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52 Abstract

53 Migration of ungulates is under pressure worldwide from range contraction, habitat 

54 loss and degradation, anthropogenic barriers and poaching. Here, we synthesize and 

55 compare the extent of historical migrations of the white-bearded wildebeest 

56 (Connochaetes taurinus) to their contemporary status, in five premier East African 

57 ecosystems, namely the Serengeti-Mara, Masai Mara, Athi-Kaputiei, Amboseli and 

58 Tarangire-Manyara. The current status, threats to migration, migratory ranges and 

59 routes for wildebeest were characterized using colonial-era maps, literature reviews, 

60 GIS and aerial survey databases, GPS collared animals and interviews with long-term 

61 researchers. Interference with wildebeest migratory routes and dispersal ranges has 

62 stopped or severely threatens continuation of the historical migration patterns in all 

63 but the Serengeti-Mara ecosystem where the threat level is relatively lower. 

64 Wildebeest migration has collapsed in Athi-Kaputiei ecosystem and is facing 

65 enormous pressures from land subdivision, settlements and fences in Amboseli and 

66 Mara ecosystems and from cultivation in Tarangire-Manyara ecosystem. Land use 

67 change, primarily expansion in agriculture, roads, settlements and fencing, 

68 increasingly restrict migratory wildebeest from accessing traditional grazing resources 

69 in unprotected lands. Privatization of land tenure in group ranches in Kenya and 

70 settlement policy (villagization) in Tanzania have accelerated land subdivision, 

71 fencing and growth in permanent settlements, leading to loss of key wildebeest 

72 habitats including their migratory routes and wet season calving and feeding grounds. 
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73 These processes, coupled with increasing human population pressures and climatic 

74 variability, are exerting tremendous pressures on wildebeest migrations. Urgent 

75 conservation interventions are necessary to conserve and protect the critical 

76 wildebeest habitats and migration routes in East Africa.

77

78 Keywords: Wildebeest; population declines; migration; migratory routes, migratory 

79 corridors, land use change; land tenure change; wildlife conservancies; agriculture; 

80 settlements; fences; human population growth; poaching; Kenya; Tanzania; Serengeti-

81 Mara Ecosystem; Masai Mara Ecosystem; Loita Plains; Athi-Kaputiei Ecosystem; 

82 Athi-Kaputiei Plains; Amboseli Ecosystem, Western Kajiado Ecosystem, Ngorongoro 

83 Conservation Area; Tarangire-Manyara Ecosystem 

84 Introduction

85 Large mammal migrations are among the most-awe inspiring of all migrations [1]. 

86 These migrations, the seasonal and round-trip movement of large herbivores between 

87 discrete areas, are under increasing pressures worldwide. Globally, migrations of 6 

88 out of 24 species of ungulates are either already extinct or their status is unknown [2]. 

89 Of the remaining ungulate mass migrations, most occur in six locations in Africa, 

90 including the white-bearded wildebeest (Connochaetes taurinus Burchell, 1823) 

91 migration in the Serengeti-Mara ecosystem of Kenya and Tanzania [2]. Range 

92 restriction and alteration, degradation and loss of habitat due to agriculture, poaching 

93 and barriers that block migration, such as fences, roads, railroads, pipelines and 

94 settlements have progressively disrupted historical migratory routes and decimated or 

95 driven rapid population declines of many of the once spectacular migratory herds over 

96 the 20th century [1,3-5] . 
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97

98 Because migration enables populations to grow to large abundances, its disruption 

99 leads to restricted ranges and consequent population declines [1,6,7]. The preservation 

100 of the phenomenon of migration requires conservation of both the migratory species 

101 and the habitats along their routes. It also requires a sound understanding of the 

102 factors and processes underlying the degradation and loss of migratory routes and 

103 declines of populations to devise effective strategies for protecting migratory routes, 

104 habitats and populations [1]. Although causes of ungulate migrations are not yet fully 

105 understood [8], the temporal regularity of migrations suggests that they are a response 

106 to seasonal fluctuations in spatial patterns of resource availability and quality [9,10]. 

107 Thus, in the Serengeti-Mara ecosystem, rainfall through its effect on food supply and 

108 salinity of drinking surface water has been suggested as a trigger for the northward 

109 migration [11] whereas high nutrient availability on the short grass plains is thought 

110 to attract lactating female wildebeest southwards [12]. This migration results in the 

111 movement of wildebeest from the open, highly nutritive grasslands with low biomass 

112 in the wet season, to wooded grasslands with high biomass of lesser nutritive quality 

113 during the dry season [13].

114

115 We focus on populations of wildebeest sub-species in East Africa because they (1) are 

116 taxonomically closely related, (2) represent some of the most important remaining 

117 large mammal migrations on earth, (3) share similar conservation problems, (4) all 

118 have ranges within and outside protected areas, and (5) have a range of current and 

119 potential pathways to protection. The threats facing wildebeest migrations involve the 

120 interplay of multiple factors and processes [1-3,14]. In the Masailand of Kenya and 

121 Tanzania, ungulate population declines, particularly of wildebeest, are linked to 
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122 habitat loss due to land use change or habitat degradation caused mainly by expansion 

123 of cultivation [9,15,16]. Illegal hunting might, however, have contributed more to 

124 dwindling populations of migratory ungulates in some areas, including the Tarangire-

125 Manyara ecosystem of Tanzania [17-19]. Wildebeest also cause problems for 

126 livestock, including competition for forage and transfer of the deadly malignant 

127 catarrhal fever virus from wildebeest calves to cattle [20,21]. The type and intensity 

128 of these factors and processes vary among migratory species and across their meta-

129 populations or ecosystems. Effective wildlife conservation and protection thus 

130 requires clear prioritization of the factors leading to population declines both in the 

131 short-and long- term. Integral to this process is reviewing the history, status, trends 

132 and threats facing populations of particular migratory species across a range of 

133 ecosystems along the entirety of their migratory routes to extract general insights into 

134 the threats they face as a basis for developing approaches likely to succeed in 

135 conserving their populations and migrations. 

136

137 We describe and compare the extent of historical migrations of the western (C.t. 

138 mearnsi) and eastern (C.t. albojubatus) white-bearded wildebeest with the current 

139 status of these migrations and migratory routes in five ecosystems of East Africa. We 

140 evaluate long-term wildebeest population trends, putative drivers of change and their 

141 impacts on the critical habitat and migratory ranges of wildebeest in each of the five 

142 ecosystems. We suggest potential strategies for conserving these migrations, some of 

143 which rank among the Earth’s most spectacular remaining terrestrial migrations (Fig 

144 1). Lastly, we evaluate causes of wildebeest population declines and range 

145 contraction, including human population expansion, land-use change, poaching, land 

146 uses incompatible with wildlife conservation, deficiencies in existing wildlife 
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147 policies, institutions and markets in Kenya and Tanzania and suggest conservation 

148 strategies to alleviate the population declines. 

149

150 -----Fig 1 about here ------------------------------------------------.

151

152 Materials and methods

153 Study Area

154 This study covers the five ecosystems in East Africa with migratory wildebeest 

155 populations (Fig. 2). These include the Serengeti-Mara, Loita Plains, Athi-Kaputiei 

156 Plains, Amboseli Basin, and Tarangire-Manyara ecosystems. Across these five 

157 ecosystems, we focus on eight populations of either the western (Serengeti-Mara, 

158 Ngorongoro, Loita Plains, Narok County) or the eastern (Athi-Kaputiei, Machakos 

159 County, Amboseli, West Kajiado, Tarangire-Manyara) subspecies of the white 

160 bearded wildebeest [22]. We consider three (Ngorongoro, Narok County and 

161 Machakos) of the eight populations only superficially because they are part of at least 

162 one of the other populations considered in detail. We do not consider small, resident 

163 wildebeest populations occupying the western corridor in Serengeti and the Loliondo 

164 Game Controlled Area (LGCA) in north-eastern Tanzania [14].

165

166 The Serengeti-Mara Ecosystem covers about 40,000 km2 in Tanzania and Kenya 

167 [14,23]. The ecosystem encompasses the Serengeti National Park, Ngorongoro 

168 Conservation Area, Maswa, Grumeti, Ikorongo and Kijereshi Game Reserves, 

169 Loliondo Game Controlled Area, Ikona and Makao Wildlife Management Areas in 
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170 Tanzania and the Masai Mara National Reserve and adjoining wildlife conservancies 

171 and pastoral ranches in Kenya. 

172 The Ngorongoro Conservation Area (NCA, 8,292 km2) is part of the Greater 

173 Serengeti-Mara ecosystem. It includes the Ngorongoro Crater (310 km2) and is 

174 bordered to the north by the Loliondo Game Controlled Area (4000 km2). Lake 

175 Natron Game Controlled Area (LNGCA, 3000 km2) borders the LGCA to the 

176 southeast and the NCA to the northeast (Fig. 2). 

177

178 The Narok County (17,814 km2) encompasses the Loita Plains and the Masai Mara 

179 Ecosystem in Kenya. The Athi-Kaputiei ecosystem (2,200 km2) covers the Nairobi 

180 National Park (117 km2) and the adjacent Athi-Kaputiei Plains in Kenya. Machakos 

181 County (14,225 km2) is contiguous with the Athi-Kaputiei ecosystem. The Greater 

182 Amboseli ecosystem of Kenya (7730.32 km2) covers the Amboseli National Park (392 

183 km²) and surrounding dispersal areas on pastoral rangelands, covering some 3,000 

184 km2 [24-26] . Western Kajiado (11388.54 km2) is bounded by the Greater Amboseli 

185 Ecosystem to the East. Both ecosystems are found in Kajiado County of Kenya.

186

187 The Tarangire-Manyara ecosystem of Tanzania covers the Tarangire (2,850 km2) and 

188 Lake Manyara (649 km2) National Parks and Manyara Ranch (177 km2), a private 

189 conservancy that supports livestock rearing, wildlife conservation and tourism. This 

190 ecosystem is adjoined by rangelands managed primarily for cultivation, livestock 

191 grazing, legal game hunting, and tourism on community land designated as Open 

192 Areas, Game Controlled Areas or Wildlife Management Areas [15]. These include the 

193 Simanjiro Plains, the Mkungunero Game Reserve (800 km2) and Lolkisale Game 
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194 Controlled Area (1500 km2). Altogether, the range for the migratory wildebeest 

195 covers about 35,000 km2 [17,27-30].

196

197 Human population growth drives sedentarization, expansion of settlements, fences 

198 and other land use developments in the study ecosystems [4,5]. These changes 

199 promote land use intensification and illegal livestock incursions into protected areas 

200 to the detriment of migratory wildebeest [31,32]. In Kenya, human population size 

201 increased in Narok County by 673% from 110,100 in 1962 to 850,920 in 2009; in 

202 Kajiado County by 905% from 68,400 in 1962 to 687,312 in 2009 and in Machakos 

203 County by 247% from 571,600 in 1962 to 1,983,111 in 2009 [33]. Similarly, in 

204 Tanzania human population size increased in the Serengeti District by 11.6% from 

205 249,420 in 2012 to 282,080 in 2017 and in Monduli and Simanjiro Districts, 

206 containing the Tarangire-Manyara Ecosystem, by 13.5% from 460,775 people in 2012 

207 to 532,939 in 2017 (www.nbs.go.tz).

208

209 Across the Serengeti-Mara ecosystem, Narok County, Masai Mara ecosystem and the 

210 Loita Plains, rainfall is markedly bimodal and increases steeply along a southeast–

211 northwest gradient, from east to west, south to north and over time [34]. Notably, 

212 rainfall increases from 500 mm on the Serengeti Plains to the Southeast to 1400 mm 

213 to the north-west of Masai Mara National Reserve. Across the Kajiado County in 

214 which the Amboseli, Athi-Kaputiei and Western Kajiado Ecosystems are found, 

215 rainfall is low, bimodal and highly variable, and total annual rainfall averages 685 

216 mm (range 327-1576 mm). The short rains fall from November to December (30.97 ± 

217 27.85% of the annual total) and the long rains from March to May (47.5 ± 15.06% of 

218 the annual total). The dry season rains fall during June- September. Rainfall is 
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219 markedly variable in space and increases with elevation such that it averages 300 

220 mm/yr in the low-lying Amboseli basin and rises to 1250 mm/yr on the slopes of Mt. 

221 Kilimanjaro and Chyulu Hills in the southeast of the County to 800 mm in Nairobi 

222 National Park and 971 mm at Ngong hills in the northwest of the County [26]. 

223 Rainfall increases from under 500 mm in the extreme southeast of the Athi-Kaputiei 

224 Plains to over 800 mm in northern Nairobi Park [35]. In the Tarangire-Manyara 

225 ecosystem, rainfall is bimodal and averages 650 mm per annum. The short rains span 

226 from October to December and the long rains from March to May. The rains are 

227 unreliable and frequently fail, especially the short rains [15]. Land use patterns in the 

228 study ecosystems are described comprehensively elsewhere [15,26,34-36].

229

230 -------------------------Fig. 2 about here -------------------------. 

231

232 Historical wildebeest migrations in East Africa 

233 Information on the migratory wildebeest range, routes and status was compiled from 

234 literature reviews, colonial-era records, maps, GIS databases, Global Positioning 

235 System (GPS) collared wildebeest and interviews with local residents and researchers 

236 knowledgeable about the study ecosystems. We reviewed historical records to provide 

237 a context for assessing changes in wildebeest migrations in East Africa.

238 Mapping contemporary wildebeest migratory routes and ranges

239 To obtain information on contemporary wildebeest movements, we placed GPS 

240 collars on 15 wildebeest in the Loita Plains in the Mara Ecosystem in May 2010, 12 in 

241 the Athi-Kaputiei Plains and 9 in the Amboseli Basin in October 2010. The collars 
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242 were programmed to collect the position of each wildebeest 16 times each day (every 

243 hour from 6:00 AM to 6:00 PM and every three hours from 6:00 PM to 6:00 AM) for 

244 a 2-year study period. Data are available on Movebank (www.movebank.org)

245

246 In the Tarangire-Manyara ecosystem, OIKOS and Tanzania National Parks [37] 

247 tracked movements of radio collared wildebeest and zebra and GPS collared elephants 

248 (Loxodonta africana) during 1995-2002 to establish if they still used the main 

249 migratory routes identified earlier [38]. OIKOS also established the presence or 

250 absence of migratory routes and assessed wildlife species abundance in the ecosystem 

251 during 1995-2002 by interviewing local communities, hunting operators, employees 

252 and residents and conducting multiple aerial reconnaissance and systematic 

253 reconnaissance flights. Several studies later mapped and analysed land use changes 

254 along the migratory corridors [36,39]. We did additional unstructured interviews on 

255 the status of the migration routes in the ecosystem during 2006-2007. Our interviews 

256 targeted long-term local residents and researchers and were carried out during ground 

257 truthing work for imagery analysis on historical land use and cover changes in the 

258 ecosystem from 1984 through 2000 to 2006-2007. Local Masai elders who knew the 

259 history of the ecosystem well helped with the ground truthing and interviewing local 

260 residents about land use and cover changes. The field data form used for our 

261 interviews is provided in Table S1. 

262

263 Wildebeest population trends

264 Wildebeest population estimates were compiled from aerial surveys conducted in 

265 Kenya by the Directorate of Resource Surveys and Remote Sensing (DRSRS) and in 

266 Tanzania by the Tanzania Wildlife Research Institute (TAWIRI), Tanzanian Wildlife 
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267 Conservation Monitoring Unit (TWCM) and Frankfurt Zoological Society (FZS). The 

268 methods used in the aerial surveys and for estimating population size are described in 

269 detail elsewhere [33,40-42] . Aerial surveys began in the Athi-Kaputiei ecosystem in 

270 1949 [43], in the Serengeti-Mara ecosystem in 1957 [44-46]), in the Tarangire-

271 Manyara ecosystem in 1964 [27] and in Amboseli in 1973 [47]. 

272

273 Distribution of cultivation and fences

274 Data on the distribution of agriculture were obtained from the FAO Africover project 

275 2000 [48]. The project mapped land cover for the year 2000 for the whole of East 

276 Africa from Landsat images (30 m resolution) and updated the Kenya map in 2008. 

277 The map category ‘agriculture’ was extracted from the Africover data set and clipped 

278 according to the study area boundary. In the Athi-Kaputiei ecosystem fences were 

279 mapped in 2004 and 2009 by the International Livestock Research Institute (ILRI) 

280 and African Wildlife Foundation (AWF) in collaboration with the local communities 

281 and local NGO’s using hand-held (GPS, with scientific, technical and logistical 

282 support provided by ILRI [4,5,35]. Fences, settlements, roads and other 

283 infrastructures were similarly mapped with hand held GPS in Amboseli in 2004-2006 

284 [49,50] and in Masai Mara in 1999, 2002 and 2015 [51-54]. A few fences also exist in 

285 the ecosystem in Tanzania.

286

287 Wildlife conservation initiatives and gaps in policies, institutions and markets in 

288 Kenya and Tanzania
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289 We reviewed official records on contemporary wildlife conservation initiatives and 

290 identified important gaps in wildlife policies, institutions and markets in Kenya and 

291 Tanzania. 

292

293 Statistical Analysis

294 Estimates of wildebeest population size for each ecosystem were obtained using 

295 Jolly’s method II for transects of unequal lengths [55] and related to the year of 

296 survey using negative binomial regression models with linear and quadratic 

297 polynomial terms and serial autocorrelation in the counts accounted for using the first-

298 order autoregressive model. Selection between the linear and quadratic models was 

299 based on the Akaike Information Criterion [56]. The models were fitted using the 

300 SAS GLIMMIX procedure [57]. Temporal trends in wildebeest population size were 

301 modeled using a semiparametric generalized linear mixed model with a negative 

302 binomial error distribution and a log link function in SAS GLIMMIX procedure [33]. 

303 The percentage change in population size between the start and end dates of the 

304 surveys was estimated for each ecosystem. For some ecosystems predicted population 

305 size for two to three consecutive surveys were averaged and used to compute the 

306 averages to minimize the effect of stochastic noise due to small sample size or areal 

307 coverage.

308
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309 Results

310 Historic and contemporary migratory routes

311 The seasonal migration of the white-bearded wildebeest and zebra (Equus quagga 

312 burchelli) from the Serengeti Plains in Tanzania to Masai Mara in Kenya [14,46] is 

313 called the southern migration. It differs from the northern migration that involves 

314 seasonal movements of wildebeest, zebra and Thomson’s gazelle (Gazella thomsoni) 

315 between the Loita Plains and Masai Mara National Reserve within the Narok County 

316 of Kenya [9,10,16,58]. The wildebeest involved in the northern migration form the 

317 bulk of the Narok County population. 

318

319 The migration ranges, routes and population trends of the Serengeti-Mara wildebeest 

320 have been extensively studied (e.g., [59,60], Table S2). After rinderpest killed about 

321 95% of this population between 1890 and 1892, it remained low till 1962. The 

322 population increased from 263,362 in 1961 to 483,292 in 1967 following veterinary 

323 removal of rinderpest in wildebeest in 1962 and again from 1967 to 1.4 million in 

324 1977, coincident with an increase in the dry season rainfall [61,62].

325

326 The migration pattern of the Serengeti-Mara wildebeest in the 1940s and 1950s was 

327 different from what it is today. Then, wildebeest migrated periodically between the 

328 Kenya’s Loita Plains and Tanzania [63,64]. Heavy harvesting of wildebeest (plus 

329 zebra and other species) in Narok County during World War II to provide meat for 

330 labour and prisoners of war and reduce competition with Masai livestock until 1947 

331 [64 reduced their population. Even so, wildebeest population on the Loita Plains 

332 numbered about 50,000-100,000 individuals prior to 1947 [45]. Thereafter, the 
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333 population further declined drastically because the Loita Plains were opened up to 

334 uncontrolled commercial meat-hunters for a short period after World War II [67]. 

335 Subsequently, the Mara population (including the Loita Plains) numbered about 

336 15000 by 1958 [45] and 17,817 by 1961 [65].

337

338 The Mara wildebeest [45,46,58,66] were formerly more numerous and their 

339 distribution extended far beyond their contemporary range in the Mara region of 

340 Narok County. But major land use and cover changes have progressively degraded 

341 and reduced the historical wildebeest habitats [9,68].

342

343 Wildebeest occupied parts of the Rift Valley extending from the Tanzania border 

344 north to Kedong Valley in Kenya and in the early 1900s, to the eastern and southern 

345 shores of Lake Naivasha [46, 69-75]. Thus, in 1902, Meinertzhagen [74] recorded 

346 wildebeest on the flats east of Lake Naivasha. Moreover, based on annual hunting 

347 returns, wildebeest were shot in Naivasha in 1906-07 [70] and in the Rift Valley in 

348 1909-10 [71]. The Mosiro Plateau in Narok County was the probable link between the 

349 Rift and Serengeti-Mara wildebeests when the Plateau landscape was still open and 

350 had tall grass, few gullies and bushes [46]. Livestock overgrazing degraded the 

351 plateau making it impassable for wildebeest by early 1960s [46]. Part of this 

352 wildebeest population also occupied the centre and west of the Rift Valley, near Mt. 

353 Suswa, south of Naivasha in 1909 and 1910 [73]. Their distribution extended to the 

354 East Rift Wall, near Kijabe in central Kenya [76]. But, all the wildebeest populations 

355 in the northern area of the Rift Valley in Kenya became extinct before 1962 because 

356 of hunting and fencing of ranches around Lake Naivasha and in the Rift neighbouring 

357 Suswa area [46]. Wildebeest were later re-introduced on the Cresent Island in Lake 
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358 Naivasha and slowly spread, or were physically moved, to other surrounding areas. 

359 Their population increased steeply in Nakuru Conservancy in the Nakuru-Naivasha 

360 region of Kenya during 1996-2015 [77]. Wildebeest were also found in several other 

361 parts of Kenya in earlier years where they have since been exterminated. In particular, 

362 returns of game animals shot on license in 1909-10, show wildebeest were found on 

363 the Mau Plateau in Narok County, the Kisii region in Southwestern Kenya, Laikipia 

364 and North Uaso Nyiro in Central Kenya, Makindu and Voi in southeastern Kenya 

365 [71]. 

366

367 A small wildebeest population occurs in the Ngorongoro Conservation Area in 

368 Tanzania [78,79]. It concentrates in the Crater in the dry season but disperses to areas 

369 outside the Crater in the wet season, including the Lake Natron Game Controlled 

370 Area. During the early dry season wildebeest sometimes move east from the Serengeti 

371 short grass plains into Ngorongoro Crater/Conservation Area and leave at the onset of 

372 the rains but a smaller residual population remains in the Crater during the rainy 

373 season [46,63]. Wildebeest from the NCA and the Serengeti short grass plains also 

374 migrate to the south-eastern part of the LGCA. 

375

376 The Athi-Kaputiei, Amboseli, Western Kajiado and Machakos County wildebeest 

377 populations were historically part of a single large migratory population that used to 

378 range over most of the present day Kajiado County in Kenya until the 1960s before it 

379 split up into three rather distinct populations [22,26,35,76]. The western Kajiado 

380 population is currently non-migratory. The Athi-Kaputiei wildebeest population uses 

381 the Nairobi National Park during the dry season due to its reliable water supply and 

382 abundant grass and move to calve on the pastoral lands to the southeast of the park 
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383 during the wet season [4,5,35,80-83]. The Athi-Kaputiei wildebeest population was 

384 centred on the Athi-Kaputiei Plains in the wet season prior to the 1920s. Historically, 

385 some Athi-Kaputiei wildebeest may have migrated south to the Amboseli ecosystem 

386 [46,67,76]. They intermingled with the then larger Amboseli population centred on 

387 the Amboseli Plains north of Kilimanjaro in the wet seasons. Both populations were 

388 migratory and moved to water in the hills and woodlands in the dry seasons and 

389 returned to the plains in the wet seasons. In very dry periods many wildebeest from 

390 both populations moved northeast and south, including into Tanzania [46].

391

392 The Athi-Kaputiei wildebeest moved north, east, and south in the wet season but 

393 spent the dry season on the Athi-Kaputiei Plains until at least 1927 [46,67,76] . The 

394 Athi-Kaputiei wildebeest population migrated as far north as the Thika River in the 

395 dry season but only few went beyond this point [46,67,76]. A resident wildebeest 

396 population north of the Thika River and another near Juja, both northeast of Nairobi 

397 in Kenya [46,75,76] went extinct. The Athi-Kaputiei wildebeest population also 

398 migrated as far north as Muranga (Fort Hall) and the Yatta Plateau, south of the Tana 

399 River [63]. De Beaton [84] recorded animal movements from the Nairobi National 

400 Park westwards towards the Ngong Hills and to the south. The Nairobi-Mombasa 

401 Road and later the park fence bordering this road interrupted the northward migration 

402 of wildlife to Nairobi, Ruiru-Thika and Ol Donyo Sapuk in the dry season. When a 

403 fence was first erected around Nairobi in the early 1900s, it killed many animals, 

404 including wildebeest [85]. A fence constructed in 1967 along the eastern side of the 

405 Ngong Hills and South of the Kiserian River and that joined the south-western corner 

406 of the Nairobi Park fence, further disrupted the dry-season migration of wildlife to the 

407 Ngong Hills [81,86].
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408

409 Large areas of the Athi-Kaputiei Plains were ploughed and planted with wheat to 

410 contribute to war time food production during World War II. The wheat attracted 

411 large wildlife herds, including wildebeest, which were shot as part of crop protection 

412 [87]. This population dispersed periodically to the adjoining Machakos County, 

413 especially during droughts, but more recently, due to displacement by extreme land 

414 use changes and developments in the Athi-Kaputiei Ecosystem [5,33,35,83,88].

415

416 The migration and ranges of the Amboseli and West Kajiado wildebeest populations 

417 are described by several authors [22,25,46,63,67,75,76]. Occasional old bulls moved 

418 from the Rift near Lake Magadi area in western Kajiado to Nairobi area in the 1920s 

419 [76]. Wildlife, especially wildebeest and zebra, were also harvested in large numbers 

420 in Kajiado County (Amboseli Ecosystem) during World War II to provide meat for 

421 labour and prisoners of war; free meat for the Kamba people because of famine 

422 caused by severe drought; and after the end of the war to reduce competition with 

423 Masai livestock for forage [64,67].

424

425 In the Tarangire-Manyara Ecosystem, the migratory wildebeest occupy the Tarangire 

426 National Park in the dry season but disperse to their wet season ranges and calving 

427 grounds on the Simanjiro Plains, the Mkungunero Game Reserve, Lolkisale Game 

428 Controlled Area, Manyara Ranch, Lake Manyara National Park and adjacent game 

429 controlled areas (used mainly as hunting areas) in the wet season. OIKOS and 

430 TANAPA [37] confirmed that nine main migratory routes that Lamprey [38] had 

431 identified earlier in the Tarangire-Manyara ecosystem, were still being used during 

432 1995-2002.
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433

434 Wildebeest migrated from within protected areas in the dry season to dispersal areas 

435 outside conservation areas in the wet season in all the ecosystems but the Serengeti-

436 Mara ecosystem where the migration occurred mostly within the protected areas (Fig. 

437 2). Wildebeest migration has discontinued altogether in parts of the ecosystems, and 

438 reduced along a number of historical routes (Fig. 3). 

439

440 ------------------------Fig. 3 about here --------------------------.

441

442 Notably, the decline and discontinuation of migration happened in four out of the five 

443 ecosystems where wildebeest migrated outside protected areas. No discontinuation of 

444 migration is reported from the Serengeti-Mara ecosystem where wildebeest migrates 

445 almost entirely within protected areas. Discontinued or currently less intensively used 

446 migration routes overlapped with agricultural and settlement expansion in the Mara 

447 and Tarangire-Manyara ecosystems and fences, settlements and roads in the Athi-

448 Kaputiei Plains (Fig. 3). Fig. 3 does not include settlements, which is another main 

449 cause of change to the migratory routes in the study ecosystems. 

450

451 --------------------Fig 4 about here---------------------------. 

452

453 Movement data (  = 279,718 fixes) from the GPS collared wildebeest showed the 𝑛

454 migration routes during 2010-2013 (Fig. 4). Several features of the wildebeest 

455 movements and space use are noteworthy. Wildebeest primarily used habitats outside 

456 of the protected areas in the Mara, Athi-Kaputiei and Amboseli ecosystems (> 87% of 
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457 the 279,718 fixes). This emphasizes the importance of pastoral lands and community-

458 based conservation to the protection of the three wildebeest populations. In particular, 

459 the Loita Plains wildebeest heavily used the wildlife conservancies adjoining the 

460 Masai Mara National Reserve to the north. Hence, when both the reserve and 

461 conservancies are considered, 73.4% (85,194 of 116,061 fixes) of the Loita Plains 

462 wildebeest locations fell within the conservation area boundaries. Further, one 

463 wildebeest collared in Loita Plains moved south through the LGCA to the NCA in 

464 Tanzania, covering a total of 205.4 km from its initial collaring location (Fig. 4b). 

465 This route approximates the historical migration route of the Loita wildebeest up to 

466 the 1950s [63]. This reinforces the critical importance of LGCA to Serengeti-Mara, 

467 Loita and Ngorongoro wildebeest migrations and to the ecological integrity of the 

468 Greater Serengeti-Mara ecosystem.

469

470 The Nairobi-Namanga tarmac road, bisecting the wet season range of the Athi-

471 Kaputiei wildebeest, has split the population into two distinct sub-populations, 

472 concentrated on the eastern and western sides of the road (Fig. 4b). Collaring 

473 locations and direct field observations showed that no collared wildebeest crossed the 

474 tarmac road during the 2010-2013 study period. Lastly, the Amboseli wildebeest 

475 population also moved widely, including into the adjoining Longido District in 

476 Tanzania, reflecting the historical migration routes for this population [46,76]. One 

477 wildebeest collared in the Amboseli Basin travelled 6,197.8 km over 728 days during 

478 the study period. Further details on the collared wildebeest movements can be found 

479 in Stabach [88].

480

481 Wildebeest population trends
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482 The Serengeti-Mara wildebeest population grew steadily from 190,000 in 1957 

483 following the veterinary eradication of rinderpest in cattle in 1962 [90], until 1977 

484 when it stabilized with one noticeable decline during 1993, when a severe drought 

485 reduced the population from around 1.2 million to less than 900,000 animals [91] ( 

486 Fig. 5a). The population has since then recovered and stabilized at around 1.3 million 

487 animals [14] though the more recent population size estimates suggest some slight 

488 upward trend (Fig. 5a). The estimated population size and standard errors and other 

489 details of the aerial surveys for all the eight study ecosystems are provided in S1-S5 

490 Datas.

491

492 The Loita Plains wildebeest population declined steadily from about 123,930 animals 

493 in 1977-1978 to around 19,650 animals by January 2016 (Fig. 4b), a decrease of 

494 80.9%. This decline was highly significant (Table 1). The population of the Serengeti 

495 migrants coming to the Mara ecosystem in the dry season (July-October) similarly 

496 decreased by 73.4% from 587,500 in July-August 1979 to 157,124 animals in 

497 November 2016. The dramatic decline was also evident for the Narok County 

498 wildebeest population (Table 1, Fig. 5c, S2 Data). 

499

500 The Athi-Kaputiei wildebeest population suffered a 95% decline in numbers from 

501 over 26,800 animals in 1977-1978 to less than 10,000 by the mid-1990s and under 

502 3,000 animals in 2007-2014. The decline of this population has been much more 

503 dramatic in recent decades, leading to a virtual collapse of the migration (Fig. 5d). 

504 The catastrophic decline is highly significant (Table 1, S3 Data). A recent 1298% 

505 increase in Machakos County population, coincident with the decrease in the Athi-
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506 Kaputiei population (Fig. 5e), is not statistically significant likely because of a large 

507 variance in the population estimates (Table 1, S4 Data). This strongly suggests that 

508 some wildebeest migrated from the Athi-Kaputiei rather than died. 

509

510 The migratory wildebeest population in the Amboseli ecosystem also declined by 

511 84.5% from about 16,290 animals in 1977-1979 to 2,375 by 2010-2014 (Fig. 5f). The 

512 population fluctuated between 16,290 and 20,000 individuals and increased to 33,000-

513 37,000 individuals during 1978-1986 and fell to 16,779 animals by 2007. The 

514 population declined to under 5,000 animals in 2010 following a severe drought in 

515 2008-2009 (Fig. 5f) and has not recovered ever since. This decline is highly 

516 statistically significant (Table 1). The non-migratory wildebeest population in West 

517 Kajiado decreased by 44% from 5,700 animals in 1977-1979 to 3200 animals in 2010-

518 2014 but this decrease is not statistically significant likely due to large variances in 

519 population size estimates (Table 1, Fig. 5g, S5 Data). 

520

521 The Tarangire-Manyara population first increased from an estimated 24,399 animals 

522 in 1987 to 48,783 animals in 1990. Thereafter the population fell precipitously to 

523 13,603 animals by 2016 without signs of recovery (Fig. 5h). This extreme population 

524 decline is statistically significant (Table 1) despite the large variances in the 

525 population estimates (S5 Data).

526

527 ----------------------------Fig. 5 about here------------------------ 

528
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529 Table 1. Results of the regression of wildebeest population size on year of survey. 

530 NDF and DDF are the numerator and denominator degrees of freedom, respectively.

Region Number 

of surveys

Intercept Linear 

Slope

Quadratic 

slope

NDF DDF F P >F

Serengeti-Mara 22 -4785.20 4.8075 -0.00120 a1 19 39.84 <0.0001

b1 19 39.41 <0.0001

Mara 21 13272 -13.2237 0.0033 a1 18 11.40 0.0034

b1 18 11.26 0.0035

Narok County 17 62.966 -0.0261 1 15 7.52 0.0151

Athi-Kaputiei 25 11.68 -0.00024 1 23 18.74 0.0002

Machakos 5 -94.57 0.0511 1 3 1.53 0.3046

Amboseli 21 -15810 15.8951 -0.0023 a1 18 13.04 0.0020

-0.00399 b1 18 13.11 0.0020

West Kajiado 18 42.56 -0.01715 1 16 2.39 0.1417

Tarangire 8 156.64 -0.07808 1 5 11.16 0.0205

531 aLinear slope, bQuadratic slope

532

533 Discussion 

534 Wildebeest movements and migratory routes

535 Animal movement depends on individual fitness and is essential for accessing 

536 favoured resources, finding potential mates and escaping deteriorating habitat 

537 conditions [92]. As expected, the GPS collared wildebeest moved more, in virtually 

538 all measured aspects, in Amboseli, the least productive and least anthropogenically 

539 disturbed of the three Kenyan ecosystems, than in the Loita Plains and Athi-Kaputiei. 

540 The productivity of Amboseli grasslands has reduced even further in recent years 
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541 [93,94], apparently forcing wildebeest to move over larger areas in search of food in 

542 the dry season [95]. Wildebeest surprisingly moved less in Athi-Kaputiei than in 

543 either the Amboseli or Loita Plains even though the Loita Plains had the greatest 

544 availability of resources of the three landscapes. This is unexpected even if the 

545 wildebeest decline in the Athi-Kaputiei has reduced intraspecific competition and the 

546 need to move to locate resources. High livestock density likely heightens interspecific 

547 competition with wildebeest for resources and thus could force wildebeest to move 

548 more in Athi-Kaputiei. The reduced wildebeest movements in the Athi-Kaputiei 

549 landscape therefore reflect its high degree of anthropogenic disturbance and 

550 truncation [5], preventing needed further movement [88]. It follows that resource 

551 availability and anthropogenic disturbance determine wildebeest movements. 

552 Consequently, because wildebeest occur primarily outside protected areas, except in 

553 the Serengeti-Mara, controlling the rate and type of anthropogenic change in these 

554 areas is crucial to maintaining the long-term viability of their populations and 

555 migrations.

556

557 Wildebeest population declines 

558 Migratory wildebeest population size and their routes declined in all the five 

559 ecosystems except the Serengeti-Mara. The declines are related to expansion of 

560 agriculture, settlements, fences and roads that progressively occlude wildebeest 

561 grazing resources and migratory routes (Table 2). Even though it was not possible to 

562 formally test if these processes caused the declines, literature review, interviews and 

563 collared wildebeest movements, suggest that they are all important. In all the four 

564 ecosystems where they are declining, agricultural encroachment excludes wildebeest 

565 from part of their seasonal ranges. Notably, irrigated agriculture encroached the 
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566 swamps that ring the base of Mt. Kilimanjaro, denying wildebeest access to their 

567 critical dry season dispersal areas in Amboseli [24,25,96]. Settlements also interfere 

568 with wildebeest movements in the Mara [31,34,52], Tarangire-Manyara [15,18]  and 

569 Athi-Kaputiei [4,5,35] by blocking their migratory routes and access to resources. 

570 Further, although wildebeest avoid anthropogenic disturbances [97], they are attracted 

571 to short grass created by livestock grazing outside protected areas on pastoral lands 

572 with moderate densities of pastoral settlement and livestock [21,98].

573

574 Land fragmentation through fencing, roads and settlements primarily exclude 

575 wildebeest from their grazing ranges in the Athi-Kaputiei ecosystem [5] (Table 2). In 

576 Kitengela, a major part of the Athi-Kaputiei Plains adjoining Nairobi National Park, 

577 fenced land parcels have spread throughout the range of wildlife and movements of 

578 people, livestock, dogs and vehicles harass wildlife [4,5,35]. Fences impede 

579 wildebeest movements between the Nairobi Park and the Athi-Kaputiei Plains 

580 [4,5,35]. Similarly, the Nairobi-Namanga road has effectively truncated the 

581 ecosystem, splitting the Athi-Kaputiei population into two separate sub-populations 

582 [89]. The Athi-Kaputiei landscape is also fragmented and degraded by large, un-

583 rehabilitated mines, mining waste, unregulated development, commercial charcoal 

584 burning and sand harvesting, all of which restrict wildebeest habitats and obstruct 

585 their migratory routes. Invasive weeds are also spreading in the rangelands and at 

586 abandoned settlement sites in Athi-Kaputiei, degrading wildebeest habitats 

587 [5,35,51,99]. Fences [100,101] are also increasing rapidly in the Mara, including in 

588 the Loita Plains, following land subdivision and privatization of land ownership. 

589
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590 The loss of connectivity restricts the mobility and flexibility of migratory wildebeest, 

591 especially during droughts when heavy mortality can result where wildebeest access 

592 to water and food is blocked [102-104] . The risk of outbreaks of zoonotic diseases 

593 and population declines can also increase if ungulate migrations are curtailed by 

594 degraded habitats yet climate change increases the frequency and severity of droughts 

595 [105]. Climate change may amplify the frequency of outbreaks of zoonotic diseases 

596 by modifying host and vector population characteristics that control pathogen 

597 transmission, including concentration in key resource areas, population density, 

598 prevalence of infection by zoonotic pathogens, and the pathogen load in individual 

599 hosts and vectors [106,107]. Also, calving wildebeest transmit bovine malignant 

600 catarrhal fever (BMCF) virus to livestock where the two species co-occur, causing 

601 livestock losses [20]. The risk of transmitting the BMCF virus is elevated where 

602 habitat loss and degradation force livestock and wildebeest to use the same areas.

603

604 Another leading cause of wildebeest decline is poaching, which removes 6-10% of the 

605 Serengeti-Mara wildebeest annually [108,109]. Poaching is also common in the other 

606 ecosystems, including the Mara [34] and Athi-Kaputiei [35]. The status and threats 

607 facing the five ecosystems with migratory wildebeest populations in East Africa are 

608 summarized in Table S2.

609

610 Table 2. Summary of the processes likely associated with the declining migratory 

611 wildebeest populations and patterns in the East African rangelands.

Processes ‡Serengeti-

Mara

Masai 

Mara

Athi-

Kaputiei

Greater 

Amboseli

Tarangire-

Manyara
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Direct interferences/causes

Agricultural encroachment - +++ + +++ +++

Fencing - ++ +++ ++ -

Settlements + ++ +++ ++ ++

Urbanization - + +++ - -

Roads & Infrastructural developments + ++ +++ + ++

Poaching by increasing human populations ++ + ++ + ++

Competition with livestock for forage, 

water and space

+ +++ +++ +++ +++

Declining drinking water supply and 

quality

+ ++ +++ ++ +

Drivers

Human population increase + ++ +++ ++ +++

Land tenure change + ++ +++ +++ +

Land subdivision - +++ +++ ++ ++

Settlement policies ++ +++ +++

Wildlife conservation and management 

policies

+++ +++ +++ +++ +++

Wildlife management institutions - +++ +++ ++ ++

Wildlife markets or benefits to landowners - +++ +++ +++ +

612 ‡+++ High importance; ++ Important; + less importance; - not important. Source: Interviews with 

613 resident researchers [4,5,15,18,111].

614

615 Additional factors that adversely affect access of migratory wildebeest to critical 

616 habitats, food and water include human population expansion, land subdivision and 

617 privatization of land tenure, development of urban centres and intensification of land 

618 use following sedentarization of formerly semi-nomadic pastoralists [4,26,31,33-35]. 

619

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted February 11, 2019. ; https://doi.org/10.1101/546747doi: bioRxiv preprint 

https://doi.org/10.1101/546747
http://creativecommons.org/licenses/by/4.0/


28

620  Why is the Serengeti-Mara wildebeest population stable while the other populations 

621 are declining? Moreover, given that the Serengeti-Mara ecosystem protects nearly 1.5 

622 million wildebeest, why should we worry about conserving the other smaller 

623 wildebeest populations? First, the Serengeti-Mara populations are not declining 

624 because over 80% of the wildebeest live in the large and relatively well-protected 

625 ecosystem. Second, it is important to conserve the smaller populations in other areas 

626 for at least three reasons. a) Some of the other areas support populations of wildebeest 

627 belonging to a different subspecies from that found in Serengeti-Mara. b) Migratory 

628 wildebeest provide important ecosystem services, even at low densities, such as 

629 promoting calf survival among other ungulate species by reducing predation pressure 

630 when present in an area [112]. c) Wildebeest migrations are a magnificent spectacle 

631 and thus can provide significant tourism revenue opportunities in specific areas.

632

633 Land-use change and poaching as causes of wildebeest population declines

634 Land use change, particularly expansion of agriculture, settlements and fences and 

635 commercial charcoal production linked to human population growth degrade and 

636 reduce wildlife habitats [5,26]. In the Athi-Kaputiei ecosystem, expansion of the 

637 neighbouring Nairobi Metropolis, urbanization in the ecosystem plus relatively lower 

638 land prices compared with Nairobi, strongly drive land use change [114]. 

639 Development of new industries, businesses and infrastructure attract more people 

640 from Nairobi and elsewhere to the Athi-Kaputiei [4,83]. In Amboseli and Western 

641 Kajiado, commercial charcoal production is causing widespread deforestation of 

642 wildlife habitats [115].

643
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644 Agriculture, particularly large-scale commercial cultivation, is a leading cause of 

645 habitat loss for the migratory wildebeest. Previously, mainly outsiders practiced 

646 cropped agriculture in the study ecosystems, but the Masai have recently started 

647 cultivating next to their settlements [116,117]. Widespread adoption of subsistence 

648 agriculture in small plots right around a household’s compound can threaten 

649 wildebeest populations migrating outside protected areas [118]. Remarkably, nearly 

650 500 km2 of natural vegetation in the Loita Plains were converted to wheat farms and 

651 other uses between 1975 and 1995 [67] and even more has been converted in recent 

652 years [119,120]. In Tanzania, people moved into, and cultivated for several years, 

653 parts of Game Controlled Areas or Open Areas, such as the LGCA, which had 

654 functioned much like game reserves in the past, interfering with wildlife migrations.

655

656 In the Tarangire-Manyara ecosystem, about 710 km2 of land was converted from 

657 rangelands to farms between 1984 and 2000 [15], cutting-off large portions of forage 

658 and dispersal areas and blocking routes traditionally used by migratory wildebeest. 

659 Villagization promoted by government settlement policies in Tanzania is another key 

660 driver of land conversion to agriculture in the Tarangire-Manyara ecosystem [15] and 

661 western Serengeti [14].

662

663 Wildebeest prefer land suitable for agriculture [121] and therefore face a high risk of 

664 displacement by agriculture and competition with livestock for space, forage and 

665 water in pastoral lands. Such high potential lands tend to generate higher economic 

666 returns from cropping than from livestock or conservation [114,119]. Land users are 

667 thus likely to opt for cultivation rather than conservation thereby accentuating 
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668 encroachment of agriculture and wildebeest population declines. But once land is 

669 cultivated, it is difficult to restore to its former rangeland status where returns from 

670 agriculture overwhelm those from either livestock or wildlife [119]. Even where 

671 wildlife tourism benefits are competitive with those from agriculture, the benefits 

672 often accrue to the rich so that the poor land owners, who bear the burden of 

673 supporting wildlife on their lands, typically receive meagre benefits [122]. This calls 

674 for schemes for more equitable sharing of wildlife benefits [116].

675

676 Land tenure change from group ranches to private ownership is another important 

677 driver of land use change in Masailand in Kenya [116]. The land sub-divisions and 

678 individualization of tenure associated with fencing in Masai Mara, Athi-Kaputiei and 

679 Amboseli ecosystems amplify habitat fragmentation and interfere with the migratory 

680 wildebeest [4,5,123]. 

681

682 Poaching is associated with increasing human population size and resource use 

683 intensity [108-110]. On commercial wheat farms in the Mara, poaching is very 

684 common (R. Lamprey, pers comm), especially far from pastoral settlements, because 

685 pastoralists often discourage poaching. Poaching is also common inside the protected 

686 areas in the Mara and Serengeti [34,109,110]. In the Athi-Kaputiei, poachers killed 

687 many wildebeest by running them up against fences [35].

688 Ways to make land use compatible with wildlife conservation

689 Human population explosion, unplanned urbanization, settlements, cultivation and 

690 other developments pose unprecedented challenges to conservation and maintenance 

691 of migrations as the spaces available for wildlife and their habitats shrink, leading to 
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692 population declines. It is thus important to conserve spatially extensive migratory 

693 systems while balancing human and wildlife needs. In Kenya, wildlife conservancies 

694 are expanding conservation areas for wildlife beyond the state-owned parks and 

695 reserves onto land owned privately by local communities or individuals who benefit 

696 by receiving land rents and job opportunities [34,113]. 

697

698 It is primarily tourism income that pays for conservancy land leases and management 

699 in Kenya. Thus, the success of the common conservancy model in Kenya is 

700 contingent upon sustainable wildlife tourism making it worthwhile for landowners to 

701 allow conservancies to be set up on their lands. This conservancy model can thus only 

702 be viable in areas with low tourism potential if tourism revenue is supplemented with 

703 other revenue streams.

704

705 Nevertheless, wildebeest can and do benefit from community-based wildlife 

706 conservation endeavours where wildlife conservancies have been established on 

707 private and communal rangelands, including in areas of high rainfall [14,25,124,125]. 

708 By 2015, 178 wildlife or mixed livestock-wildlife conservancies had been established 

709 across Kenya [51] and new ones continue to be established on private and communal 

710 lands in Masai Mara, Amboseli, Athi-Kaputiei and Machakos (Tables S3 and S4), 

711 Naivasha-Nakuru and other parts of Kenya [26,34,77,125,126]. The total area of 

712 wildlife conservancies and ranches in Kenya’s rangeland counties by 2017 was 

713 54,265 km2 of which Narok, Kajiado and Machakos counties that support wildebeest 

714 populations had set aside 2,219, 2,837 and 463 km2, respectively (KWCA, 

715 Unpublished data, https://kwcakenya.com/). 
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716 What makes the conservancies so popular with local communities is that they also 

717 protect land rights; create jobs; provide income to communities through tourism; and 

718 provide increased security for people, livestock and wildlife [51]. Conservancies are 

719 crucial for wildlife conservation because all state protected areas cover only about 

720 10% of Kenya’s land surface (an additional 10.7% is in conservancies, benefiting 

721 close to 700,000 people nationally) and 70% of these areas are found in the 

722 rangelands of Kenya. Moreover, about 65% of Kenya’s wildlife are found outside the 

723 protected areas [127]. As limited public land constrains expansion of public protected 

724 areas, the private and communal conservancies are crucial for expanding the space for 

725 wildlife in Kenya. The conservancies are promoting positive attitudes towards 

726 wildlife and restoration of degraded rangelands by regulating livestock grazing, 

727 restricting settlements and other developments. They act as buffers for parks and 

728 reserves, besides offering increased protection to wildlife, enabling many wildlife 

729 species to increase within conservancies [77,126,128]. 

730

731 Effective wildlife conservation would require permanent conservancies, land 

732 purchases or conservation easements on land used by wildlife. In the Kenya wildlife 

733 conservancies, landowners typically amalgamate adjacent individual plots to create 

734 large, viable game viewing areas. They then broker land lease agreements with a 

735 coalition of commercial tourism operators under institutional arrangements modelled 

736 in the form of payments for ecosystem services [125]. There is a strong interest in this 

737 wildlife conservancy model in Kenya. Thus, starting with only two conservancies in 

738 2005-2006 covering 145.76 km2, there were eight conservancies covering about 1000 

739 km2 by 2010 [125] and 10 conservancies by 2016 (Table S3). The Mara conservancies 

740 covered 1355 km2 by 2018 and are expanding rapidly. The development of the Mara 
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741 conservancies has helped partially unblock the movements of migratory wildebeest 

742 between the Mara Reserve and the Loita Plains. 

743

744 In certain areas, such as the Athi-Kaputiei, land owners are paid conservation land 

745 lease fees since 2000 to keep land open for use by wildlife and livestock, not building 

746 fences and for collecting poachers' snares [35,129-131]. The cost of financing such 

747 land leases over large areas year after year would, however, require creating 

748 conservancies able to maintain viable conservation enterprises, such as a vibrant 

749 tourism industry, to ensure their long-term sustainability. The benefits derived from 

750 such enterprises would be an important incentive for the landowners to continue 

751 keeping their land open for use by wildlife and desisting from other uses incongruent 

752 with conservation. The changes taking place in Athi-Kaputiei are, however, so 

753 dramatic and fast that unless these conservation efforts are undertaken immediately, 

754 the opportunity to save even the very few remaining and most critical portions of this 

755 once magnificent ecosystem, is highly likely to be lost for good. 

756

757 In Tanzania, various conservation initiatives have been launched to protect the 

758 remaining migratory routes and dispersal ranges beyond the borders of protected 

759 areas. These include reducing illegal hunting and livestock grazing in Manyara 

760 Ranch, recently converted to a private Conservancy. Provision of artificial water holes 

761 in the Manyara Ranch Conservancy keeps migratory wildebeest and zebra in the 

762 vicinity of the Conservancy until late in the dry season. On the communal grazing 

763 lands, initiatives have been launched to enhance the wildlife benefits going to the 

764 local communities. In Simanjiro Plains, hunting companies, tour operators and 
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765 conservation organizations have teamed up together to pay for conservation land lease 

766 fees to community members to refrain from farming or expanding settlements into 

767 critical areas of communal grazing lands [132]. Certificate of Customary Right of 

768 Occupancy (CCRO) agreements are also being used to protect grazing ranges for 

769 wildlife and pastoral livestock, including in areas neighbouring migratory corridors. 

770 One such CCRO was established in Selela Village situated north of Manyara and 

771 includes an important but narrow corridor [133]. Other initiatives include 

772 establishment of Wildlife Management Areas (WMAs) two of which were recently 

773 established to the north and west of Tarangire National Park [18]. The WMAs not 

774 only protect communal land but also reduce the incentive for poaching by distributing 

775 tourism revenue to the local communities. The Tarangire National Park and the 

776 Tanzania Wildlife Authority are also supporting community game rangers to intensify 

777 anti-poaching patrols in the WMAs and Manyara Ranch Conservancy and among 

778 villages in the Simanjiro Plains.

779

780 Wildlife conservation initiatives and gaps in wildlife policies, institutions and 

781 markets in Kenya and Tanzania

782 What else can be done to stop the declines and allow migratory wildebeest access to 

783 at least the few remaining critical portions of their former habitats? A significant 

784 challenge to wildlife conservation in East Africa remains incoherent government 

785 development policies that promote incompatible land uses, such as promoting 

786 cultivation in pastoral rangelands occupied by wildlife to combat food insecurity 

787 while also promoting wildlife-based tourism in the same areas. Such policies should 

788 be harmonised to minimize the adverse impacts on wildlife conservation of 

789 incongruent land uses in pastoral rangelands. Another weakness of the wildlife policy 
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790 in Kenya is that the state owns all wildlife whereas land owners in the rangelands do 

791 not have access to or user rights over wildlife. The land owners do not get any 

792 compensation for the opportunity cost of supporting wildlife on their private lands nor 

793 for wildlife damage to their private property, thus fuelling indifference or hostility 

794 towards wildlife. There is also no public institution specifically charged with 

795 conserving and managing wildlife on the private lands. Although these shortcomings 

796 are well documented [114,134] and have partly been addressed by the Wildlife 

797 Conservation and Management Act 2013 [135] and the National Wildlife Strategy 

798 [136], the Act should be fully implemented to address these glaring policy, 

799 institutional and market deficiencies. 

800

801 In Tanzania, several national initiatives are being undertaken to restructure the 

802 institutions that manage the wildlife sector in order to contain a spiralling poaching 

803 crisis. Key among these is the dissolution of the former Wildlife Division (WD) that 

804 used to manage all the Game Reserves and Game Controlled Areas, including 

805 overseeing all wildlife in village lands (i.e., WMAs), and its reconstitution as the 

806 Tanzania Wildlife Authority (TAWA) in October 2015. TAWA is empowered and 

807 better funded compared with its predecessor, the WD, to improve the management of 

808 the wildlife areas under its jurisdiction.

809 The second is the re-organization of the entire wildlife sector in the country into para-

810 military style organizations to intensify the fight against run-away poaching in 

811 protected and unprotected areas, most especially in game reserves. Because many game 

812 reserves and game controlled areas share open borders with national parks, wildlife 

813 population declines due to poaching are occurring even inside the national parks. But, 

814 to be successful in curbing poaching, these efforts should be accompanied with 
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815 enhanced economic incentives to communities neighbouring wildlife areas or sharing 

816 land with wildlife to discourage poaching and destruction of wildlife habitats. Tanzania 

817 is also working on expanding the Serengeti National Park by adding to it about 1500 

818 km2 from the Loliondo Game Controlled Area to the east and extending the western 

819 side of the park to reach the shores of Lake Victoria.

820

821 A major initiative in both Tanzania and Kenya is the development of national policies 

822 on wildlife corridors, dispersal areas, buffer zones and migratory routes to promote 

823 habitat connectivity [137,138]. Regional initiatives linking the two countries are, 

824 however, needed to foster close cooperation between Kenya and Tanzania in 

825 conserving the trans-boundary wildebeest migrations and implementing regional and 

826 international conservation conventions and treaties. Such initiatives should include 

827 harmonization of policies, legal and regulatory frameworks for the conservation of 

828 wildlife and other species involved in trans-boundary migrations. 

829

830 Conclusions

831 Migratory wildebeest populations in four out of five key ecosystems in East Africa 

832 are under severe threats and two populations are on their way to total collapse if the 

833 trends are left to continue unabated. Such collapse in migratory wildlife population in 

834 East Africa has been documented for zebra and Thomson’s gazelle populations that 

835 used to migrate between Lakes Nakuru and Elementaita and Baringo regions of 

836 Kenya [76,77,139] that went extinct because of fences and uncontrolled shooting [85]. 

837 The migration of the Athi-Kaputiei wildebeest to Nairobi National Park had also 

838 virtually collapsed by 2011 [35]. Recent surveys in the park show that the wildebeest 
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839 involved in this migration remained under 350 animals from 2012 to 2015 [5]. 

840 Agricultural encroachment, settlements, poaching, roads and fencing are the major 

841 proximate threats responsible for the extreme wildebeest losses and degradation of 

842 their habitats as they directly kill, displace, or reduce wildebeest access to forage, 

843 water and calving areas. The fundamental causes of wildebeest population declines 

844 seem to be expanding unplanned land use developments driven by human population 

845 growth; poaching, policy, institutional and market deficiencies. Consequently, the 

846 Kenyan and Tanzanian governments need to strongly promote and lead the 

847 conservation of the remaining key wildebeest habitats, migration corridors and 

848 populations to ensure their continued access to grazing resources in these rangelands. 

849 More wildlife conservancies or management areas should be established to protect 

850 migratory routes or corridors, buffer zones, dispersal areas and calving grounds for 

851 the species. Land use and development planning should be enhanced and gaps in 

852 wildlife policies, institutions and markets addressed. Where migration occurs across 

853 international boundaries, such as in the Serengeti-Mara, Loita Plains and Amboseli 

854 ecosystems, wildlife policies, land use plans, conservation and management goals 

855 should be harmonized to ensure the long-term survival of migratory species and the 

856 sustainability of the rangelands upon which they depend. All areas currently under 

857 protection should ideally have binding legal restrictions on future developments to 

858 minimize their vulnerability to future changes. The various conservation initiatives 

859 should be coordinated spatially and across bureaucratic lines to enhance their 

860 effectiveness.

861
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1577 Figure legends

1578 Fig 1. Wildebeest migration in the greater Serengeti-Mara ecosystem in East 

1579 Africa. (Photo credit: ARE Sinclair).

1580

1581 Fig 2. Map showing the general extent of Masailand in Kenya and Tanzania and 

1582 the five study ecosystems with eight populations: 1 = Serengeti Ecosystem, 2 = 

1583 Masai Mara Ecosystem, 3 = Narok County, 4 = Athi-Kaputiei Ecosystem, 5 = 

1584 Machakos County, 6 = Greater Amboseli Ecosystem, 7 = West Kajiado and 8 = 

1585 Tarangire-Manyara Ecosystem populations. Notes: NCA = Ngorongoro Conservation 

1586 Area, MGR = Maswa Game Reserve, SNP =Serengeti National Park, IGR = Ikorongo 

1587 Game Reserve, GGR = Grumeti Game Reserve, MMNR = Masai Mara National 

1588 Reserve, NNP = Nairobi National Park, ANP = Amboseli National Park, LMNP = 

1589 Lake Manyara National Park, LGCA = Lokisale Game Controlled Area, TNP = 

1590 Tarangire National Park and MGR* = Mkungunero Game Reserve. Use of each 

1591 seasonal area by the study populations is described in the text.
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1592 Fig 3. Map showing the general area occupied by the (a) Greater Serengeti-

1593 Mara, b) Athi-Kaputiei, (c) Greater Amboseli and (d) Tarangire-Manyara 

1594 ecosystems. For each ecosystem, the status of routes of migratory wildebeest post-

1595 2000 in relation to the distribution of agriculture and fences is highlighted. The 

1596 current wildlife conservancies (and wildlife-livestock ranches) are provided for the 

1597 Masai Mara, Athi-Kaputiei and Greater Amboseli ecosystems of Kenya. Also shown 

1598 are extreme land fragmentation through fences in Athi-Kaputiei and recent emergence 

1599 of fences along the eastern and south eastern borders of the Mara Conservancies.

1600

1601 Fig 4. Movement tracks of GPS collared wildebeest during 2010-2013 (colored 

1602 lines) in Kenya (A = Loita Plains in Masai Mara Ecosystem, B = Athi-Kaputiei 

1603 Ecosystem, C = Greater Amboseli Ecosystem). Protected areas (1 = Masai Mara 

1604 National Reserve, 2 = Serengeti National Park in Tanzania, 3 = Nairobi National 

1605 Park, 4 Amboseli National Park) are partially obscured.

1606

1607 Fig 5. Trends in population size of migratory wildebeest populations in a) 

1608 Serengeti-Mara ecosystem, b) Masai Mara ecosystem, c) Narok County in which 

1609 Masai Mara is located, d) Athi-Kaputiei ecosystem, e) Machakos County, f) 

1610 Greater Amboseli ecosystem, g) West Kajiado and h) Tarangire-Manyara 

1611 ecosystem.

1612

1613 Supporting information 

1614 Table S1. The field data form used to collect information for ground truthing 

1615 historical information on land use and cover changes in the Tarangire-Manyara 

1616 ecosystem of Tanzania. We uploaded the coordinates and their Ids into a Global 
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1617 Positioning System (GPS) and used them to locate sampling points. We collected 

1618 information on the following attributes for each sampling point. (1) Was there 

1619 agriculture at the location in 1984, 2000 or 2006-2007? (2) If yes, was agriculture 

1620 practiced on small or large scale? (3) Was agriculture irrigated or not? (4) When did 

1621 agriculture start? (5) Photographs of the sampling point. (6) Crop types cultivated at 

1622 each sampling location. (7) We empirically assessed the change type we had 

1623 identified during initial image interpretation in the office and assigned change codes 

1624 A, B, C or D described in the table to the observed changes. (8) General comments.

1625

1626 Supporting information

1627  Table S1.

1628 Table S2. The five ecosystems with migratory wildebeest populations in East 

1629 Africa, their current status and earlier studies.

1630

1631 Table S3. Wildlife conservancies in Masai Mara, their names, size, number of 

1632 landowners that pooled land to form the conservancy, tourist camps, tourist 

1633 beds, rangers and scouts and jobs created by each conservancy and year of 

1634 establishment.  

1635

1636 Table S4. Wildlife conservancies or ranches, their names and sizes in Machakos 

1637 Plains (adjoining the Athi-Kaputiei), Athi-Kaputiei and Greater Amboseli 

1638 ecosystem. The total area covered in each ecosystem is 347.0, 40.6 and 1046.5 km2 in 

1639 the Machakos Plains, Athi-Kaputiei and Greater Amboseli ecosystems, respectively.
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1641 S1 Data. The estimated population size and standard errors and other details of 

1642 the aerial surveys of wildebeest for the Serengeti-Mara (1957-2012) and 

1643 Tarangire-Manyara (1987-2016) ecosystems.

1644

1645 S2 Data. The estimated population size and standard errors and other details of 

1646 the aerial surveys of wildebeest for the Masai Mara Ecosystem (1977-2016) 

1647 ecosystems.

1648

1649 S3 Data. The estimated population size and standard errors and other details of 

1650 the aerial surveys of wildebeest for the Athi-Kaputiei Ecosystem (1977-2014).

1651

1652 S4 Data. The estimated population size and standard errors and other details of 

1653 the aerial surveys of wildebeest for the Machakos County (1977-2015).

1654

1655 S5 Data. The estimated population size and standard errors and other details of 

1656 the aerial surveys of wildebeest for the Greater Amboseli (1977-2014) and 

1657 Western Kajiado (1977-2014) ecosystems.
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