tl Inspecion, medt
marker g, qrcass and sk provessing, power Ler ceoling aod stemgs, sod watee, Effort pertaing
2 the labear input of A crop2iug wnit for oac hoar, A Croppine unil is corprized of a macksizan.
drivesfaszistant and Musglim mear blesser (halal-man) who iz alse e spotlight men, The wnil
wscs @ tonr wheel drive vehicle wich a capaciry for five careasses, Cropping operaions starl al 7
i amel el al.rmd.ni&;hl lioar all garne species excepl girafle and narich, whizh are croppead duing

the day. Tws, on a five-day working weck, the ceopping umc cffort inpoc 35 1200 howrs per

moch. The avcrage shooting distanee is T to R} moand stoul! aninoals hawe smoallcr flight
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distanes compared to large andnals; as 4 resull i lakes less cropping Eeks {cllon) Lo harvest the
friraezr thao e Later (Table Y14}

In addirion, game cropping cequicss nvcsomznes that iochude slauphtechouse  and
wssoviated wbilitics, sropping and meal moackeling vehiclas, guns and muos—proul (encing,
althroggh che Jattey is oe eptional regoirement. The pun s @ 032 calibre Homer for small
unimals, and of 0,243 or 030 ealibre [or larse unimas. Ihere are two slavgllechouses in the
standy e Whil ore hoensed by the Vetorinary Thipaciosot of Lhe Government of Keaya—aene at
Wochakng Fanching Company aml the ether ac the Buvid Hopeeaft ranch, Cropped aoimals are
bled. evisceraled, skinned and inspected by a Crovarnemenl nweal inspeclor at the slaugherhonss,
attar which carcagsss are slunnd il o iempetanere of oao degrees contigeade until tme of sale.

The covit of cttent is cerived trom the real moathly swaes rale paid w the cropping cres in
994 ds provided io Takle 3150 Lhe wota] monthly paywent eas 21,268 Esh, AL the Lot
crapping time of 124 hanes of 2o per month, the eguivalent cost of effer per hour is 177 Ksl,
A indicated inlable 3,13, the 1994 lahoar and other coste have Deen convered inte 19590 values
uaine the inflation e [or the period. A cost hreskdown analysiz has b2 cactied oul by Lhe
Wildlife Mapasze, M, Sisacy, involving 14 konmomis, 2 omvses, 20 wildeheests, T oaclas, 2
piraties, 3 43 garcllee, 2 T, gazelles and 7 dowpakas coopped durcg Avgusl—L0otober, TVS96 b
found in Tabla 3.16,  Xer refurn over these “oler vamebls costs™ i oalso provided.  The
comesponding proportionace breakdown is provicled o Table 207, Frooo data o Tables 213 and
307, 0z possible toocalondzbe tha rezl cnst of srapping (Tabls 31EY The vemmesponding roul ne
cash ncame: [rent) hy specics for the David Hopeeato maoch for e perisd 199 w 1995 by
pravided in Table 3019 averagre net cesh incoaoe por animal and per animal nrir croppad s alsu

provaded.



Tahle 3. 1d: Average

fpocics M umbers rropped Totul ellin {hors)

irg, Duvid Hoperaft ranch,

Avcram: cElort (howrs
0ol 123 125802 |
I el f2e 146,23 a0
-raffc Gl 5RE7 L.y
oy i .77 54
Sfabri -0l BEk IS S
Wildeheest 1711 432341 [ 26
K unguni 1] FAS c43
Jmpnlz el 53,23 41

"Falile 2,13 Alomhly Momdnal and Real Wage Rales of Cropping Croew af David Hoporaft

)

Raoch, 190

Crow cdlogr » MNumingl wage rac: {1994} Bl -winae carle [ 14905
121 ev e as%i =lanl 1. 6,370
IInlo—wansperer M1 71135
Marksmynshunlec 11375 1783
Total EM I 11,264
Jwveraze monthly cropping cifart (howa) 120 |26
Lot ol et Tom per hout 314 1™

Table 3.10: Beal Cost Breakduwn of Nunlulwnr Yoarinle Costs, by Spocics, Anpust—Septemlier

1904, Lavid [loperudt Kancl [“(deks 1990 ESh)

Iteim o T G O frg W Ko o
Lirnss incime 10255 L2ee 233+ 4011 o099 3122 14580 T.TYR
Cropping renspoliation 0263 QLIGHK e RS o Lol 0735 C20B
Aruninitcn N215 0085 (MRS MRS (085 0,853 57 G2
Mesitl inzpese.ann 2,156 Qe 62 o2 G6e2 LA nayg o2y
Tl deling 0473 and TR hasg 9571 1343 1£51 .26
Other costs 0508 0026 131 TRIRY 630 2,154 1O5Y 0114
Ked incom:” 28:2 0888 16?2 9.3M 4008 15140 LAl &K

Buurce: A S M. Hirrary [prrs. gyrne] ad Wanch Becords
1 ﬂl\_"'['ll.l'."-lt'lI‘IL'l 1990 Tearvest clals sne .-*.J__L:ur;l 1945 [lril,:-q,:'s rske]
“Oetoker L9906 havest dsto and Augus 1996 prices wwed

= huprmst L heryest dula and pricez wroe veed

T e B e geer vasiah e vosts e hading wosn of el Teg).
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Tale 117 Allocatinn of Comiss Incgme to Bpeeics, David Hoperafil Ranch (% ol griss income)

Hem Uir 1h {ri or b o Ku Im
CTIN%S 2o HHLEY (0 10000 10300 00y I90uake  Te6n Tk
CInpdns manspeTlarion 256 Roa2 11.41 2R3 B 3.1a 403 4.713
ATTanicnn 0 a7 034 215 2AN 237 L4y LHA
Jdein inspeoiinn L.32 AR .25 1.56 F ) | .53 202 2.7
whirke, 10z 362 120 3L L L.33 140, k3 18,91 462
Hher costs ] 212 4.45 417 6T .35 T 3l
Hel 1oronw B6.22  TIG3 N30 7112 il Lk 7310k 0.2 5102

Table 3. 1B: Total real Cost of Ganwe Carpping Iy Sprecies, Davidl HopemaTs caneh, 1N 1955 (O 90is

19 Toshh — . ——

our Cir 1 Lii o Zb Wh Ko In:
FEs 2362 R GHaa kS 4L28 2140 1114
18] 1432 2705 TOER . 14k 391 AR22 ! 340
19wl B3 4.2 A0 214 1454 &7.86 45,52 5.7
JeeA | 2.5% 4.4% w204 11.M 1247 11153 2.4 325
Tuhid 134 ERLE 42 2T 1.0 0E2 200G 3141 237
1555 I I AAG oLt e 1334 S k! 47,74 o i 240
Subtotal 175 Lok G 3521 L 102k A5 MS0nA IR
Muber? 533 121 T " 141 b ERYY 16%4
Eftat" Itk ds 26,50 VLIS EREA Al A9 18R 4264
Ef coat” 19360 3335355 11.6L2 LAY 1ELLe 435100 35.1ln 750
rtal! T UAR1E 3481 46057 11511 46hde 242300 1577

Tugal

15461
61
RIRG
24542
15l
4831
1104157
2233
ARe,0d
15h.82
LH7.35

? Aanimola harrosted trom L9290 dcsugh | 995

"Ptal ctfort wsed
P Toal sot ol el Torg & 17070 Ksh TEr
"Tatal coer of harveszng

e

Realised net cash ineqme (Tahle 3,09 asomees to David Hoperall cach, However, the

ranzh alzo buys gam: anittals from oiber tanches. The average real price thar David Hoporafl

[aws w ndher ranchers For game faken an their ranch is given in Tablz 3.4, The Tiaeid Hoperratt

rale guws all < osts assactatcd with gaowk cropping on othee ranghes, compensating the ranchors

iy foo chie aoiroals Cand thus for tha foeragae foregone)




Fable 12 Met Cash [beoine | Renll by Game Spreics, Dandd Hoperali Banch, 1990-1905 i, ks sl

e ar Tl i Or |} W2
10010 140Th G0L#T  KREN - &Y 121
Lhn] LISEE  TRAO5 12061 LT.0<  I58.%0 ARan
[z 3 PR L o % L B [ 1,81 4.6 20254
199% THEL 1237 12126 UES RO METS
Laa4 5216 5457 13225 4181 59.3F  fzed
(RIS 851 1241 14 €517 1657 d0aedl
Wl Getwn®  SI5.25 0 188,34 370200 15232 4091 1314%
Fomba® 153, A1 71 73 L4ry ozt ]
Maur® LAl D4sd  Bd3 1657 %A 015
ATz SLadd M AT W T7e 4147 25292
B e N7l STIT O A467 268 ORkd 5.1
Pt 485 FER 1T RRGRY JES.54 0 50638 13057
Blzar® QA28 3054 4 CHV VTN 5135

Kl_:l
40y
AMLET

EQ AT
47.01
13227
[ )
A
412
1.1L1
122.0%
ERTIR
1520
6%

Im Total
750 12,19
14.1 G359
24.063% 335,14
1355 734,34
1003 &R.549
103 5,20
120057 332053
1414 FEE
1150 .71
15115 Gl 246G
1054 G40
1141 661,41
1427 5884

Tanal nel sl urm Etullulinlg elTom sl
“Toral anitnale harvwested Nosn T9H) Unraugh 1905

® Averapy 0% toluto T anitnal. excluding «ffare cost
TTutal aenenal wnits larvesiad From 1990 through 1565
®Averaoe oot e per anuisl uoit cxcluding efiurl cosl Tos is the rel pmize per animul onit betore efSort
mewed el o lioms
"ot retwrn after accnunring foe ciel oo

* Mverage nel relin per animal ot after accoortng for 2ffar cost

Toable 320 Keal I"rives Poid 1o Bsnchers Per Animal Cropped Eroma their Raoches (1990 EKSh).

1900 LN
Feriod” Gr__Ih Gi El o1 U 7h Wb Ko L
aG-| A ] LA Qi ]| LAl B llN 5¥] gl AN
u-2 200 W0 eS(00 Bad Mo Ln A0 WK and N
4| 1660 #35  37S63 75153 283 I35 66TA SO0 3330 66
L ey Wi{5 4TSA 71,3 UM 4 1336 BT s Ul K 1204 16618
92 | 1269 6o ZABRS M0 RO IO Al CHWER XSEY 17
022 1452 RO XAGRS 7732 WO 01 MO EREG MNrd 1am
a3 IBG cRG L9RRS 55 ML) MT 3T OGS ITEE 1L
432 1306 S84 EDEES  I0M1S A0 7 S#en FRIE IS 1016
Hd | 48 B 15411 KA1 H 11.4 ] Gy W Aidil %5 114 s
94-1 1199 GRS 1500 BUG 36 S48 BRI A 11N
€15-| 1150 640 1Sl BL55 309F 544 673G ITIE R3S JISD
45-2 1164 680 15291 B13S @2 S48 &TRE 2TLE IR 1180
e | WA ELA 1SET S 091 1A7 0 30R TaR NITA XWl 218G
e G A6 ISGLE 0Ra 1 A1A2 0 SO0 ME3 A123 Il LIAA
Wean® B3 BDA 25304  RI&S 3355 RRS  BALG 3793 rG:0 U5l

*1 vtaods Lor Jonuersy (e Jones 2 lor July by 1seenber
':Avq'ru-b'r. price. per agieet anvmsl boogghn Teoon ol marehers
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Ciattle rrazed ot {2evid Hoperati Raoch {DHR) are owoed by de anch iself, or by
onfsidors whe arage catile o leass wmangemens. paying [inkindp S0 kg weight an the e e
cuttle are wichdrawn From the ranch, Thes payoent o—tand 15 celemmed to as o maintenance nr
gr.eamyr fes. Looy vearhng cuttle arc braoght on the ranch for fatrening, au an averapee weight of

Za0ke and sold ar 330k, Real ook sale and pucshuse cattle prices we nresented in Tabke 5221,

Tkl 421 Average Cattle Salcs and Purchiase Priccs per Head aml per AT, Davld Hoperaft Ranch,
1705 b Jume 17%h [“IWHiz 1990 K<l

Theim 193 19493 1wy 1599 A veraps
Yitle price per heol b 510 I o 6012 6.227
Hale priec por au oyl A LR b Wy H.&7
Purchasc price 2ot head 3030 I.360 2975 5123 29265
Purbise prive 2er Al 4,331 2ohl o 254 4,452 4.171

Lok ke runch—awoesd znal renter—owned callle qaes cemaped as 2 smele undl,. Opscation
eapenses are dipping, herdirg lahoar, szEr and vzterinary medicme. These expenscs ara inewrrod
ey 1OHR, but dipping expenacs tar cattte nat owned by DHE are re-imbursed at the ezal rates
provided in lable 37220 From information moTanle 327, seonmary canch accounis ez other
roneh doty wond oet cash psomee, exclodige wonatore purchaze expanses, ace calculared tor 1904
aral 1995 (Table 3.23), With reepevt o L Thiavid Heperald ransh-—osnsd caede, ot cash income
compensales Tur capibal aoed laod 1esouices.  Foo lease cattle, pam of the nat cazh income

consticules o araang Jee ! the me of 30 ke per anl sald) plos dipping eost [refangd).

3.4.3 Came smnd Cattle Sumonary
Crose price, wel price casnding offen coat in tha case of game and mmeaksee purchese
cost in the cuse ol cenle, and Domateee parchazs cose per anital onil ere summarnised i Table

224, €nat of offorl per hour 3 alee jncluded, Gross price per wnit varics From one anmed Lo
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another, which refecls censemer taswes for vatioms meats. The economic valuss o lable 324
congtimta baza—line values for Lhe Bio—ccomomic mndel.  Inoaddizion, 1 eonsiler un oltemat ve te
the basc-ling valuges, whivle I eeler 1o as {game) oophy adjosted conmeemic values;, oply vitlues
ure 6.9% higher. Thiv iz derived fram an estimared moume of 36,274 Ksh roalizod from eate of
gamc Nides and o in 1990 (Sonroecale and Hoperaft 1994} Erirdag the spoe period, gross
inzomne from game wag Ksh 81%,190, [ide and hems would add some 6.0% o gross ingoue,

e il prices afier rnishaner this "Lrophy aciustment™ aro shown in Talkkla is 3 24,

Tablc 322 BEcal IMpping Costs per Read of Callke chiorged Optside—pwned Cabthe pee Month (Ksh).
Tharisl Huperull Runch, 199319494

licin EEN 1004 ] 19915 AVEIADE
Trpping Charmes por mondb A.84 133 a4 K.12 ila
_IHipmg o heazes pen 4 wronh 53.04 45.18 £3.00 4R.72 1550

Table 523 Caftle Met Cash Income Excloding Lot Vearlung Puccliase Eapesses, Thivul Hyporal
Taoch, 18R-1205 (WMl 184Nk Toshy

T Jan®d-JunBd Juld Decdd LamiS-Juo?s Jles-Decds Tal
CIINGS IEaInG Q2. 192 24 s 1956167 1.041.824 1 HHE 63
Herding labour 952 22.94% [7.2249 1b 447 772
Lhpping <our 1th32] 45,205 32,960 2402 ¥.92%
Salt & el cuml 51.767 1232458 ua.z2zn 125258 DB.&S
War cazh incnme (NCTY £45.072 LTALETT 2,303 b4y 1,122,5K32 LT22.30
NMCT pen anrnad =cld 5241 5.270 5ot S 17H =1
MC1 per aninmal wnir zc1d TA471 T325 RA2I 751 Lk

LNH' L'-\.‘IH|1 ir||:|:-|1|r_- l'_'.i.l.'rllJI.I II'IE II\.I11E: :rr.'ilrl'iﬂi-: PII.T..' II-J'\-G-E_'! aiasl
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Table 3.24: Real Average Gross Price, Mew Retorn und Cast of Lnouters Fucchner per Animal Unit,
and Lt ot Eort por Hour for Game and Cattle (0005 1990 Ksh). David Hoperafi Runch

llzm &] ) Th K Or Zh Wi Kn Tm
Doz T L. 1= 1 11015 11.1% 1205 T4 5 b LT |
koo JEL-:1:L_|.T|.'|t 0.V a7l 097 Q.27 955 5. q.02 a2
Adjiesled RES O WL452 0 6102 T4 300E 1056 Ja00S 419 BA43
il et [ e S W e N N i+ S E I e Y Mo S 8 i B ¥ i

Purchass coar - - - - - - - -

{-\:H
8 al
1.0l
TH

417

" per anbiral wai
" per vnirm vrit xcluding effon apd immsture purchaze rost, excludine wophy carning

* Mel return pes aniral unilexcleding ¢ Mon aod immatuze perchase eost otter odjuscog for irophy caming
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TCHAPTELR 4

STATISTICAL ESTIMATLON OF BIOECONOMIC RELATIONS

L this chapler. T esowate the Iogisiic populition croweh funcrions and the crepping oll-
sz or prodoceion, fooctons for commeroially impnrant Bedivome spaciss. namely. Grant' s

gitzelle, Thamson's zueclle, giraffe, oryx, zelivi, wildebeesl, konponi, impsla snd =atfl e,

d.1 Pnpulatinn GGraweh Wiodels
The peoemal Tomo o the population growrth Sncting for marne animals 15 given by

-

equation (275 The relowant cooigwlom wwesde] is:

H, +>aH,
41y M, -H,+¥, =051 (] S yfari= 1,7, .0 and i,

eR
WaLTe ¥ CPImsents the off-take of speciee §attime £ Catfle ar in2ludad an the viptl-haosd-gide
(RIISY of equation (4,17 bul calile poputation 1z 1=l o binction of munagement and stocking
Iares, Caffla are boueght and sold. and calviog s hictdy contculled. Thus. the decision b inorease

ar decrease e vanlls herd resls wilth mangprement, and mtecuclions with wild herbivores arc

catasidered only vic the wildlife populaics squiticns. Tle canles equecion of rmustiomis:

W Ca —a, =0, + Pure, =¥



whede 3 e parameler penersted framn binhs and deaths, Perey @5 the number oF porchased

ziltle 1n peried toand Fegin nuombar of cale seld i pedod b The relevane ceonamestric gudel

Li

4.3  Bithy — Deatly = a_,

Al vartisbles o equatinns (4.1) throogh (3030 @ easnred in animoal ondls.

I peoceed [ust by exlicciting (4.1) for coch game specica separately and (4,3) for canle
vsing the Javid Hnporatt ranch Jdata. [od the period eod=-I962 thooogeh 1995 A nunlinear
eea oy Jikefthood procedure, coupled wich corroerion for autoconzlation, was ueed foo game
enimals, while ardinary least squares 2stimation wiag wied for viade bt 1278y In sich case,
Al s monchs, wlich constituees the peovane and wrcinge cvcie. This Follows Srom the Bimeodal
disinbation ol cunlall,

The hyppachescs for @ Zoro cocThcoent on odividosal vaciables aml oo all coellicicnls
simualtanzongly in i2.11 were tested nsing asymptotic f-ratios fae the former, and e Wald <hi-
rguare asymplols statele [or the latter, for cattle, the relzvant statistic is the -ratin (White
1986, The juinL and sicaulamsuns sk o non—oero sleps were st stically siynificent foe all
modeli et the 4.1 Jevel of sumificunce, cxcept impala (ice below). However, for game specios,
el all individoal slope paramelers wers sipnifcantby difTerent from zens ol the 001 simiGeancs
lewel, so selection of (he most appropriale sel of rerressere wue carmied oul, This step was
.Tlr_'l'_'l:}i.hilT_'f' n ourder Wwosoreen ool reoressocs il wene so highly cooelaed wilh vhees os o
duplicals dhemn and were nol [undamental to e medel bazed on signifieance tesis (Mafar,

Wasscrman and Kimer 1HE30.




Frovedures wsec bor selecring regressors were povemned by subjectiva jndgament uboul

species nleractions and pragmatism vetee, Waseennan and Komer 1982 15ing stepwise

regressicg gl Ldaneg mlo account reguired and potential biclogicul towractions, the tinal

Tegresants Wiolw sefecred and reeol presented in Pahlz 410 Thess parleay the ditcetion of

inteeAchye  relaliomshipe belween and among  spegies

complomentariny, while a8 posilive parmetst mmphcs competition.

elieangdl el Uie ioesraclive relationships.

A negalive  parumeeter  iplics

Cacawneler valoes immly

T'he parameer b i e catlle syuaticn 44,30 12 estimated o Be (00227 with 1 stalisi of

4.11. Barmple sine was L6 sl B =529,

‘Table 4.1: Finnl Faranctcer Edliaates Ber Togistic Popalstion Froctisns (n = 240"

Species  Or Th (T £ iiw Wk Ko Trn
th IZ25%% -L.ETT] 0295 RO AN
[*.~EBRE]** [ YL (1.14m0 |- FRRQE- [<1 T93E,="
it L33
L R e
i =1L G341 Diyss IV J
| DA 30 v 54T LU L
1 0432 06503 21317
Cldaibre CATVHITS A0
Zh LR H] 04771
[2GETT L. LER
wh SR 0.3336
[E T o U LR b
k. BHEE 113E
LA G EE
Im BLI £ o) =T -1 526D 1025 MEFEI HE |
[ 1Sl [ A5I69) 1220 Gy 154 P 1.5 41 A2y
Carlle KRYE % k] Nyl
L1530 (163 4y
Tiain- 2203 UL5EN 15 LIS (LN 1L.a7d4 [KRELE ] T157k
Full (25T CLAGRSE TR (6 L442)%* R ) ol b ) LLEdEL Bkl Er o
I CAdza 024141 TS (I e Ry 1LAr ) .17 137137 ez
Tl (gl =l -1y A+ L] Bk 0-1555 L4253 4L.213d K
[ Z2ES])w* P2 110 0552 (-2 104 (01T -1 74T [-1 1552 =] SED
Wit Ald et aTAFTA La03 g+ FIISAG0* SIS GToGe

il:l:."l}.lflj?i;" L L2

FEusull e Tir egugtenes wlen ke inop row ol :uble, wilheaplaoulory variables in lef-Band colemn.
AnrnpLolic —slatsivs ae i paeaibsia: ¥ indicales sieafaant e @ R0 Jevel, ©al the 001 level.
"WCK ia the Wald ol staristic, an sy npnntic comsta pial el Foes,




Rainfall
(mm)

T

Fropuisal resulls shoow tha: scaznnal rainfall is a0 irmpontont determinent of careying
capazity tor all pacow species sxcept impile; a fact also portrayed Dy e peoera renc af wildlife
bivmisa with saasonal rainfall (Figuee 3.1).7" I be suliant £2atures of the populalivi equaliony
and e tntenuetive relatinrships among species is discussed beloa, meluding graphical
represcnoacion at Ingistic joedels for Grarnt™s gazstle, Thomson's garctls and kougunt al 150 e

180 mim. 216 mrn. 230 mmoand 200 o raiolall cepines.
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Figure 4.1, Scuranel total manfall and waldlfz ticmasz at the David Hoporafl raech, 198 1— 1995

M Joamstic muodel 1or combined rame apimals was cubiroweed 1
)
\ . 2L +0250,
Al =0343% I (1. =l ] ] fur iz O
E Z i 68,1878,

Fstinwaced parameters were sigoideant at the (001 lewel, cxcepr corrle was sisniticant o .14, B berwecen
akasived and predictesd vas 0,259 ond the Wold Cri—squacs stalistic was 278 44,
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4.1.1 CGranl's pazelle

Tha mode| 2hows that giatfes bave o complementory influence on €3, gamclle, Tho Tagsr
i ot roixed [eeder while the ermer 3 a highly sdapted Droowser sid both species shame disy plant
spocict toan cxtent {1.enthold and Lealtbold 1972) Garailes inflocnce ite habitat by restriciag
cimopy cover and the heighe of troe and aharh specics (Pratt and Cwynoe 1977 I wewld then
appoar M. by s duosg, wsoalles coeae haobitw soreable lor G mzeile, hoeanse thoy Tesricr
browse wpecics o hoights wichin the reach of garelle and opens up Lhe herb lover 1o (he
lvinnliee ul G, gaselle, AL Lbe recorded wecruee gicaffo populatinn of 65 animal anits S
T8 =194 and average seasonal raintall of 260 mww Fiene 4.2 peaiuyvs the logistic mode] Tor

Grant's el e
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Flgure 4,3, Logsiic joudel of Grant's mazelle at meun papuolacion of giratte {3 AT and mainlall
reginees af 130 mm, TR0 nm, 21143 wun, 238 ww aad 260 meo. Fur pdven g mradle popalabon, G
geteelle varmying copacity increascs with caiofall, (1 G, gazelle = 001463 AT

4.1.2 Calile

Cattle growth is lareely oo led by devisivns fo pocchase or sell rather thar seasonal
raintall; unlike witdlife hiomass, the seasonal bieowass ol cale s not relaled Lo seasenol nfall
i1 ure 4.3, These management decisions result o cither decreases o increasas Uy te saivling
populatinn, rather chan intcractive celaticmships with other Rerboveres,  Callle ilesmelione du
show up m the herbivare RBractions [Talle 4,01, which ocans Man <allle aee given peecwsssl

stahas with respoct tn fimage.
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Figure -L3 Colllc binmass and otal socavomal raintall at the David Aoperatt Ranch, 1381 1993,

4_1.3 Thomgan s gngelle

Cantle ure comp.ementary o Thompson's zazelle but not skgnificantly sa (p=41.100, while
zcbra, are comperitive.  Zohea would bz expected o compete wiuh T, gazelle due to diel overlap
and both speoess are prarers und teod bo shace similar habitats (Schonkel 1906683 Thompson®s
pumzllc  profors short gress and tukes advantags of tall grasaes thet have heen prazcd dowen by
bigmer animals {eebra and cartle). Due wr il preterence for shorl grass, 10 geeells grazes
onevenly, while grearp cattle sprewd the short gness erens over the mossee crewled by puaclle.
This way, catlle increase the area of opumal vewsealion avalable 40 and poelemed by T raee]le

Fioure 4. < depicts the T, gazalle Loaizte medel for varving ssinfall levals, fow 1981.-1994 carcde

arw! 2elwa populations.
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4.1.4 Cirafle

Gramnl’s gacelle aod Lopala v complementary with pirsffe und both consame the same
plent specics (Lencanld and 3.onthold 18720, Gicalls 15 o browser Lhat Teeds oo a lane vansty of
Lall trees anil bushes, while G. gaeelle and inopals ane mixed-toeders that ame similar in size. The
laztzr tend to share hahiz=ae close fo thar of piraftes-—wooded] prasslands wnl open wowde] areas
in the cawe of impule und shact to thick hosh grassland in the case of (3 garebic. As (hey aps
srwaller e & pricad e, Wsic boowess—line woaeld be iower, thus posinge no competition. Their daal
tole as grarcere wonld, conccivahly, enceawage wandy plant specees due ux e cecluclion

corpeliiive viger of herbaceows planie, which Cavoees mrufle.
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-—150mm ------1Bdmm — --—210mm = = = 230 mm 280 MM

Fipure 3.4, Loaistic modal of ‘Thamson®s gazelle at mean populatons o catlle
(1103 AU and eebra (33 AU, nd imfall regimes of 150 mm, 1TH0 mm, 210 ms, 230 mm and
2elbrom. 0 T, maeelle — 00313 AT
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4.1.5 Zchra

ey i commplerenery to rehed, Wil erys oflzo Twsod o sssociation with gebra, Zebra
1% 9 prriger while orex ie a mixed foeder. Oy browsing on reaady plant spocics opcAs up s
area Far haths peaforred by 2oa, Alsu aryx hus aftinay for cnarse grasses, whicl cejuvies the
Leth Layer by medocing run'c groath o the advamage ol wbra. The comptomentarity of ofve ta

aobry ie consistant with igs feedinge behaviour.

4.1.0 Orex

Limanl’s garclle and girafte ara croopetitioe wilb ores, while Longom and wildcheest are
cormplesn=ntary, This resull 1o consistent with the feeding, boaavionr of hwse species. Orex and
Ci. garclle ate mixcd Exodecs, so they compele due e detary oveclup. Further, the swea tend to be
Towmal 1n the coroe hahital. Clitaffo iz o browees en it dier overlaps itk (i of oo Trom e
prin af wizwe ol beowsing, Both loneent and wildebezst, om the cther hand, ae grazons wilh an
atinity tow shod guise, By selevtuny shorl grass. they madvercatly encoumge rank ¢oatse amss
Favoured by orex. Tmpaly is 2 mived feeder, mt Mere appeacs o be some cormphementrity with

oryx. prabably hecause thay prefer different browse spegies aod diferenl parts of plunteshrubs.

4.1.7 Konmgami

The logmsie model lor konpom indicatcs complomenterity widh 5, garclle and
compeldiveness with irmpala. Kooeomn s 2 prager tal prefers shon grasses, whils both G
grrzlle and imnpala sro mived foeders, and e cerec gpacizs share the =ame habitae (Schenkel
15060 Cowplewendily of G, gasells amanzaies (oo ics alleibutes oz 2 browsel, 5010 helps kesp

woody plurts 1o sheck, tersby encouraedng the lech laver. Comnpetition of mpala wics koo,




i5

en the otber buod. 12 baxed om 1l grasing uctivities and o dics thae nverlaps with thac off kangoni,
rzsnlting o camperion,  Fiewre 4.3 Jdepicts e bonsow loeislic model Tor vareing raintall

arnanes and average 19490 0603, aazelle and vapala poepulatiodns,

CHANGE IN POFULATION (ALlep

o 23 4l i3 glLili 125 150 175 Xk pril]
ETAWCANG PORPLLATION (AR

1®lmm ------ ™imm —--—M0mm = = = 2ZA0mm =20 mm

Flpure 4.5, Loawsiie moedel of kabposit af meso population of &5, gazells (33 ALs) and emgrala (10
AUSY aod cinlll regtooes of 130 o, 529 own, 210 cwn, 239 o aod 260 our, (1 koagend =
2546 ALl
4.1.8 Wildeheest

Cirant’s garcllc, impala and prvs arc complocentary to wildeheost and the foor specics
overlap it terms oF habiter, Catlls are compelieive, Wildebeest is o graeer with an alfinice Gor
shout grass, az iz the cans tor cattle. Az a result, the dizts of these two species overlap, leading Lo
comperifio. (o garcllc, oryx and impala. on the other hand. ae mise] feeders. Co e Dasis of
their browsing activities, they are able 10 suppress weowdy planls cesullioe 1 Ao s eiranmot 1

Cavours cofahiizlomen: of the herb layer, swwhichis favorable for wildebeest,




1]

4.1.% Impala

opaly is w mised feoder that eolies oo a wide cange of forage plant specics making it
abla to swilch diel depeodine un plant weanability, Banther, ic dnes nnt need [ree surfoce waler Lo
suevive [Lamprey 1303, Adaplabidily w @ generad diet and water coonomy mabkess i droaln
tolerun ., Lis explaining the Back of statistical significances oo the rainfall f2rm. Impald hieve been
chaaned woomginigin elalively sluble numbers under extreme olimatic eonditiona Hillman and
Hillmaa 1977, Changes in che apalarion and itceaciive mepacts by olher hecbivones speciss are

Tonw s coslinea les] aey Talile 4.1

4.2 Hurvest wr O -tabkc Production Functions
The: gemeral form of the production Soneticn is given by equation (2.2, The lop-lioear
[oom ol (2.2] 18

Lif
44, In

¥

TR

I

—a EL fori=1,3, 8

Produccion functions (4.4) ars estirnated asing the OLE procedure in Shazom W hioe 1HEG). The
resulls ae poovided e Table 4.2, These show tha, oflesr things bemp aqual, e relatve
ceapping efficietey par avumal vnit Jecreases i the following ordae: wngpala, eber, picatts, ocvx,
T, paeelle, G waeelle, bougumi amd wildebeest, Heweesr, wheo Darvesl 5 m teuns ol aclugl
rumibess Gl atirnals, the ondar Favams sl aninalg, decreqsing as Follows: impala, T. pavelle, g,

aieele, veya, 2ok, kongen. gicaftc and wildcbesst,




T'abir 4.2: Bepreaslon Resulty [ar Horvest Production I'onmetons

lspatin Cocfficicnr T—ratice  Raw mymear B Ho. of observorions
ia, gazelle o 1w 90025 17
T. guelle L L Li.ant I T 1'%
riratte oL Sngi 0.TED 0
Ler Q01473 720 £1.8000 ¢
Fachra 2.015¢] 4.4 (1.eitd 11
Wildohooar RN NE L Fr skl 07072 1%
E_nrmgioni A R L (LasA 20
Impala HLERE N 10,5500 0.8885 15

ignilivant al tu O sigmifcance Ievel
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CITAPTER 3
AMALYSLS OF GAME CHOPMNG POLICY IN KENYA: BIOECONOMIC MO DEL
RESULTS

The beconomic mwdel congives of the hiological relationzhips daveloped in Chapree 4
fund pamicalarly cstimaced velucs in Tablez 401 and 123, the coonomic daly of Chapler 3
tpurliculindy Table 324, and imival populuion suuss Tor the scoond six—month poriod of 1996
[Tamle 3 530 The pvecage discounl fare i Kewea over the pecind 1950- 1959 wous 28, 5%, while
the averapze inllalion cabs wae 21.4% (IMF 10871 Subtracting yiclds 4 real discount rate aqoal tn
3. 0%. In the bloeconoemas apolvsis, T ouee o real discounl mle of 4% e e oo the side of
crnservation. The hoocnmnmic praslem weprescnted by rolations | 2.11F thepugh (214, plus
oun—neEmilive comslcails aod wosttaienal (policy) conelrands discwssed below, 12 solved [or
thiety perieds (Nilleen yeurs) wiing OASMEATNOS (Antleny, Kenwdiick id Mezraus 1988y, The
CAMS 1 15 pravided in ghe Appendi,

L bepin by exaronine tie salidity of Qe aodel, This is Jollawed by a nomber of policy
stnulatsms Lhat et with rhe V'pre- 1989 wiidlite prescrvation™ policy =nd the “post- 1984
wildlite conzcrvation™ preliey.  Cther pelicy options are conedercd 10 order to investzele
whether they dalie lead to improved privatc nor iehims and, 4t the same time, prester nomhers nf

wildlafe wgulates,

3.1 Model Validadon

Twd appicaches are nead wo validate the model. Birst, selual pupolativns, tarvests, chitle
sl wnml punchases e comparad wish the sinmlazed date, Uhat 15, T simolale popaliaons usiog
eguations §2.12)1 and (2,13 with esrimatod pammeters Mot (212 eiven o Tables 4.1 and

P02 o (23, aod e fiesc-poriod seacting values (Table 3.35a),  The populatien




)

sinmlation ia For fhe peciod 1282 thoough 1095 (28 periods], with sinwlated Jdata oorgired W
actaul data the the period, The poodiceed mean of 1olal herbivore populatina (averaged over sis—
muith preriods] is 3444 head, wheeh is cquivaleot fo L5%9 AUTs,  Projecikes mean surmying
capacity i€ 3.1 b per AL The observed mean ot wotal herhivore popolations is 3425 bead
(equivalent tn 1579 Alle) par neriad, and earving capacice of 5 1 ha per AU The predicied und
observed] berbieore populatcons oce noc stacisticolly dittersne From ome ancthes (Table 3,1k
coetficienis ol variaton hetwesn the bwo oo a3loe similar CTable 3200 Also, the mend of
predicted game populacions is sinlac te i obsceved Iend Tigores 5.1 ond 523" Similarly,
the teemd ol whserved cruille popolaion is vory close to predicoed (bt not showen inthe figores).
This walidation epboysd only e dvnanree equations af molioo, which ware demved
tfrom che actwal data and thus implicidy ncorperaced Pavid Hoperatt Banch game ceapping
decizis for sorme poction el the dme period. Tlence, il e nol surprisinge thal dere is no
sratistically <imificanf ditfarones honacon tha pomilatinme. This is nak too mpgest, osever, har
the mame csropping and cetlle stockine decszions by Dawid Hoperaft Ranch were somchow
optimnal.  The Hanch wes permitted 0 maove coop as en sxperiment, and a czrtain deegrce of
Iearning was asseaiated willy those decisicn:. BFualer, decisicns wers less Uao opliroal, as we

demenstratg befow, dig oo contimeal "Dacgaining” with KWS,

" Faor both model vulidwton and sioulation cescls, prapbscal presepias nes of herhivare popalations and
harvests are bund led seporately Doc grweers, aod ressd Ceedess and hepwsers inorder 0 imgeove clarity.




Table =.7: ¥odel Yalidation. Teste for Differences in Myans borreen Sinnlaied and Observed

Papnlations

Waslilalian [ (24 oberiovaticns _ Walidaticn 1T {24 ot vati i)

Crreorved Prodicuad Dbserred mizan Sineulated

Sponiss miezn L F—raris” Tiean Fratin®
G 1Th 76 0.5 M A1 22.04%
Th 410 AR (.03 I T Sh0jew
Cia 30 56 031 57 -4 LA™
Lir Gl 13 0K &Y (R1k T.20+
Zh QaE a1l 0.0 o 54 21.853+
W 235 5 IR 537 Eh2 oz
Ki! 4] 121 1.5 Mg 1] E
Im il e 013 Tia ] 6,57
Ca 1504 1.5 0.1 - 148 [ {137
linwl 3425 1,449 0.1 SART 4 .37 Ll.05%

" 000 indivales a very amall numher;, = dmplies significanse ol the 59 level or beteer

Tahle 5.2 Yodel Valulabien. Coelfivirnt of Yurdafon (%] of Sinwlated and Dbseryed ¥ildire

Tppu i Livms

AWaldadon Q18 ohscrvatinnsd

——

Walwlahinn 1 24 abesmeeiions]

Cheeread prpulatinng

Cws
Spacivs
Gr bR
T 47
i iE
Chr g2
Ll 43
Wh 4z
Ho an
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Falal ] o il
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perlation
2L [0
in

4

)

fan

4]

42
14
k!
L

Lbyereed
reeafrl IO
Ve (%h)
i1

4]

22

fu

5

e

ir
2

Ll |
1
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Ay o osecond validution exercize, the optimol madthematical programming remlts were

obtanes] wange actual cainfall evec e pecod 1983 (o 1995 coepled wdath e slaming vulucs for

the Ciral oadf ol 1984, bul vonsloadning endiog popolaiions und elfon o be equal 1w abserved

vetlues Tor the Tast perod of 1995, This sionubaies Oie octead sitweadion ducing thess 24 percds das

opposcd b 24 peoods o the fArd validabion). A comparison of e siroolaled and ooserved

rahics is provided in 1igures 3.2 ¢ for gromers) ond 5.4 (for browsers and miaed [eeders). Wik

rre cxeaprion of wildebeest and cadls. somabaled popsbatnens are stabislcally dilfeesor Do




w1

observed populations | Table 3.1). The optimised mean of total hecbivore populations iz 4,137
head, eonivalend i 1713 Al and 3 carping mp:a-.;ilgr al 4.7 hu por AL while tha absereed mean
of wial hethivars populatien 15 3,367 heod, aquivalenr o 1,558 AUs and a cormying capacily of
£2 ha per ALL T also wens ool thal the simalated game papafogions are less imegalar than che
whaerved values. which sopmests chat rhe 2ffag) of cplimdsatien s to callecats range essprnes
armnn g specics il unidie popalitions less variable aver rime, Neiter Qe oplimised nor ohscred
Lalal ranvh carryimg eapacitics exened thar proposed Lor livestock in con—ciimatic 2one 4 (Tabls

L, whers e raacl is Jecaled.
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Fipure 517 hodsl Yil.dation 12 Predicted minus Obsceved Popraiations, |9%2—1995, Grazos
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Figure 5.4: Model Validatien 11 Simelaled (Oplircdsed) minus Ohzorved Populaticns,
1944 to 19493, Browsers and Miced Feeders

Lhe dilfersnce  botween  edmulacd  (aptimizedd aod cbserved popululiens is nar
mnexpecred, bl thare ars sevsral possible explonations not captured in the modcl, Fimt, Lhe
ranch managsr may mar be opinesieg ool discounted revenes from ggme coopping, perhaps
hecause of wncertainty related toopwiblic palicy (een, thers i€ no marantes that wild mest csn e
seld 0 Mwreh meslamunty in the fatume). This was ale2ady opoed above.  Secend, the
reluticnships in che model may nnt e entirely satistactory, Fodiaps e prive ol vest diti ere
noL traly reflective of the el mrices snd coate sneonntzred by pame paochers,  Thind, e
cplimszdion waodel fuls w0 caplon: eectain peliticel and inebmebional constraings. Cine nf rthege i3
ivenlipated inoo loter section (3.4% namely, that KWY only pormits ranchers b harvese & fised
propoction of coch spoowes. This was dlsa hinded at above.  Finally, cther facuwors [pelitical and
cultural) play an wninown mole jcg., KW hmite on whet can be done with products from
hareosied animalsy, Inoany cvent, thess illogerate the ditHonlcy of madeling individuoal behaviour

and the rale of inscitaciane within 2 hiossnnnmia mndal.



Fo: the second validation, simmiaed sune hervess can be compared with aclual
harvoses, Compired o obsecved hawveszs, simmlated b vests exhibil snuch wreater wyriadon from
ome periad b the nevt Ciee Tomres 5.5 wnd 3610 Fxcapr fof bapula and gicaffe, simulated
barvests lend oo be grearer than aclual barvests, peraeps becevse the KWS restrivied harvests for
each specivs 0w 1he peood ko o preportion of the specics” tokal pepulalivg, Alse nutice Gat, tor
s wilidlitfe wnglates, ranchars ceop heavily an the fnul peried soomieet the rndals el poim

cs] i,

Al Maiviohers (I cnees
Cthserved from Vipdlmlzed
Trapulatine
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Figure 5.5; Model Vatidation 1 Simulated minos Observed Parves)s, 1984 1o [D05,
CrrareTs
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Fignre 6 Moda] Valication 11 Sienolaced rminus Ohserved Harveae, 1984 10 1995,
Browsers and Mixed Needers

In the nexr sections, Tineesiigle 2 numiber of diflerenl polivies wsing ke bioceanmnic
nxdzl. | bogin by considering the aparecch that charmgioringd Konya's wildlile pulicy privr e
1939 —T waler 10 dns 48 the preservation pulicy os no game horvests ans permited. Thia capomes
the priad when cweners bad oo asec vights 20 wildkfz cn ileie land, Tihen constider wil T relec
o as the consgrvatren pelicy, s represents e era whers budewners hivee beso given
(variable) righrs ro wildfife on their ranch T begin by considering an naconstrained prolil
muomEaton secnerin.  In the unconstraincd scenarin, dhore are on instibitionol ennebraings nn
wildlilfe ke and, e 1o end—poinl comsmaats. Lhis scenano has the least oumber of
constrainls; o comeists of o nenlineur objective voobon and 2570 nonhinear consirmmts.  Due oo
dilMculies i selving highly nunlinear constcaned optimisaion problems. 0 was nod possible in
(rA NS th ohtain solutiems Ter mors than 3 periods ¢ 15 wears),

Lo the ¢agc wharg bancfits accrie and onsty cre neamed for & penod ol 15 veurs omly,

any cerrciting wildlife at the cnd of the time horizom shll has valuc # the rancher andfor snciedy.




el

The end-period wildlife can be valned vsioge shadwe valoes for tha end period, Dul, o dds medel,
shadiw values are highly mterdependent. D any peried, a species” shadow value depends an (e
peie sl felches o Naimobt and o the popnlagion of ihat species, which dewrmines harveest =g &
fumatinm of @tfo Gand thos cuel el harvesing animals). In addition, o speciss’ value depends cn
tbe puenbers ol other speeies, hecapze other species dmpinge on the one under consideration vig
Corupe wvailability.  Auempls o determine congisenn end-podat shadow values fuiled. As a
Texolt, e Atempt ' oade o valne animals avadable mothe fmad penod. 1 only model ranchar
belirviour over the 30 penaods (15 yoarsdy, wich ranchers asswmed tn have o jecest 1o aodcoals
[rxycend this foae: bevizon, Lo elber wonls, il 15 wsswmed Lthar renchers maxonise their prafits from
gamz ranching and stocking rt catde over |3 woars, with the wildlife thar reoadin ar the end of the
L hocieon sicoply reveriner back to KWS ownemship. Given ohe wagances of Kenyan weldlice
prlicies, this (o nac an uargaliztic agsmmption. The KWS 1w then assuoned o nely oo resulutions
L eneose that sufficient wildlite remaim in the fuhice tn sacisty sccictal concoms. I¥ffooent fonms
of these leanlations are wvestigated b the Divesoaonue mode] 1o determue wlinch ooeisy muztl

T cowsr swecesiful ia toaxirising 1anshee well baing wlhile allainibr consereaies poals.

5.2 Preservation Policy Simnlation

Far the praservarion pelics, che binceonomic meodel croploss the tmaan s2azonal raintzll
nt 200 mmn £nd, duc oo fack of user cights, troats gume animals, from the ranchers” pont of view,
A% non—coonomic Menterpriscs.” that ie. no harvest of wildlife ocours with catlle ranchimge being
tha nnly eenreamac acovity. Monethelesz, the proscnees of pame constraine the system besiose
both wildlife wngnaws and cartle arfoor the ranpe Tesourczs. 'Uhis pobicy reswlts in a total mesn

hethivure pupuladon of 5274 aquivalent 1o 2,334 ALlR. Thr assnciawcd camying capacily i 3.8



hu per AU, which is sigrilicamly ¢r the statistcal sersed ahove thal proposed Do lvestock in
zone S Table 5050,
Takle 5.5 Stalislicsl Tests for Simmlated Mein Currying Cupacitics A painst

Expected Livestock Curcving Capacity in Ece-climativ Tome 4 (1Toc Carrving
Capacity = & Ha/A LD

Sernaria Currying capacity (ha per ALT) lmbig”
Presecvation® 340 LB
L nwonstn:nesd 423 1.745m¢
Evd—pervsd population camsioxint 4.3 1637+
RS harvesting rales consinint in -3 101w
Shanncn’s odlex comsivaee] 4.25 A 870
Full propanty rights 4.8 | I
Lirouzhe 5,27 263354

* *Rignificant at 0% lesel, #¥Sipnilcand o 5% Leve)
“Ihese sconarios sigmaficantly cxcced the swpached camvilg capacily o ece-chmatic zome 4,
bised om Divestock cormying capoecity. This cxplainsg why popalations uoder these Lwa suepanoce
¢rsh.  Tor all olher svenunos, camving cupaciy is significantly below the cxpooed cacryiog
capatly gL, =3 s pes AT

In the absence of pwme cropping, wildebeost numbers trond apwards (with samc
Mooy o an initial poak D poeciond 150 which is followed by a populiation creb s Fieors 5.7
The upward trend then continues reaching 1 peak in period 27 botore crashing again,. Kengoni
ninally insncase amd chercattor exhilvit gradual decling. Grand's gazelle, wopata aond gaadf
gradually increase troowhout (Higore 58 Oryn vhow u oredusl inecesse coupled  with
populatien crashes sod evealuil exbhooiom in the swenly—seventh peowd.  Zebra exhibil o
pracdually ocreasiog wewd couplad with wdld popudaticn dacliees (Fipnze 3.7, Thamson'z
gazelbe rradually declioe 104 vesy lew leveld {almost aend extinction] by (e end of fhe planniog
homizon. The ceason Jor the pupalation crasbes s Ul e steckiog sy T cande s abows hal

rocommended for sons 4, whoch ovcurs because tanchers do not ke inrg account the forage

roquircments of wildhfe herbiveres in their Byvesiock stocking decizions.
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Bimalaled (uptimal; cattle prpulations ane alse prowvided in Figare 5.7 The caele
popalation in the botial penied ds 1 HT, while sales are 1,687, For the most parf, canle
[opulations sl sales track each ather qnite <losely. as expeoted. Howewver, a8 komgani i mbers
decline, and whaneves wildebserl populations crash, ranchers pespond by prisns mere ool
enwe, while optimal cattle mmbes wscillate eoughout the periad [Figure 5.7, these
CECUIAMONS 2w Lo S i an o respanse tho chargos in the numbers o Lages wildlile ungmlaes,

n the rewaining policy svenanos, the mncher s able to aervese wildlif; ongoelawes o
oddifion Lo e calle activty. Thos, the rancher needs 30 ke oo aceount bew angse esources
arr allacarcd o thar e o she eios the moeaest nel discoonted cotornz. Whae diztinguishes

vamous policics iy the consteaints thar sk impaged an wildlife Jclivilivs,

53 Unronstrained Profit-maximizing

{onaider first the case whare there i3 a Limdted time Deceon with wo constramts, Bean
sesonil raintall is assumed to b 260 i and game harycsiing is aon sonscrained, and ranchecs
desire only b3 Tewimise discowntsd net roturnes over che 30—perioa 1 5—yeur) time hordzon. This
seenario resulls 1o o mean wiel heckivore population af 4699 animals eqguivalene to 1,954 ALl
HTE 3 carryingg capicily of &1 ha per animaed onil (e Table 1700 Obviously, since there i oo
berctit bo reteening spocies berona the fingd period, an wttempt iz made bo cxtinguizsh all pame in
thes Mnel vece peowds. Carne amimils are mot 2] driven Lo exinclion becase the coste ol doing o
ara tincply tao high (haressings cosls nerese a6 pepulalion Lalley. Whale lane expendilure of

ctfore on haswsts 15 likely wnrcalistic {fand i an artefact of the model as discuzsed sbove), thas



wonld be the autcome if eeucining gane have on value bevond the end pesicd, and as.uminz
thesre are mo ather cansreaints thal present ramchars feom cxerliog juadimom harvest oftor,

In order 1o take into accoutd decisions bevemd the 15 year lindl in Lhe meodel,
slionlalica: were made employing shadow values [or aildlife remainmg in the fios] pedod.
Iarever. when a vatiety of shaddow prices penemted we the model 2oene employed, wildsberst
erid urys wers still driven g excinction. Bavauee Lhese species meprodoce slowdy, hot consuone
subsibmtial torags i conypetition with and e the detrimenr of cihee species, rochers have overy
mzenive Lo rid their ranches of theve spacies (uo sxveplion i discossed bolowe). This i likelv 3
exison why KWE implements constraints on havests of vanicue spectes. 1 consider these

constraings in the cowlssl ol sus laiable Farre croppnp.

3.4 Busluinuble Came Cropping

Three zcenavics arc considered Fof loplesenine suslaiiebilivy: {11 @ condleaim oo
spruzes’ populaticns ab the end ul the dme hodzan, (2) KW S hareceting rarc constraines and (3 4
Shiomun biv—liversity index conetrwine. One facthor seonario is inveatigated that petestally
Ieads o anstaunabilite, This scenacio pesondls achers Lo :ell huning and other wildihfe access
Savices (C.2. tonisn end parnues thent to =l ol anirmal prodocts at the hirhest proe svailable
in [he roaeket, Thal is, canchers have exclosive nghts aver the game on their ranch withoot any

nesloiciicne,

541 End-Feriod Mopulation Constrodnt
Perhaps the simples! constnnl [oc e EWS v emmplov 1 thal o veselmianiog (o
penodl populationes o be the same ag oiliad pecood popalatons.  This soarantesz cne foom of

suslanmabilaty, Bul o does ke o provide ingenlives o rAnchers 10 incr2ase popnlatinnz of
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Figure 5.10: End-period Pepulsiion Consiained Scenavio: Browsers and Mived Feodars

542 KWE Harvesting Rates Stenlegy

The KWS mesiriots mame rancasrs to unifnem hansest aes (Tabls 1.3 That e, in wny
give [weriod, ranchers can cidy barvesl o (ied propertion of che available population of each
specics ot wildlifc vnenlatzs oo e canch. Agoin a sewsonal raeefall of 260 wn is asswned, and
harwest is comstmined 0 be cqual or 10es fhan KWS eakes inevery petiod. The policy mesulls ine
e total herbivore populacion of 4871, equivalent to 2200 AT and o viccring vapacity of 3.7
ha er unimal una, which s the second b ghest catrying <apacioy atter that under the pressrvalion
pehey sconunn. Ax owith tho presoreation peligy, samving cepaciny axceeds recorunended
stockig rats fov liveseock in #ona 4 [(Table 3.2) Sices hpoaess am eostiicied w iaed iales,
some patne spacies exhibic an vpward end bafore peaching a peak Tollowed By a population
vrteln Coen wildeboest amd orys). while Tloamsun™s poeciic shows a sleady, conliomoess Jecling
reaching vely low evel by tha end of the fune bhatizoa (Figees 3,01 and 3,170 Interastingdy, this

palicy may wnt e swstainallz becanse it docs not provenc o preespitows decline in aome wildlife
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papulaiions. This resuli dewmonsloules b1 importance of wocounting for the populalion dynamics
Ang Dilereclion- anwng species, Corresponding harvest levels are shown in Fizures 513 and

K - . ' . .
504.%  Ilarvests fall to nero jo de fast pericd becavse ey were mealrictsd tn fefo o Lhe

sivlanion,
Tl - —. — _
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Fizure 5.11: K'WE Harvest. Ral= Siraleey; Grazer Popularions

"“ e 40 Lk nember of specicy involwed. graphical presentasians of popularions and aveos ae b led
senilely in vnder [ gwoigd obscering wend delails.
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5.4.3 Shannon Hiodiversity Index as 5 Constralul

Halbwy tlan cely wo an erbitrory harwest tate for comserving wildlite populatoons, pelthaps
i & pnasible tnoimnplcmnzid an explicit bindiversil}: consinunl (see vio Koolen and Hulte 194%).
Io 1hie megrand, Bhaonen's index of biodiversity offors 2 reasonahle mechamism for implereoling

o Liondiversity constraint. Shaxnon's Siodiversily index (5 isdetingd gy follows (Piclon 1977

A ]

- I, )
(1.3 & =—Z'l — oy i —] = ‘E}. iz ;7 -

wehers by 1e e propudtion uf the wetal populaion of wildlile wogolnes secoented ur by species [
anel e relers o the Jopaniieo of o owcoder G the Dase 100 Lo 0 viee, D= ] 5 aelier values of

Yindicate 3 groater demres of diversity of the wildlile oo species on the runch.
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Iu e simulution, szasonal tainladl s set at 260 mne, and popudations we constrained tn
maiLtam e Sliwunon biodiversicy indev ar O 615, which is the highest obszreed valug ol Lbe
Shanton indea, Telal mean hechivere papalation is 4,602, which is equivalent tn 1,925 AT ad
A cairying capacily ol 4.2 ba oer antmal anit. The geperad disleibulion of species is quite even op
e the 294 perind, bul, without an end-periad popolaien constminl. populations are driven fo
very low fevele in the last peqiod, In other words. the Shannon Riodivessily lodes constraint
credles a buacper harvest im the 2%th e, Dul populalives are minimised in the 1asc period in

respranse [ ecenanue lorces (19 umes 5,15 and 5.1400.
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Figure 515 Shannon Blodiversity Index. Constraint: Grazer Populations
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Eipure 5.16: Shannon Biodiversily Tndexs Congleainl: Tirowser and kel Tesder
Pupulation.

The Shannor bodiversly mdes suys nolhng sbout toal populstiens, only rolabve
pupulalicns, sooir is possible Fin all pepsdarens Ly deeline wible Teaving 1eltive pupulalions (e
rame. By asell’, thereface. this policy could be unswstainable or manminal by sastainable. W hat i
needed = lormedion oo ool <able populations, suy. Cormespomling harees) levels uee

showen 11 Fizurss 3,17 4wl 5,18,
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£.4.4 Full Property Rights Scenarto

Il cunvaens were able to copoue all of the possible user benelits wssosisted with
wildlite an e ranch, wibllife would be o more valwahle resonmee. To mimmic the higher
Teturms that & ranchar covhld expect o hie case, mame poees aez simply adjnstad npeards
fa refllewt the hegher vulus, cspocislly for largper game animals that are valuable in trophy
huerieg and Lkoly Dave ligher product vales dan thar asociatsd simply wit gams mear,
Agrain, mean seasonel raintall is 260 rm and end  pediod eane popufations are construaned
£ b= oegual of peedlsr thun slerine popolations. Unlike the 2nd periad  popalaaos
comatiaing, game priccs have beon adivsied o reflecl il vadue of wildlife in Tophy
Tluntizp or s viswiop,.

A ANl properry rights plicy remlts duoa wdid mean bechivone populalivn of 4,642,
which i equivalant o 1LY57 AR and a carmying capacity of 1.2 ha per AT (9ee Talle 5,11
COpimal garue populalions TFieomes 5 1% aod 5200 wnd hareests (arores 5,21 and 5.22)
pocray similar frends as in rhe rnd=period popualation consorained scenacioe a5 Jo opliomad

cattle populabions, parchases and sales.

1%
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5.5 The Cilect of Drought

Drokghr is an ever—preseat reality m Hastern Afiica, In this section, 1 examing g
mmpuct of drought on wildlile population: and harecsts (and coouooiy etacns] wsing the
bavscewrn: moddel, To simolake deooght codditiens, 2 mean seasnnal mainfall of 260 pun is
axgumed tor the tiest period. Precipitation e thon redueed aver g pariod of (ve vears o 150 mm,
Lemuuims al this level far the remainder of e plaonioyr hoeon; the ruinfail level of 150 min is
e i tamball fer 9 seaeons of owest nhserved cainfall, excludios an outlier seasanal rainsll
of 7T mm in 1981 “char” raing seison Eod mame populutions are constrained th b2 egqual or
rrealer Lwan cne-half of what chey were in1be firsl period, sioce the inital populations arc net
2om R seng wikh dronghl voodilions.,

Uhe simeiacion Teswes in A miah mean hecbivode popalaion of 3,735, which is cguivalcnt
o P BT AT pned g cirmdng capacity of 4.8 ha por AL Optimeal game popolations and s,
lzvels abe shown in Figues 5,23 Lo 528 Apgadn, the drends wre sim:lar o the end—pericd
population comelcnnt and Urmephy—adjusted sconarins. Althompgh carde popalarions aod salss ae
nol effected by thee Jow rainfal! level awoamed tor the dremahe seenacin fan anafacn of the model—

e 2 2, s combined mame und cattls carrvimg capacity iv at the bonacat under this.
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5.5 Compartng Key Gume Spoecivs aernss Beenaring

In this soction, | hrictly review the main results for the opgimal popmlations wnd Liacvese
of 300K ki gauw speiies—inralle. zobra, ores, wildebaast and koagoni.

Criraffc populations uober he presemation and KWE harvest rae se2niries wre distinetly
lugher hin o the other sconarias. Tnothesc twy senanoe, they incrsuse gradually throwelioul.,
ercling e Lhe cinge 130 w ML while numwhers are panerqlly well belows 100 in the ather
SConurins. [t is nek aarprising, lberefure, 1hal harests of giraffs arc Jowese nnder the EWS" (iaed
rivle larvesl svenano wnd non—sostent in the proscreation secoarie, Under Lhe other scenanioe.
harvesns initiafly decling 10 belaw 20, bot then riss gracdwslly tnexezsd 5, drnpping again in e
linal prerivds w ensore cnd-point condicions ane wet desce g an T unvensinomed cuse and that of
the Shanin biedivemsily imdes constcwnt). Surprisingly. harvests of giratfe incicase oanl vear
12 under the dronght scanaric, then declining owatds 2ein.-

Oiptirpil populstion: of zobra onder preecrvation and KWES harvashing rfe seegarnios moe
alan signiticaatly |1iRP.1-:rr than is rhe gase voder the uther svenanios.  [Iowever, z=bra nuubers
Nueluae erratically wnder B prescmeatinn scenaria, Falling dramatically in pecied 16 {year 8
belone cisicg e pre—crazh levels by penod 24 (vear 12). However, the zebra popolation crashes
o oeidr sAviem oo the raneh) in the finel 2 Y2 vears of the presovarion simalaton. This iz
ite wiexpscled. febe pepulalions are mone zable moall othor seenarios, althoagh thay exhili
a Jrarmants dewlioe o Lhe Last veir under the Shamnaon hiodiversity constraint seenaric. Harvesis
ef rebin e highest omder the uncomstroned and foll propery rights sconarings, and arc monst
flable uiner the EWS" [xed cale of harvest seenane, Under the drought sconweria, harvests are
Juply tritiolly f1o cwll armmuls that are ollected by deoopt], Bol Gen Tl ws a more stable leysl

lcom veur 5 Lo yewr 13 und then Tull v sero.
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As e the vase [or zebes. omye populations behave eralically in the preservation
strmalati or—chey poak al about 300 animals in year 7, cmash to nearly 30 animals in year K.
rise Ly a vel—higher ek of abont 340 anicels in pesc 13 and then go extinet. Apain 1156 1s
SUrpnsing becuvse one expocts A policy bt does not permit che harvest of wildlife
(d=naoed proservarion Ut this smdy) to lead o swhle wildlite pogmlaticens. Flowever, such
a policy ignetes the impact of orher hecbivors, mmd partieclarly catle, on wildlife
uwgulatzi, Thit s, the dynamics of the herbivory make 0 loyeossible w protect o] ssme
Kpocicd by ousIng coonomic VAlue o only ooe ol Lthe specics in the heehivery, namely
callle. TIewsver. cultle affect onys {or any other spegias for {hat malled) ool only dinectly,
hut indivectly threagh the athel spocies inOie bechivory.

Opliesd populaions of ores are rather stahle in the ather seenarios  In all acenanos,
2rcept the peeservidion wod drowghl seenanos, population romains steady at alour BSO or slightly
higher. ‘L'his i% surprising woren thar harvcsts acress All acenavios ace Rigldy icregular, senecally
cxhilviting 8 paa peiced cvcle—Ahigd in une peood und newur zera i the next. This is te 2ven
fior the KW hianvesl rate seenoriv, slihoneh hacvests ane relatively stuhlc after year 7T

Wildchoest pnmlatinns onder the presercalivn suenano are similar 1 what they ez in
the cusc of zebra and oryx, displaying insiabilily o the mwid-rsoge of the e peciod (years T and
fyand the end perind (yzars 15-19). Howevar, wildebeest da ool po extincl. Ionorine the case
ol preservaliion. populationz over the dime horivron are highest for the FDWS” [ned hanvest e
gz wd luwesl o the case of druagal. Obviously, thon, hamissts of wildebeost anc lovnest
Lur the (ined burvest tale cosnaroe, bot e highest farthe foll propory rights case,

Beginning wich somz 708 animals, kongoni popolations decline almos! consisiently
perosy all seenarios. Foneom aombers are highest for the prosemvation seerario; they increass tn

over Y04 E amamals in the ficse four years and chen decline sieadily 6 snme 4010 animals at the end
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of the fime periad, Foe he Shannon bodiversity consteaint simoolation and the woeenstrained
seendrio, numbeors decline to oear eeto by yoor 15, With three excepticns, koogoni harvests all
take place in the carly part of e Liee Loviaon, ceasing afer ehe 10" vcar, For the fixed harvest
tats suvulatmon. harvests decline dowly from the first peciod oo seto in the finel period. For the
unuonelrained und Shannon hicdiversity conslnunl seenamos, barests are nom—existent afrer FEAL
1€ for warlier) buoc they exhibit @ single largs spihe o e 13 on] 14" vears, mspectively.

Whilc ic i3 ditficulr o mase vul o cunsislend thome with reepect o popolaticns 3
havvests of lange hertavomza, the one thimg that ne2ds to e emphasised is the fact that the
h=laivary L il younc, wler—uclive ssem. Ag 2 reanlt, palicy ¢annon be Focused an one or Llwe
spcaicg, ool st Takie e aceount all of the ineractons, bevaessa and amnmnng specics, as well az
Lhz hehaviour of hamans whn affoce the sycrenw thromgh their carle slocsiog dlevizions and Lhe
efforts hes devare o hacvest of wilillife, IL1s the humwn acuvities that s aftoered by szonamic
incentives, and policy constraing and instingtions,  Wo now cenuider the soonumic benslils 1o

riacw ey wader vich of the soemarios.

5.7 Supmtary

A osdounaly of e policy msizling of Lhe biveconoouys sucmbotion joodel = prosided o
Tablr 5.4, T'nder tho nneanstrained pedicy, a1 of the wildlife popolaticedss an e ranch are deiven
o extitetion of very low levals ie the final teo periads, Tnferestingly, the preservation policy
Jeeas ot easnlt in che presarvarion of all populasions of wildlife herbivorcs an the ransh; it Icads
Lis 3e extlineticd) of nos—comperitive spacias (orex) and the n2ar extingtinm of athzrs [Thimsen®s
gugelle, sebeat, The wason is thar the gther pramals, and paricalzrly cattle, drive cut thosc

populatinus thal are least able o compete for toragz, Hence the conservation policy ther wag
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Hopemented m 1989 (bt praviensly espeomented aith on cne raneh near Noinshi) appears o
REve been o positive step.
Vnizr covservalion, s mimber of sustainghle polivies are examined. including the el
KA S policy that comeols e aes at which ranchors ¢ull wildlife popolaions.  Sompnsingly,
spsminabiliny i threaleasd ax thia sivation i3 sindlar o the preservation rosalt whers gorpe
soimals arc betrer abla b compele Lthan othors for forage. Deapite s low e of harvest relaive
o popelation. *hompson's gazzlle, w paclicular. are projected w e driven o exrincrion, an leasy
en the ranch This s clearly un unintended conszgue nee of wlial ol olherwize be caneidored
o pohey to puaranee spglamabiity,  The end—proried population c-;:-r;.i.n'aiu[, where [inal
gt ions ane sunstmined v be wl lewsd a: groat as starting poriod popularions, shows thil pame
ranchine 12 clearly o socially swstsinakle amemprise,  Under the Shanmon biodiversicy index
condrained policy. wimal popolutiony are adjosted in the lest twe pegiads of the medel in a
Fashinn simiiar ta che neconsorained case—all excess animuls (i.c., th:!ﬁc vt nicedeed b satief rha
bidiversily somsirainly are harvested in tha last period, Thes im]_';ljes. thasl the vzt of Shamon's
bindiversily ndes ax o judge for matainabiiny Icads fo an edooeous veoclusion about the
sisrainabiliny of the syitern. The [ull properly nghes policy, wheng prices aze adjusted opwacd:
b retlect pogcarial oo [meme gicoe hunting o viewing by forcign tonzists, 1= gimiler
susLEimatvliy tn che case of the.ond  poinn constml amd, ol all sustainable policics, sults in the
hichest not return. The dronght sitoation reswlts in sume aninals [wWling o o precipitowsly low
svel| iparticulacly myx) and it has @ preater degree of populotion Ouoluaticn. Othecwiss, the
kystonn remams relatively susrainable vnder deanght,. Tlus olfzcs furlher evidence tha el point
CCRSLaineg on populalc aze dee best means Lor susociog thal popolatons of weldluke herbivores

on A panre ranzh are maintaingd.
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Table 5.4: Fifectz of Varivws Kenvan Government Some Raoching Policics on Hanch
Returns, Papulation of Widlile Herhivores and Carrying Capacily, Maedel Simulation

Hraults. 15 years

_Policy simulaticn (mil, KS)

ITnconstrained

Preservitiom

Bl peeriud
Joeopabacian
<OnsLraint

hliior.un
Tiadiversity
MECASLFE,
=614

KW hiarvest
rAfe

Full peoperly
rights

Trronght

Effecd on  wildlife  herbivore

iha AU'_']___ pospinlalicuss

Met

Jdiscounted  Mean Cadeyine

Tl Mumozra cafwc ity

(AL

1361 115% 4.1%

HKL1Z 2334 347

13104 1425 4.19

13431 125 431

11154 22 168
13324 1034 4.10

12418 1572 4 E4

Ciank:  populations  driven o
cxtinetinm oF Mear exlinclion in
the final fee periods

Some wildlite oo lrivore
populativns driven & cxtinction
et compelileen fmmm other
animals. including catrle.

Fustanikle

Lustaimaksle; poimbers similar
the  cond period  population
conAtraine policy, cwcapn rapid
hurvest im final vear

Sustainabi ity 1lwealened

Sustwinable, differs from end—
pericd  pupulaton  canstruino
puolicy by net relum

Susluo:ble. bul only dus 1o tnd—
peiivd  consireiol bl Dmad
populiativn: are an least 0.5 of
iuilial pupulativy

Alsu pruvided i Table 3.3 ane the net discounted pressent values ol the policies.

By comparir these scooee policies, UL s poseible 1o sae sornethinge aboul the cosls of

varisus palivice

A% vapested, the vogonstcatoed wiaes vields he highest cefuros (o the

tanclers. The biadiversity consoraint result: in the naxi highesn ratrns, followad by the




pelicy thar erpsteawns Onil penod papulatiams o be ao less thar inilisl period populaticns;
this policy is judzed 10 be Qi muost suscainable and the emaining palicies ane Cmpare d
relative teoit. Inothis megaed. the Kenya Wildlife Sarvice’s policy eeduees discounted net

meome aver the 15 yeaes by score 125 millioa Kenyar shillings, b docs wothiog Lu

crhance ansrainability, A policy that permits ranehers tn hring forgign woursds onlo Ltheir”

lanidy for view:ng and huncirg {or eoables raochers Lo sell more of the prochick, smcl as
hidesd 15 also susliinable, ond actoally ncrcascs net ircons by 2.2 jullion K5 This is

thererire the pretfomsd palicy apticn.

Hinally, i iz noiabde il according to the model prersnted here, alwadaning (e
prevous prescrvacion palicy was a goacd desision, Mot only wae i ool swsteinable, it also

lowersd o rancher & ineome by wome 309 million K8 over the |3 year fire horizon,

120
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CHAI'TER &

DISCUSSION, MOLICY DMPLICATIONS AND CONCLLSIOMN

SThis rescarch has contributed © knowlodge o theess ways. baest, 1 docorments waldlife
ungulale popalacions an aanimenzial ranches in Kenya gver a penod of some 15 vewrs, and sheees
thac such wikdlife resources have tremendous polentia (or sustainable somrocreel pane meat
prodnction, given apprnpridle wildlife policies. Second, one possible way (0 NccUrage privalc
vind2ivation of wildlitc on private tarches 12 10 moreise Their valog (o the fanchar so that wildlifo
are cconnmicaliy compatitnve with lveslock,  Ino ilis research, T demoasorate that dymaeic
apfimization is = pawericl toul Lor eaaoiing B owliple-nse resmnce allocation problem on
privataly awred commercial rasches and for analysing Kenyan wildlile polices. The
crmmercial tanch is moodeled we o systern wifh lagistic popaletion goowth meaodels Uil cipuooe
systiean hivlogical behaviewr, including specics interactions.  In contrust to slulc sonomrds
procoduess, dynamcic opimisaion viphues systern dynamic hehaviour inhersnl in biclugicd
syetams. The bioesononic model indicatrs that game renching can be comperiive with domestic
wialdlile wdeor eortain conditions, and tul 11 12 susliinaksle,

Third. saschal rainfall is relevant for modeliog cacrying capacity in logeue popolatico
growrth funcliions. By explizifly inelnding precipilelion. one prosedes a biologieal Twterprotation
for the endogenously deternien] (esfimared) carrying capacily ol (he rach system.  Tno this
Tespecl, Callving capaciey 1 varable wiher than coostant, making o possible woanalyse he
eyaten broecononues wnder differcnc rainfall regimes, incleding droughe, Thos. crmples
golagizal henavioor of wild berbivor populakions in and snd semi—and cabgelands of Kenyva is
eropiricaliy vaptred nsing “reinfall-besed,” log siic population grovwth medel.,

WIth Tespeil 1o privare comncrcia ranches, KWS necds o wdopl o wildlile policy thas

has Lhe dual ukjestive of consering wildlife and yielding muximum econemic benetits o rneh
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preners. Since ranch resoncces apos which witdlite depend ae also utilissd by lvasrcck, the
runca mansper’ s task ig o allecele mited resourezs amaong wildlife and Hvestack, [t rogquiles
Lhat I‘;:..Il.rlH provide eomne o mmeentives to privats land oweers Lhal cousss them o allocate their
rescrurces rr wildlibe al lerms compelitive with livestock, Witlwul such incentives éha pra—] 9849
prescrvation policy), alovation of mnch resonrces b wildlife would depend on the goadedibl of
privatz land cwpers  In hie case, the ranched’s main fogus 3s lvestock. They maintain a Dairly
chnutant eattle propulaton over Lme, nging from 130 we L7900 hewd (Miguee 5.7). Gaane
unirnols arc allacarcd residua] nnee mesoorces atier cattbe reguncoews are mel. wilh Tunchers
lomuminer inceractive offoets of <attle o wildlile snee wilélifs do not direcly cooicibae 1o the
fbjective Ametiom. &g f resull, lass compeliaye pame specics ara drivan o ediociion (oryx) o
ncar cxtinstinn [Thoongson's gaeelle)y. as shown i Fimres 5.7 and 5.8, The pre 1989 preservution
policy may nac b= etfective i preserviog speeics.

There an: tweg ways KW3 vin provide sconwmic incentives i privare 1and owners: ©17
allowing kmd ownars o comnmereially barest same animals, and {2} compensating land oemcrs
for ranch regomirres neilisad by xame. The luler s smply too expensive. A policy allotwing
Limduwners Lo vemmmercially horecst gamz anémals mav be neggssary, ul il ey wlso Dol be
rafficient to ceause thern to cnmsorve pamc aniost, B Dopleseated wiresicained, i1 vields the
highest ner present -ncome hat conld l2ad oo extiberion of all mame. Tor i1 ur e sostainablo, 5
carimerceal game hamdsting palyy would require checks wod balances in arder to chmic
corservalion of ramne ammals.

Three policics for mstainability woe investpatsd witdin e commrercial  pame
baewesting palicy fromewack. (10 the Shaionon biodiversiy indkee cunsowmd. (2) s pmpattion of
populslion comelrmnt om pame damvedts, and (3) 2 eonsoaine an ond-period papulatians so thar

these ars at beast a3 2rcal a5 1he populalions al Lo 2210,
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The Ehanmon kadiversity indes constaint on game harvests vields the second hignes el
incorme ¢ Fable 5.2, hat it alse minimizes ending popalalions w lowese possiblas levels cormpatible
with the hicdiveesity ndes conseeing (Fignres 507 wed 5080, This makes the Shannon
hioeiversily Lodea o pour bsis for conwte Icial gone huervesting palicy, Becawse o leads w e Tosult
that is closer to g goconswrained vase. T8 may ook b anstaipb e

Uomstraiming  gae. barvesting w fixed off fake propodions {z fised propoicn of
population] results innar exlincliion of some game specics 18, Thomeon's gzells). For ollier
apecics, wopnlatien bulds up, buat & ineviably follwcd Uy a crash in popolation, &g is flie case
for oryx. While generally veneerving rame, the fixcd off-rake policy vields the seeand Inwest
el mresent inoeme and s e msk that i i not snstinahle ae i Gals lo ke inte accown-
interepocics inferfpeiive efferls and population dynamies.  This mukes L a poor basis for
commereial pave cropping,

Crmstraining chd peciod populaions to be squal to or gioawr than stuting pepulnions
appears oo he the ideal sustainable poae harvestims policy. 10 ensuress an cxecent distribocian af
game: populations pver ime ang boambigueusly ensorcs sustaimability and conzeration of pRime
iEnzoees 39 amd 310, Morcover, it yizlde suhetantial w2 present incorne that is close to the
Bhurmen mdex cnrsoraingd and oneonstziioed barvesling policies.  This palicy iz ideal; it
provides neccsgary soolenus beutives o the prvale landwaners for scoomplishing the task of
alleating ranch rezonrces oy e ad callls o such o way thar conservation goals of Y5 e
ik vod poeatest cconomie benebit accrues to ranckers.

Within the crmteat of the cnd—pericd population constradnsd policy framewark, the stody
provides insights ino whhoonal economic incendves 0 landowncrs theongh sale of othey
products hesides meat and huncing and game vizwring expeditions, o alsa provides cooliooary

bl by goroe croppusg policy woder o drowght sioation,  The study shews that allowding
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lanlowners ol properry righes to wildlifz (over and above pume meal] might wol comgiranisse
pame conservation standacds (Tizoces 3,19 and 5200 and ac the same time ¢ presenls ranchers
with :m oppurLunity W i higher net prosemt imeoms: (Tahle 5200 1L should be socveeaged,
theretore, as benetis ure posilive [oom the siondpoint of KWSE. T alen has the added featses Lha
leas momionnye 15 rexquired by K25,

Under conditivns of deanght, the study shows o genecwl decline of gone popularions
{Firumes 5,23 pod 5.24% wod manchers have toomaks do wilh Liveer hiareest levels (Figuees 5,25 and
52680 and Jower nel peesant income (Table 5210 Lhooght mepresems o critcal me for
commercid g cTopping, TeqUINing rastraint on the pan of moclees and ¢nse monitoring by
RS o areoid potcnrially irreversible damaggs 1o suldlile ooobers,

Istend  of providing ccanomic meerlives Lo laodownces by allowwng  them e
commoercially harest aame animalz. the allemative s 1o conpensate them for ranch reseurces
atilised by pame. This smdy provides o bases (oo deleepining campensatinn mates, using Lhe
shadew prives fuser ensted per enimul obloined under dee hest pamc—cropping Tramevork.
Hunchers strive 1o et the Bighest cconorme benelil possible Som game, so the best coruppie
framewers, fram Lhedr standpoint, is g poemit foller wse of wildlife wogolates, incding rophy
fanting and sale of lourist expedilions, hecamss it yiclds the highesl nel present lceme and, atthe
silrLE Linee, atdaing KWS conssrvaticn objsclives,

Uhese cesults lave beom amiverl an withine e vootesl of a detzrnumistic model thid 1
ermgidercd wdequate [or the poiposs of wildlife policy analysis.  For management purposcs,
however, a stochastie rmode! s considered (o be more apprapriace. Uhis it supgested direcricn

for e seseacsh,
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