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24 Abstract

25 Livestock keepers in sub-Saharan Africa face a growing range of pressures, including climate 

26 change, land loss, restrictive policies, and population increase. Widespread adaptation in 

27 response to such pressures can lead to the emergence of new, non-traditional typologies of 

28 livestock production.

29 We sought to characterise livestock production systems in northern Tanzania, a region 

30 undergoing rapid social, economic, and environmental change. Questionnaire and spatial data 

31 were collected from 404 livestock-keeping households in 21 villages in Arusha and Manyara 

32 Regions in 2016. Multiple factor analysis and hierarchical cluster analysis were used to classify 

33 households into livestock production systems based on household-level characteristics. 

34 Indicators of vulnerability, including household-level reports of hunger, illness, livestock loss, 

35 land loss and crop losses were compared between production systems.  
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36 Three distinct clusters emerged through this process. The ethnic, environmental and livestock 

37 management characteristics of households in each cluster broadly mapped onto traditional 

38 definitions of ‘pastoral’, ‘agro-pastoral’ and ‘smallholder’ livestock production in the region, 

39 suggesting that this quantitative classification system is complementary to more qualitative 

40 classification methods. Our findings also suggest that traditional systems of livestock 

41 production continue to persist in northern Tanzania. Nonetheless, we found indicators of 

42 substantial change within livestock production systems, most notably the adoption of crop 

43 agriculture in the majority of pastoral households. Smallholder households were less likely than 

44 either pastoral or agro-pastoral households to report hunger, illness, and livestock, land or crop 

45 losses.

46 Livelihoods that rely solely on livestock are relatively rare in northern Tanzania, which 

47 represents an important shift in production in the region, particularly among pastoralists. Policy 

48 initiatives to improve household and community well-being should recognise the continuing 

49 distinctiveness of traditional livestock production systems in the region. 

50

51 Introduction

52 Livestock play a key role in the livelihoods of many households in low-income countries. In 

53 Tanzania, 50% of all households keep livestock, with the sale of products derived from animals 

54 constituting an average of 15% of the annual income of rural livestock-keeping households [1]. 

55 Livestock in these settings also make important, but often under-recognised, contributions to 

56 livelihoods, for example as a basis for informal household insurance and financing, soil fertility, 

57 and labour saving, as well as to household nutrition through the production of animal source 

58 foods [2]. Indeed, livestock provide the social, cultural, and economic backbone to many rural 

59 economies in low-income settings, particularly those in marginal, semi-arid and arid 

60 environments. Here, the mobility of cattle, sheep, goats, and/or camels allows livestock keepers 

61 to utilise grazing and browsing on common land over a potentially wide geographic area [3], 

62 optimising production and reducing vulnerability to the effects of local rainfall deficits [4]. In 

63 these environments, livestock can also provide the security to pursue potentially riskier 

64 activities that rely on local rainfall, such as crop agriculture [4]. Supporting livestock production 

65 among the rural poor can provide an important route toward sustainable development, 

66 equitable livelihoods, and household health and welfare [5]. 

67 Livestock-based livelihoods are under growing pressure in many low-income countries from a 

68 range of sources [6]. These include the effects of climate change which, in East Africa, are 

69 expected to include increasing variability in precipitation [7-9]. Such effects are already 

70 becoming apparent in the region. In grassland areas of northern Tanzania, for example, the 

71 growing season during the ‘long rain’ period has declined from an average of 100 days in 1960 

72 to 63 days in 2010 [10]. Droughts in East Africa are also becoming more frequent and severe. 
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73 In 2009, during one of the most severe droughts in living memory, up to 90% of livestock in 

74 some areas of northern Tanzania died [11]. Changing systems of land tenure, including the 

75 conversion of previously communal land to private ownership or wildlife conservation, further 

76 contribute to reduced availability of grazing land [12-16]. Livestock keepers in East Africa are 

77 therefore having to adapt to rapidly changing circumstances. Examples of adaptation include 

78 the adoption of non-traditional livestock species [17,18], new ways of rearing livestock [19], and 

79 the diversification of livelihood profiles in semi-arid areas away from livestock-focused 

80 production (i.e. pastoralism) toward mixed livestock and crop agriculture [20,21]. The extent of 

81 these changes and their implications for the characteristics and distribution of ‘traditional’ 

82 systems of livestock production in countries undergoing rapid social, economic, and 

83 environmental change warrants continued examination. 

84 In northern Tanzania, three traditional typologies of livestock production (or livestock production 

85 systems) have existed for several centuries [22,23]. These systems of production can broadly 

86 be described as ‘pastoral’, ‘smallholder’, and ‘agro-pastoral’. While there has been substantial 

87 geographic and social overlap between systems, and their boundaries often hard to define [22], 

88 each has traditionally been linked to particular environmental conditions and ethnic groups. 

89 Pastoral systems have been found in the semi-arid, rangeland areas of northern Tanzania and 

90 historically dominated by Maasai ethnicities, with less populous groups such as the Barabaig 

91 also present. This production system has traditionally relied primarily (but not exclusively [22]) 

92 on livestock production, utilising long distance movements in response to variable rainfall 

93 patterns in an agriculturally marginal environment as a dominant risk-management strategy. 

94 Complex social organisation and systems of mutual support in response to the wide range of 

95 potential hazards that are present in these environments (including frequent droughts and 

96 livestock disease) have long been a feature of these communities [22]. Smallholder farming 

97 systems, by contrast, have traditionally been found on the high soil fertility slopes of Mount 

98 Kilimanjaro, Mount Meru and the Pare mountains. Here, members of ethnicities such as the 

99 Chagga, Meru, and Pare have reared typically small numbers of livestock that are integrated 

100 closely with intensive cash and subsistence crop production [23-25]. Agro-pastoral systems in 

101 northern Tanzania have also traditionally involved mixed crop and livestock agriculture but have 

102 typically been found in more marginal areas. While crop production has generally made the 

103 largest overall contribution to household livelihoods [26], large herd sizes with varying levels of 

104 mobility have allowed agro-pastoral farmers to also maximise the productivity of available 

105 grassland areas [4,27]. Agro-pastoral production in the region has historically been practiced 

106 by groups such as the Arusha and Iraqw, with the former having maintained particularly close 

107 social, cultural, and economic relationships with pastoral communities [23,28]. 

108 In light of livestock keeper adaptation to changing conditions in northern Tanzania, it is 

109 uncertain the extent to which these three broad typologies still characterise livestock production 

110 systems in the region. An evaluation of current characteristics of livestock production, and the 

111 classification of the production systems that exist in northern Tanzania, can contribute to the 
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112 design of system-specific programmes that can support a range of livestock-based livelihoods 

113 [6,29]. It can also provide the basis for monitoring further change in these systems [6,29,30] 

114 and for identifying vulnerabilities to current and future hazards.

115 Myriad new livestock production typologies could emerge from demographic, technological, 

116 and environmental change. For example, a relatively small number of livestock keepers in 

117 Tanzania have adopted exclusively commercial production to meet growing demand for 

118 livestock products, particularly among urban populations. This has included beef ranching and 

119 the establishment of zero-grazing dairy units with European breeds of cattle [1]. The 

120 commercialisation and intensification of livestock production is strongly promoted by the 

121 Government of Tanzania [31]. Non-traditional, intensive production systems that have a greater 

122 focus on narrowly defined production objectives rather than subsistence or the socio-cultural 

123 utility of livestock are therefore likely to continue to emerge.  

124 In addition, new technologies such as mobile telephones [32], new strategies and tools for 

125 household health management [33], and changes in land tenure and land availability [34] may 

126 lead to more subtle changes within traditionally defined production systems. While such 

127 adaptive change may increase overall diversity within a particular geographic area, it could also 

128 lead to further blurring of the boundaries between production systems. For example, the 

129 adoption of crop agriculture by Maasai pastoralists has been reported as a response to 

130 changing land tenure practices in northern Tanzania [20,21]. Widespread adoption and 

131 subsequent change within this traditional pastoral system could therefore conceivably lead to 

132 it becoming broadly indistinguishable (in terms of production) from neighbouring agro-pastoral 

133 systems.

134 Here, we use data generated from a cross-sectional survey of livestock-keeping households in 

135 northern Tanzania to classify and characterise livestock production systems at the household 

136 level in the region. Our main aim is to determine whether the three traditional typologies of 

137 livestock production (i.e., pastoral, agro-pastoral, smallholder) persist in northern Tanzania, and 

138 whether new systems of production can also be identified in the data. We explore variation in 

139 livestock production typologies in northern Tanzania across various dimensions, including 

140 ethnic and administrative boundaries. We use this analysis to consider how livestock production 

141 has changed in the region, how it may continue to change, and the implications of this change 

142 on the resilience of livestock keeping communities in northern Tanzania. 

143 Methods

144 Study area

145 This work was conducted as part of the ‘Social, Environmental and Economic Drivers of 

146 Zoonotic disease’ (SEEDZ) project, a large cross-sectional study focused on human and animal 

147 zoonotic disease risk in six contiguous districts in Arusha Region (Arusha, Karatu, Longido, 

148 Meru, Monduli, and Ngorongoro Districts) and four contiguous districts in neighbouring 
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149 Manyara Region (Babati Rural, Babati Urban, Mbulu, and Simanjiro Districts). Arusha and 

150 Manyara Regions are home to approximately 16% of all cattle and 26% of all sheep and goats 

151 in Tanzania [35,36]. The total human population is 3,119,441 in an area of 66,461 km2. The 

152 study area is made up of a mixture of semi-arid and sub-tropical agro-ecological zones [29].

153 Village selection

154 Households were the unit of interest, with a multistage sampling design used to select them 

155 from within villages. Villages were selected using a generalised random tessalation stratified 

156 sampling (GRTS) approach, which provides a spatially balanced, probability-based sample 

157 [37]. The GRTS was performed using the spsurvey package [38] in the R statistical 

158 environment, version 3.1.1. (http://cran.r-project.org/). Village selection was made from a list of 

159 villages compiled from the 2012 National Census (Tanzanian National Bureau of Statistics, 

160 NBS). Villages in wards (an administrative unit comprising an average of 10 villages in the study 

161 area) that were classified as ‘urban’ rather than ‘rural’ or ‘mixed’ (i.e., urban and rural) by the 

162 2012 census were excluded from the selection procedure. Villages inside the Ngorongoro 

163 Conservation Area (NCA), a wildlife area in which people and their livestock are permitted to 

164 live but in which crop agriculture is prohibited, were also excluded. With these exclusions, there 

165 were a total of 553 villages from which selection was made. To ensure sampling across a range 

166 of agro-ecological settings, villages in the study area were classified as those in which livestock-

167 rearing (rather than crop agriculture) was considered to be the primary livelihood activity 

168 (‘pastoral’ villages) and those in which a mix of crop and livestock were considered as important 

169 (‘mixed’ villages). Village classification was performed in consultation with district-level 

170 government officials, typically the District Veterinary Officer or District Livestock Officer. Village 

171 selection was then stratified based on agro-ecological classifications, with 11 villages selected 

172 from those defined primarily as ‘pastoral’ and nine villages from those defined as ‘mixed.’ An 

173 additional village in a mixed setting was also selected non-randomly near our field head-

174 quarters on the outskirts of the city of Arusha for field trialling. No substantial changes were 

175 made to data collection tools after trialling, and we therefore include data collected from 

176 households in this village in this analysis.  

177 Figure 1 shows the location of study villages in relation to the main landcover types in northern 

178 Tanzania.

179 Figure 1. Map of study area in northern Tanzania showing location of study villages in relation 

180 to main land classifications in Arusha and Manyara Regions (Map created using QGIS version 

181 2.14.3. Shape files from GADM; landcover raster data from Landsat 

182 (http://glcf.umd.edu/data/landsat/)).

183 Household surveys

184 Study villages comprised between two and four sub-villages from which two or three were 

185 randomly selected for inclusion in the study. Within each sub-village, we adopted a central point 

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

The copyright holder for thisthis version posted February 10, 2020. ; https://doi.org/10.1101/2020.02.10.941617doi: bioRxiv preprint 

https://doi.org/10.1101/2020.02.10.941617
http://creativecommons.org/licenses/by/4.0/


6

186 sampling approach in which livestock keepers were invited to bring their animals to a pre-

187 selected point within the sub-village, typically a livestock crush or dip tank. Data collection took 

188 place alongside sub-village level disease control activities, such as tick or worm control, 

189 conducted in collaboration with representatives from the Tanzanian Ministry of Livestock and 

190 Fisheries. Village authorities were notified of the proposed event at least three days in advance, 

191 with advertisement to livestock keepers in each sub-village made through the existing village 

192 administrative network of chairperson and village elders. During the sampling event, a list of all 

193 attending households was generated, and a maximum of ten households were selected from 

194 this list using a random number generator. During the central point event, we collected blood 

195 samples from animals owned by these households to test for infectious disease exposure, the 

196 results of which have been described elsewhere [39,40]. On a subsequent day, typically within 

197 one week, selected households were revisited. The household head received an in-depth 

198 questionnaire administered in either Kiswahili, Maa, or other local language by trained 

199 interviewers. The questionnaire covered a wide-range of topics, including household 

200 demographics, economics, livestock management practices and livestock health. The 

201 geographic co-ordinates of the household were captured using a handheld GPS (Garmin eTrex, 

202 Garmin Ltd, Olathe, Kansas, USA). Data collection took place between February and 

203 December 2016. 

204 Ethical approval

205 All participants provided written informed consent. The protocols, questionnaire tools and 

206 consent and assent procedures were approved by the ethics review committees of the 

207 Kilimanjaro Christian Medical Centre (KCMC/832) and National Institute of Medical Research 

208 (NIMR/2028) in Tanzania, and in the UK by the ethics review committee of the College of 

209 Medical, Veterinary and Life Sciences at the University of Glasgow (39a/15). Approval for study 

210 activities was also provided by the Tanzanian Commission for Science and Technology 

211 (COSTECH) and by the Tanzanian Ministry of Livestock and Fisheries, as well as by regional, 

212 district, ward and village-level authorities in the study area. 

213 Classification of livestock production systems

214 We used a data-driven approach to classify households into livestock production systems, 

215 which we define here as groups of households sharing the same or similar production 

216 characteristics [41]. Classification followed two stages. First, we performed dimension reduction 

217 using multiple factor analysis (MFA) on a selection of characteristics considered to represent 

218 variation between livestock-keeping households in the study area. Second, hierarchical cluster 

219 analysis (HCA) was performed on the output from the MFA (i.e. on a set of uncorrelated 

220 variables) with households grouped such that the within-group variability in household 

221 characteristics was minimized while between-group variability was maximized. The resulting 

222 clusters of households were interpreted to represent distinct and distinguishable livestock 

223 production system categories present in the study area at the time of the study.
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224 Dimension reduction by Multiple Factor Analysis (MFA)

225 Dimension reduction allows the variability among a set of potentially correlated variables to be 

226 represented in terms of a smaller, more parsimonious set of uncorrelated variables. Multiple 

227 factor analysis provides a dimension reduction approach for a set of variables describing 

228 categorical or continuous data that can be grouped in a meaningful way [42]. Eight groups of 

229 variables representing the characteristics of livestock keeping households in northern Tanzania 

230 were identified for use in the MFA procedure. The variable groupings (or domains) were: 1. 

231 Local household environment; 2. Household demographics; 3. Crop agriculture; 4. Numbers of 

232 cattle, sheep and goats owned; 5. Other livestock owned; 6. Livestock management practices; 

233 7. Household food consumption practices; and 8. Indicators of household vulnerability. The 

234 variables comprising each of these domains are shown in Table 1. The MFA was performed in 

235 R using the FactoMineR package [43]. Data for household characteristics were derived from 

236 the household questionnaire (domains 2 to 8) or from data extracted at the household level 

237 within a geographic information system (QGIS, version 2.14.3) from publicly available 

238 environmental datasets (domain 1). Details on the source of environmental data and the 

239 questions asked at the household level are provided in the Supplementary Materials. Up to a 

240 maximum of 5% missing-ness was present in around 20% of variables. Imputation of missing 

241 values was performed using a regularized iterative MFA algorithm in the missMDA package 

242 [44] in R. Continuous variables (Domains 1 and 4) with obvious right skew were transformed 

243 using a natural logarithm. All continuous variables were scaled to have a mean of zero and a 

244 standard deviation of one before performing the MFA. 

245 Hierarchical cluster analysis (HCA)

246 Households were classified into clusters using HCA on the factors (i.e. the set of uncorrelated 

247 variables) derived from the MFA. To select which factors to include in the HCA, eigenvalues 

248 associated with each factor (describing how much variance is explained) were identified as 

249 ‘large’ or ‘small’ based on the presence of a natural break when consecutive eigenvalues were 

250 plotted on a scree plot [41]. All factors associated with ‘large’ eigenvalues were included in the 

251 clustering procedure. Ward’s minimum variance criteria were used to derive clusters, with no 

252 specification of the number of clusters made a priori. Hierarchical cluster analysis was 

253 performed using the FactoMineR package [43] in R. The average value of each household 

254 characteristic in each of the resulting clusters was compared to the global mean for that 

255 characteristic using the v-test [45]. A v-test value greater than 1.96 provides evidence (i.e. p-

256 value <0.05) for a difference in the mean of the variable in the cluster when compared to the 

257 population mean.

258

259

260

261
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262 Table 1. Domains and contributing variables for the multiple factor analysis to classify livestock-

263 keeping households into production systems in northern Tanzania.

264

Domain Variable Domain Variable
1. Environment1 Average vegetation cover 4. Livestock Number of cattle

Distance to main road (km) Number of goats
Travel time to market centre (hours) Number of sheep
Annual precipitation (mm) 5. Livestock type Own pigs
Average annual temperature (°C) Own donkeys
Maximum slope (degrees) Own chickens
Local cropland cover (%) Own exotic breed cattle
Local grassland cover (%) Own exotic breed small ruminants
Local forest cover (%) 6. Management Cattle transhumance
Local human population density (km2) Small stock transhumance
Area of village (decimal degrees2) Graze cattle with small stock
Local cattle population density (km2) Zero graze cattle
Local sheep population density (km2) Zero graze small stock
Local goat population density (km2) Tether cattle
Local chicken population density (km2) Tether small stock
Local pig population density (km2) Vaccinate against any disease

2. Household Sex of household head Sell milk 
Maasai ethnicity (household head) 7. Consumption Consumed meat in past 3 days 
Arusha ethnicity (household head) Consumed dairy
Meru ethnicity (household head) Consumed blood
Iraqw ethnicity (household head) Consumed vegetables
Barabaig ethnicity (household head) Consumed legumes
Nyaturu ethnicity (household head) Consumed fat
Household head completed primary 
school

Consumed fish

Government title for land Consumed poultry
Has latrine Consumed root vegetables
Treat drinking water (including boiling) Consumed eggs

3. Crops Growing crops > 10 years Consumed any animal source food
Grow no crops 8. Vulnerability Hunger in past 12 months
Grow beans Illness in past 12 months
Grow cowpeas Illness in livestock in past 12 months
Grow maize Crop losses in past 12 months
Grow millet Livestock losses in past 12 months
Grow onions Land losses in past 12 months
Grow potato
Grow sesame
Grow sorghum
Grow sunflower
Grow wheat
Supplies of staple crops last 6 months 
or more 
Own plough 
Sell crops

265
266 1 Detail on spatial datasets used given in the supplementary materials

267

268

269
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270 Results

271 Household survey data were collected from 404 households. The median (range) number of 

272 households interviewed per village was 19 (7, 30). Summary statistics for the household 

273 characteristics in each domain are given in Table 2 and 3.

274 Multiple factor analysis

275 The percent contribution of each domain to explaining variation between households for the 

276 first two factors derived from the MFA is shown in Figure 2. The first factor (i.e. Dimension 1) 

277 explained 14.1% of the total variation, the second factor (Dimension 2) explained 6.3%, with all 

278 remaining factors each explaining less than 5%. The percent contribution to the inertia of the 

279 first factor was highest for Groups 1 (environment), 3 (crops), and 6 (livestock management) 

280 (Figure 2), reflecting the relative importance of these domains in explaining between-household 

281 variation.

282 Figure 2. Percent contribution of each group to the first (dimension 1) and second (dimension 

283 2) factors derived from MFA performed on characteristics of livestock-keeping households in 

284 northern Tanzania. Red (blue) dotted line represents the expected score if all domains 

285 contributed equally to the inertia on the first (second) factor (i.e. 100/8 = 12.5%).

286

287 Figure 3 shows the scores of those variables that made a contribution to the inertia of the first 

288 factor of greater than 1%. The average (median) contribution for included variables was 0.6% 

289 (0.2). The four categorical variables making the greatest overall contribution to the first factor 

290 were Maasai ethnicity of the household head (4.5%), not keeping donkeys (3.8%), engaging in 

291 cattle transhumance (3.4%), and engaging in small ruminant transhumance (3.2%). For the 

292 continuous characteristics, the top four variables were number of goats owned by a household 

293 (3.9%), number of cattle (3.0%), geographic area of village (2.5%), and human population 

294 density (2.5%).  A full breakdown of all variable scores and their contributions to the first and 

295 second factors is given in the Supplementary Materials. 

296

297 Figure 3. Variable scores in relation to the first and second factors derived from MFA performed 

298 on characteristics of livestock keeping households in northern Tanzania. Scores given to 

299 categorical (continuous) variables are shown in red (blue).
300 Categorical (1 indicates presence of described characteristic; 0 indicates absence): CAT = Keep cattle; 
301 CH = Keep chickens; CR = Household grows crops; CRT = Grow crops for > 10 years; DO = Keep 
302 donkeys; ED = Household education to primary school or above; FI = Household consumed fish in past 
303 3 days;  GCSM = Graze cattle with small ruminants; IR = Iraqw ethnicity; LA = Latrine in household; ME 
304 = Meru ethnicity; MA = Maasai ethnicity; MAI = Grow maize; PI = Keep pigs; SMT = Small ruminant 
305 transhumance; VE = Household consumed vegetables in past 3 days; ZGCA = Zero graze cattle; ZGSM 
306 = Zero graze small ruminants. Continuous:  AR = Village area; CD = Cattle density; CHD = Chicken 
307 density; CN = Household cattle number; CR = Local cropland % cover; EV = Enhanced vegetation index; 
308 GD = Goat density; GN = Household goat number; GR = Local grassland % cover; PID = Pig density; 
309 POD = Human population density; RA = Annual precipitation; SD = Sheep density; SN = Household sheep 
310 number  
311
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312 Some clustering in scores of the categorical variables derived from the MFA is visually apparent 

313 in Figure 3. This includes the grouping of scores for variables such as Maasai-headed 

314 households, households that do not grow crops, or which have not been growing crops for more 

315 than 10 years, households engaging in cattle and small ruminant transhumance, households 

316 keeping donkeys but not chickens, and households without a latrine or in which the head does 

317 not have primary education clustering around negative values for Factor 1 (i.e. Dimension 1) 

318 and low negative and positive values on Factor 2 (Dimension 2). Scores for variables such as 

319 not engaging in transhumance, owning a latrine, some formal education of the household head, 

320 not owning a donkey, and grazing cattle with small ruminants tended to cluster around positive 

321 values for Factor 1 and low negative and positive values for Factor 2. There was a smaller 

322 cluster of scores for Iraqw-headed and pig-keeping households around positive values on 

323 Factor 1 and negative values on Factor 2, and a cluster of scores for Meru-headed and zero 

324 grazing households around positive values for Factor 1 and 2. 

325 Hierarchical cluster analysis

326 The HCA procedure resulted in three distinct clusters. The overall score on Factor 1 and 2 for 

327 study households and their membership of each cluster is shown in Figure 4. On the basis of 

328 the scree plot, the first five factors were included in the clustering procedure (see 

329 Supplementary Materials). The composition of each cluster in terms of continuous 

330 characteristics is described in Table 2 and in terms of categorical characteristics in Table 3. All 

331 continuous and categorical variables had a v-test score of greater than 1.96. The major 

332 differences in household characteristics between clusters can be summarised as:

333 Cluster 1: Households in this cluster were characterised as being in areas with low average 

334 vegetation cover, having low levels of annual rainfall, low maximum slope (i.e., being relatively 

335 flat), low proportions of crop and forest land cover, and low population densities of both people 

336 and livestock. Cluster 1 households tended to be far from a main road and to have high average 

337 travel time to a market centre. Annual temperature, village area, and proportion of local 

338 grassland cover tended to be higher than for households in other clusters. Households in this 

339 cluster had the largest average herd sizes for cattle, sheep, and goats, and were typically 

340 headed by individuals with Maasai ethnicity, with 152 (91.6%) of 166 Maasai-headed 

341 households being found in this cluster. Other ethnicities found in this cluster included 12 

342 (14.6%) of all 82 Arusha-headed households, 5 (63%) of the 8 Barabaig-headed households, 

343 and 1 (50%) of 2 Datoga-headed households. The majority of household heads in this cluster 

344 were without formal education beyond primary school and the proportion of households with a 

345 latrine was substantially lower than in the other two clusters. The majority of households 

346 reported growing crops in the past year, although this proportion was lower than in the other 

347 two clusters. Households growing onions were only found in this cluster. A relatively small 

348 proportion of households reported growing millet, sesame, or sunflower. A number of livestock 

349 management practices were commonly reported in this cluster, with households more 

350 commonly reporting transhumance for both cattle and small ruminants and using livestock 
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351 vaccination in the past 12 months than households in the other two clusters. No households in 

352 this cluster reported zero grazing or using tethered grazing for cattle or small ruminants. No 

353 households in this cluster reported keeping pigs, but they commonly kept donkeys. Consuming 

354 meat in the past three days was commonly reported in this cluster. Household-level reports of 

355 illness in livestock and people, and reports of any livestock losses through mortality were also 

356 most common from households in this cluster. These reports were not adjusted for the number 

357 of people in a household or number of animals owned, the latter of which was highest in this 

358 cluster for all livestock species.  

359 Cluster 2: Households in this cluster typically had heads of Arusha and Iraqw ethnicity, 

360 including 67 (81.7%) out of 82 and 85 (90.4%) out of 94 of all households with heads with those 

361 ethnicities, respectively. Other ethnicities making up this cluster included 9 (5.4%) of the 166 

362 Maasai-headed households, 3 (38%) out of 8 Barabaig-headed households, 1 out of 2 Datoga-

363 headed households, 2 (6.3%) out of 32 Meru-headed households, 1 out of 2 Nyiramba-headed 

364 households and 2 (22.2%) out of 9 Nyaturu-headed households. All of the Burunge- (1), Luguru- 

365 (1), Rangi- (1), Sandawe- (3), and Sukuma- (1) headed households were in this cluster. 

366 The mean, median and percentage values of most contributing variables in this cluster of 

367 households tended to fall between those for Clusters 1 and 3, with some exceptions.  This 

368 cluster of households tended to be in areas with higher average vegetation cover and higher 

369 average proportion of local forest cover than those in Clusters 1 and 3. Households in this 

370 cluster were less likely than those in the other two clusters to have a government title for their 

371 land. Most households in this cluster reported growing crops in the past 12 months, with 

372 households growing cowpeas, millet, sesame, sorghum, and wheat most likely to be found in 

373 this cluster, as were households owning pigs and co-grazing cattle with small stock. Levels of 

374 livestock vaccination against any disease were lowest in this cluster. Households in this cluster 

375 were found in areas with the highest median pig population density. They were least likely to 

376 report consuming meat over the past 3 days. This was the largest cluster (Table 2).

377 Cluster 3: Households in this cluster tended to be closer to a main road and to have lower time 

378 to travel to a market centre than those in the other two clusters. They were in areas with 

379 relatively high annual rainfall, were most likely to be surrounded by cropland and least likely to 

380 be surrounded by grassland. Households in this cluster tended to be found in areas with the 

381 highest human, cattle, sheep, goat, and chicken population densities. They had the smallest 

382 cattle herd and goat flock sizes, but with average and median sheep flock sizes broadly 

383 equivalent with those in Cluster 2. Household heads in this cluster were most likely to be Meru 

384 ethnicity, including 30 (94%) out of all 32 Meru-headed households. Eight (8.5%) out of the 94 

385 Iraqw-headed households, 5 (3.0%) out of the 166 Maasai-, 1 out of 2 Nyiramba-, and 7 (77.8%) 

386 out of 9 Nyaturu-headed households were also in this cluster. All of the Hehe- (1) and Chagga- 

387 (1) headed households were in this cluster. The proportion of households with heads with at 

388 least primary school education was highest in this cluster, as was the proportion of households 

389 with a latrine. The majority of households in the cluster reported growing crops, with the 
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390 proportion of households growing beans, potatoes, sunflower and owning their own plough and 

391 reporting selling crops highest in this cluster. Relatively few households in this cluster reported 

392 owning donkeys. Ownership of exotic breed cattle and small ruminants was more commonly 

393 reported than in the other two clusters. No households in this cluster reported engaging in 

394 transhumance. Zero grazing cattle and small stock was common, as was tethering livestock for 

395 grazing. Households in this cluster most commonly reported consuming fish in the past three 

396 days. They were least likely to report hunger, illness in people or livestock, deaths in livestock, 

397 crop losses or land loss over the past 12 months. This was the smallest cluster (Table 2).

398 The proportion of households in each village assigned to each of these three clusters is shown 

399 in Figure 5. In seven villages, all households were members of Cluster 1; in three villages, all 

400 households were members of Cluster 2; and in one village, all households were members of 

401 Cluster 3. The remaining 10 study villages comprised a mixture of households from different 

402 clusters. Two villages had a mixture of households from all three clusters. When household 

403 cluster membership was compared to ‘pastoral’ village membership from the study design 

404 stage, 170 (82.9%) households in pastoral villages were in Cluster 1, 34 (16.6%) were in Cluster 

405 2 and 1 (0.5%) was in Cluster 3. When compared to households in ‘mixed’ villages, 1 (0.5%) 

406 was in Cluster 1, 143 (71.9%) were in Cluster 2 and 55 (27.6%) were in Cluster 3. 

407

408 Figure 4. Position of households on the first and second factors (Dimension 1 and 2) derived 

409 from the MFA performed on characteristics of livestock keeping households in northern 

410 Tanzania. Households are shaded based on cluster membership.

411

412 Figure 5. Proportion of households in study villages assigned to each livestock production 

413 cluster in northern Tanzania in 2016.

414

415 Table 2. Mean values for continuous variables for households within clusters derived from 

416 hierarchical cluster analysis performed on livestock-keeping households in northern Tanzania 

417 (median values are given in square brackets).

418

Mean [Median]
Domains Variable Overall

(n = 404)
Cluster 1 
(n = 171)

Cluster 2 
(n = 177)

Cluster 3 
(n = 56)

Location Average annual vegetation cover 0.26 [0.27] 0.23 [0.23] 0.29 [0.29] 0.27 [0.28]
Distance to main road (km) 36.2 [32.6] 47.8 [10.3] 24.8 [9.4] 7.3 [8.4]
Time to travel to market centre (hours) 5.4 [3.6] 6.4 [4.6] 5.3 [3.4] 2.6 [1.2]
Total annual precipitation (mm) 830.4 [818] 742.2 [741] 865.6 [831] 989.9 [912]
Average annual temperature (°C) 19.3 [19.3] 20.2 [20.0] 18.6 [18.0] 18.6 [18.6]
Maximum slope (degrees) 3.7 [2.8] 2.2 [1.5] 4.5 [3.3] 4.4 [4.0]
Local crop land cover (%) 37.6 [25.7] 9.5 [0.00] 51.8 [49.7] 78.3 [92.2]
Local grassland cover (%) 46.1 [43.1] 73.3 [89.5] 31.1 [24.8] 10.53 [1.2]
Local forest cover (%) 1.1 [1.3] 9.01 [0.14] 14.29 [5.4] 8.03 [0.58]
Local human population density (km2) 1.41 [0.70] 0.32 [0.17] 1.28 [1.1] 4.72 [1.1]
Area of village (decimal degrees2) 1.8 [0.01] 0.03 [0.03] 0.01 [0.00] 0.00 [0.00]
Local cattle density (km2) 125.7 [0.90] 2.4 [0.45] 39.5 [9.7] 784.3 [80.8]
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Local sheep density (km2) 95.4 [4.6] 3.16 [2.7] 10.31 [10.4] 654.69 [17.1]
Local goat density (km2) 61.6 [1.7] 2.6 [1.27] 17.5 [5.8] 385.4 [41.7]
Local chicken density (km2) 159.9 [9.4] 4.9 [3.04] 42.7 [13.3] 1015 [155.0]
Local pig density (km2) 2.0 [0.1] 0.10 [0.02] 1.1 [0.21] 11.2 [0.09]

Livestock Number cattle 49.6 [10.0] 104.5 [50.0] 10.3 [8.0] 6.5 [5.5] 
Number goats 52.6 [15.0] 107.9 [50.0] 13.6 [8.0] 6.4 [4.5]
Number sheep 50.0 [10.0] 105.5 [42.0] 8.4 [4.0] 8.8 [3.5]

419  

420

421 Table 3. Percentages of households reporting variable presence in clusters derived from 

422 hierarchical cluster analysis performed on livestock-keeping households in northern Tanzania.

423

Percentage of households reporting variable presence 
Category Variable Overall1 

(n = 404)
Cluster 1 
(n = 171)

Cluster 2 
(n = 177)

Cluster 3 
(n = 56)

Household Household head male 92.3 (89.2 – 94.6) 94.7 92.1 85.7
Maasai ethnicity 41.1 (36.2 – 46.1) 88.9 5.1 8.9
Arusha ethnicity 20.3 (16.5 – 24.6) 7.0 37.9 5.4
WaMeru ethnicity 7.9 (5.6 – 11.1) 0.0 1.1 53.6
Iraqw ethnicity 23.3 (19.3 – 27.8) 0.0 48.0 14.3
Barabaig ethnicity 2.0 (0.9 – 4.0) 2.9 1.7 0
Nyaturu ethnicity 2.2 (1.1 – 4.3) 0.0 1.1 12.5
Head complete primary school 49.3 (44.3 – 54.2) 26.9 59.9 83.9
Government title for land 4.0 (2.4 – 6.5) 3.5 0.0 16.1
Latrine ownership 67.6 (62.7 – 72.1) 35.1 89.8 96.4
Treat drinking water 28.0 (23.7 – 32.7) 26.3 29.9 26.8

Crops Growing crops > 10 years 71.8 (67.1 – 76.1) 48.0 89.8 87.5
Grow no crops 12.9 (9.8 – 16.6) 26.9 1.7 5.4
Grow beans 60.6 (55.7 – 65.4) 49.1 65.5 80.4
Grow cowpeas 5.9 (3.9 – 8.8) 1.8 10.7 3.6
Grow maize 78.7 (74.3 – 82.5) 58.5 94.4 91.1
Grow millet 7.7 (5.4 – 10.8) 1.8 14.7 3.6
Grow onions 5.9 (3.9 – 8.8) 14.0 0.0 0.0
Grow potato 4.7 (2.9 – 7.4) 0.6 6.7 10.7
Grow sesame 3.2 (1.8 – 5.6) 0.6 6.2 1.8
Grow sorghum 3.0 (1.6 – 5.3) 0.6 6.2 0.0
Grow sunflower 9.4 (6.8 – 12.8) 1.8 14.1 17.9
Grow wheat 3.0 (1.6 – 5.3) 0.0 6.8 0.0
Staple crops last > 6 months 59.6 (54.6 – 64.4) 42.0 73.3 69.6
Own plough 41.8 (37.0 – 46.8) 28.1 48.0 64.3
Sell crops 36.6 (31.9 – 41.6) 29.8 39.5 48.2

Livestock Type Pigs 12.6 (9.6 – 16.4) 0.0 28.2 1.8
Donkeys 57.7 (52.7 – 62.5) 86.0 41.2 23.2
Chickens 85.9 (82.0 – 89.1) 76.6 93.2 91.1
European breed cattle 2.7 (1.4 – 5.0) 2.9 0.0 10.7
European breed small stock 2.2 (1.1 – 4.3) 2.4 0.0 8.9

Management Cattle transhumance 37.8 (32.9 – 42.8) 76.7 13.1 0.0
Small stock transhumance 27.3 (22.9 – 32.1) 59.7 5.6 0.0
Graze cattle with small stock 25.0 (20.9 – 29.6) 5.8 42.3 28.6
Zero graze cattle 10.2 (7.5 – 13.6) 0.0 0.1 71.4
Zero graze small stock 9.2 (6.6 – 12.5) 0.0 0.6 64.3
Tether cattle 4.7 (2.9 – 7.4) 0.0 4.0 21.4
Tether small stock 5.0 (3.1 – 7.7) 0.0 5.1 19.6
Vaccinate against any disease 23.4 (19.4 – 28.0) 38.0 11.3 16.3
Sell milk 15.1 (11.8 – 19.1) 16.4 7.3 35.7
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Consumption Meat 54.2 (49.2 – 59.1) 75.3 35.0 58.9
Dairy 71.5 (66.8 – 75.8) 73.7 72.3 62.5
Blood 6.7 (4.5 – 9.7) 11.7 2.3 5.4
Vegetables 69.8 (65.0 – 74.2) 48.0 83.6 92.9
Legumes 66.3 (61.4 – 70.9) 60.2 70.1 73.2
Fats 55.0 (50.0 – 59.0) 55.0 56.5 50.0
Fish 11.1 (8.3 – 14.7) 2.3 10.2 41.1
Poultry 15.1 (11.8 – 19.1) 9.9 16.4 26.8
Root vegetables 28.7 (24.2 – 33.4) 19.9 31.6 46.4
Eggs 21.5 (17.7 – 25.9) 12.3 25.4 37.5
Any animal source food 89.4 (85.8 – 92.1) 91.8 85.9 92.9

Vulnerability Hunger 45.0 (40.1 – 50.0) 48.5 50.8 16.1
Illness in people 60.9 (55.9 – 65.6) 74.3 61.0 19.6
Illness in livestock 54.7 (49.7 – 59.6) 67.8 53.7 17.9
Crop losses 34.9 (30.3 – 39.8) 34.5 40.1 19.6
Livestock losses 41.6 (36.8 – 46.6) 58.5 36.7 5.4
Land losses 27.5 (23.2 – 32.1) 31.0 31.1 5.4

424

425 1 95% confidence interval given in brackets

426

427 Discussion

428 Our data analysis identified three clusters of households representing three distinct livestock 

429 production systems. The ethnic and production characteristics of these household clusters fit 

430 closely into the three traditional typologies of livestock production in northern Tanzania. These 

431 are pastoral (cluster 1), agro-pastoral (cluster 2) and smallholder (cluster 3) production 

432 systems. Our principal findings are therefore that the traditional livestock production systems 

433 that have existed in northern Tanzania for centuries continue to persist in the region, and that 

434 the analytical methods used herein complement more qualitative data categorization methods. 

435 While we find no evidence that new typologies of livestock production have emerged, there 

436 have been changes in production practices within existing systems. Our findings also reveal 

437 heterogeneity in a range of indicators of vulnerability between different production systems that 

438 point to inequalities in household health and welfare in northern Tanzania. 

439 There has been a tendency, particularly reflected in livestock and land use policies, for pastoral 

440 communities to be viewed as static and resistant to change [46]. In reality, pastoral production 

441 systems are characterized by their ability to respond to highly changeable environments [47]. 

442 Here, we reveal widespread adoption of non-traditional forms of production within this system, 

443 most notably the fact that around three quarters of pastoral households reported performing 

444 crop agriculture over the preceding 12 months. Although crop agriculture has had an often 

445 under-appreciated role in East Africa pastoral livelihoods [22], the frequency with which crop 

446 agriculture was reported among pastoral households in this survey reflects a major shift in 

447 livelihoods, particularly for the Maasai [20,21]. An important driver for this change is likely to be 

448 the need to achieve greater food security as access to grazing lands declines, as well as to 

449 increase the security of land tenure, and provide access to additional sources of cash through 

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

The copyright holder for thisthis version posted February 10, 2020. ; https://doi.org/10.1101/2020.02.10.941617doi: bioRxiv preprint 

https://doi.org/10.1101/2020.02.10.941617
http://creativecommons.org/licenses/by/4.0/


15

450 the sale of crops such as maize and beans, the main crops reported to be grown by households 

451 in this group. 

452 Mobility has also often been considered to be a defining characteristic of pastoral households 

453 [26]. It is therefore notable that over a quarter of cattle-keeping households in this cluster 

454 reported having not used transhumant grazing movements for cattle in the past 12 months, and 

455 more than one third of small ruminant keeping households of not using these movements for 

456 sheep or goats. It is well known that pastoral communities are undergoing rapid demographic, 

457 social, and economic shifts that are likely to influence practices around transhumance [48]. In 

458 particular, long-distance livestock movements that have traditionally been a response to 

459 variable grass and water availability have become increasingly difficult as a result of competing 

460 pressures on traditional grazing lands, including enclosure of previously communal land, 

461 conversion to crop lands, and for conservation [14,49-52]. It has also been argued that the rise 

462 of cultivation within pastoral systems may lead to reduced mobility and progression towards 

463 more sedentary systems in which livestock and crop agriculture are more closely integrated 

464 [53].  The impacts of restricted grazing and sedenterisation of pastoral communities have also 

465 been associated with declines in herd sizes in pastoral communities in other settings [54,55]. 

466 While our findings suggest the persistence of distinct pastoral and agro-pastoral livestock 

467 production systems in northern Tanzania, the ongoing ‘squeeze’ on rangeland access 

468 combined with growing populations is likely to lead to increasing overlaps in livestock 

469 production practices between these systems [47,56]. Strengthening extension services and the 

470 promotion of participatory initiatives that can support crop production in communities in which 

471 the cultural traditions of agriculture are relatively weak may be beneficial. It is notable, for 

472 example, that a very small proportion of pastoral households report growing indigenous crops 

473 such as sorghum or millet, which have relatively lower water requirements than introduced 

474 maize, and may represent less risky crop choices in dryland areas [57,58]. 

475 As livelihood transitions occur, it is also important to note that increasing reliance on crop 

476 agriculture in pastoral households can result in greater work for children, who may be expected 

477 to herd animals as well as work in fields, as well as for women, who perform most agricultural 

478 work in Maasai communities [52]. In addition, there is often limited integration of crop and 

479 livestock production in pastoral households, such as through the use of manure as fertiliser 

480 [47]. Unsustainable farming practices in combination with the common pastoral imperative to 

481 maximize herd sizes may also contribute to further rangeland declines if profits from agriculture 

482 are invested in additional livestock [4,47,59]. 

483 We find that livestock production systems in northern Tanzania are still strongly linked to 

484 ethnicity, but that these linkages are not absolute. For example, almost half of the Barabaig 

485 households in our sample were classified as being in the agro-pastoral livestock production 

486 system. This relatively small group of traditionally pastoral people is known to have been highly 

487 impacted by previous conversion of rangeland areas to commercial crop agriculture [60]. The 
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488 long-term impacts of these changes have been infrequently assessed, but the results of our 

489 small sample of Barabaig-headed households may point to important changes in livelihood 

490 profiles away from pastoralism and towards agro-pastoralism. These changes may provide a 

491 model for a similar process underway in Maasai households. It is also striking that almost 10% 

492 of smallholder households were headed by people of Maasai ethnicity. Hence, modern Maasai 

493 households should be considered to include both pastoral and smallholder farmers, as well as 

494 those engaging in a wide range of non-livestock based livelihoods not considered here [61]. 

495 A notable finding in our study is the diversity of livestock production systems found within single 

496 villages. In many systems, be they social, ecological, or economic, increasing diversity tends 

497 to be correlated with increased resilience to a range of hazards [62]. It has been argued that 

498 the same is true of socio-ecological systems that are centred around livestock production [63]. 

499 For example, households that rear cattle, which are grazers, together with goats, which are 

500 browsers, enables the maximisation of livestock productivity under a range of environmental 

501 circumstances [63-65]. When systems of reciprocity within a single community are strong, 

502 multiple livestock-based livelihood strategies that allow different responses to hazards, such as 

503 drought or restrictive policies, might contribute to reducing the vulnerability of the whole 

504 community in a similar way. Systems of reciprocity have traditionally been an important feature 

505 of pastoral, agro-pastoral and smallholder production systems in northern Tanzania  [66-68]. 

506 Such systems have been substantially eroded in recent times [14,69], and the extent to which 

507 they exist within administrative areas (such as villages) in which substantial diversity in livestock 

508 production typologies exist would be a valuable area for future research.

509 Our work reveals that the around half of all households reported hunger over the past 12 

510 months in both pastoral and agro-pastoral production systems. While the proportion of pastoral 

511 households reporting consuming red meat, milk products, and blood over the past three days 

512 was equivalent to the other production systems, the proportion of households reporting 

513 consumption of vegetables, legumes, fish, eggs, and poultry was considerably lower. Dietary 

514 diversity has been strongly linked to food security [70] and to nutritional adequacy [71]. 

515 Household crop diversity was also low in all production systems, with maize and beans as the 

516 main crops grown. The production of a multiple crop types has been linked with lower levels of 

517 poverty [72,73]. 

518 The proportion of households with a government title for land was very low in all systems, and 

519 zero in the case of agro-pastoral households. One third of households in this group also report 

520 land losses in the past 12 months. Land insecurity is strongly linked to poverty vulnerability and 

521 can be expected to become an increasing issue with population growth in the region [49]. Efforts 

522 in pastoral communities have been made by local non-governmental organisations to facilitate 

523 the securing of land titles and land rights, but to mixed effect [34]. Household-level latrine 

524 ownership and the education of the household head were considerably less common in pastoral 

525 households than in the other production systems. These indicators of household 

526 socioeconomic status have been strongly linked to human infectious disease risk [74] and 
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527 childhood nutrition [75-77] in other settings. In many pastoral communities, sedentarisation has 

528 been associated with negative nutritional and health consequences, despite often improved 

529 access to services [78].

530 The smallholder production system had the lowest proportion of households reporting hunger, 

531 illness in people or livestock, livestock or crop losses or land losses. This group also tended to 

532 report the widest diversity of food consumption and had the highest level of household head 

533 education and latrine ownership. While we did not collect detailed data on household inputs as 

534 part of this study, smallholder systems in northern Tanzania have historically represented very 

535 high levels of agricultural intensification [23]. The apparent resilience (or lower levels of 

536 vulnerability) of households within this system support links between agricultural intensification 

537 and prosperity [56], although this group was found in peri-urban areas and are therefore also 

538 likely to benefit from greater access to extension and other services, as well as non-agricultural 

539 sources of income that were not recorded here. Smallholder systems are often a focus for 

540 development interventions in the livestock sector in sub-Saharan Africa [80]. However, based 

541 on the indicators of vulnerability explored in this study, and given scarce resources, livestock-

542 keeping households in agro-pastoral and pastoral settings in northern Tanzania appear to be 

543 in greater need of support in poverty alleviation.

544 A number of limitations should be considered when interpreting our findings. Households were 

545 selected from a limited number of villages, and villages in urban areas were excluded from the 

546 sampling procedure. Livestock production occurs in urban areas of Tanzania and tends to be 

547 characterised by small scale, intensive zero-grazing production of cattle and small ruminants 

548 that could be expected to fall into the smallholder classification. The proportion of households 

549 that were categorised as smallholder was smaller than those in the other systems. With a larger 

550 sample, greater diversity within the smallholder system may have emerged, potentially 

551 including the classification of distinct typologies. In particular, while zero grazing practices were 

552 common in the smallholder system, relatively few households reported ownership of European 

553 breed dairy cattle or the sale of milk. Hence, greater sampling in smallholder settings, including 

554 in villages classified as ‘urban’ may have revealed a distinct typology involving high yielding 

555 European breed cattle kept exclusively for commercial purposes. In addition, we collected only 

556 limited information on household livelihood activities outside of crop and livestock production, 

557 or the relative contribution of each to household revenues. While we included a wide range of 

558 household level characteristics, and the resulting clusters reflect expected and sensible 

559 groupings of livestock-keeping households with these characteristics in this region of Tanzania, 

560 dimension reduction and hierarchical clustering approaches are sensitive to input data. We 

561 therefore cannot rule out that the inclusion of a wider range of household level variables than 

562 were available to us may have resulted in a different number of clusters, or clusters with 

563 different general characteristics. A further limitation is that all livestock keeping households 

564 included in this study were those who attended the central point sampling event. There is 

565 therefore the potential for selection bias if characteristics of households made them more or 
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566 less likely to attend with their animals. This may be particularly important for those households 

567 in the smallholder sector, where zero-grazing (i.e. continual housing) of animals was most 

568 commonly reported. Finally, while not necessarily a limitation, we would caution that the 

569 production systems we describe here represent those in northern Tanzania, and “smallholders”, 

570 “agro-pastoralists” and “pastoralists” may have different characteristics in other parts of the 

571 country and internationally. Future studies that use a similar approach to that described here 

572 to classify livestock production systems in other geographic areas would provide further 

573 understanding of the diversity of livestock production that exists in Tanzania.

574 Previously reported classification systems have commonly used knowledge-based systems, 

575 such as expert opinion, in order to classify large geographic areas according to the dominant 

576 livestock production system [4,30,81-84]. The resulting classification systems have made 

577 important contributions to priority-setting, but their regional, continental or global focus has 

578 meant that they typically have limited resolution at smaller spatial scales. Here we show that 

579 data-driven approaches performed on the types of data variables that are commonly collected 

580 in questionnaire-based surveys, can provide a valuable tool with which to characterise and 

581 classify livestock keeping households. We show that such an approach can allow the diversity 

582 of livestock production that can exist within small areas, including within a single village, to be 

583 described. 
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