


Conclusions

While cattle remain the principal source of Fulani income and wealth, the inhabitants of

Kachia Grazing Reserve have diversified their livelihood strategies to respond to changing

circumstances and stress, especially the limited availability of grazing within the reserve and

political insecurity outside, resulting in continued transhumance, the maintenance of smaller

livestock holdings and pushing households into poverty.

Introduction
TheFulanipeoplesarethemajorpastoralistgroupacrossWestAfrica andhavedominatedcat-
tleproductionin Nigeriafor centuries[1]. AlsoknownasFulbe pastoralists,their population
in Nigeriaisestimatedat15.3million [2].

In thelate1980sFulaniwereestimatedto manage90%of Nigeria'sruminants[3]. A 1992
livestocksurveyfound thatFulanipastoralists,thegreatmajority of whomhavenowsettled,
growcropsandpracticeaform of limited seasonaltranshumance,kept83%of thecattlein
Nigeria.Manyarablefarmersalsopracticeanimalhusbandry.Traditionalmanagementin and
aroundrural villagesbynon-Fulaniaccountedfor 17%of cattle.Only 0.3%cattlewerereared
on commercialholdingsin aperi-urbanor urbansettings[4]. Villageandurbancattlekeeping
is increasingasbusinesspeopleinvestin thecurrentagriculturalrevolutionin Nigeriaandthe
local`indigene'populationslearnherdmanagementskillsfrom theFulani.In 2014,therumi-
nantpopulationof Nigeriawasestimatedat19.4million cattle,40.6million sheepand71.0
million goats[5].

Traditionally,Fulanipracticedyear-roundnomadism,partly in responseto theneedto
migrateawayfrom thehigh infectionchallengepresentedby tsetseflies.Beforethe1950s,
herdsfrom thenorthernsavannahzoneonly grazedin thesub-humidzonefurther southdur-
ing thedry season,whentherisk from trypanosomiasiswaslower.Sincethe1950stherehas
beenasouthwardsshift into thesub-humidzonefor year-roundgrazingwith Fulanipastoral-
istsoccupying5%of therural populationof whatwasaninhabitedzone.

By1988it wasestimatedthat thedry seasoncattlepopulationdecreasedbyapproximately
40%in thewetseason[6] indicatingthatanincreasinglyyear-roundpopulationwaspresentin
thiszone.Expansionof cultivationhasreducedsuitabletsetsehabitat,makingtheareamore
hospitableto livestockkeepers[7]. An increasingnumberof Fulaniaregivingup thewetsea-
sonmigrationnorthwards,to engagein mixedcrop/livestockfarmingandamoresettledlife-
style[8]. MostFulaninowhavepermanenthomesteadsandpracticeonly short-rangedry and
wetseasontranshumance,in partdueto diminishingaccessto rangelandsfrom farmingpres-
sure,increasingconflictsandinsecurity[1].

Grazingreserveswereestablishedin Nigeriain the1960sto encouragepastoralistsedentarisa-
tion [9]. Thereserveswereanticipatedto increaseproductivity,providingcritical resourcesfor
livestockkeeping(waterandlandtenure)andaccessto markets,andto reduceclashesbetween
pastoralistsandcropfarmersdrivenbycompetitionfor resources.TheKachiaGrazingReserve
(KGR)wasestablishedby theKadunaStateMinistry of Animal andForestResourcesin 1967to
settlenomadsin onelocationto improvetheir standardof living; to improvethequalityof live-
stockproduced;to reduceconflictbetweennomadsandfarmersandto provideanareafor
research[10].TheKGRishometo some10,000Fulanipastoralistsandtheir 40,000cattle.In
May2011,amonth afterthepresidentialelection,KGRexperiencedasuddeninflux of displaced
familiesfleeingviolentclashesin their areasof origin [11].
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Thestudyobjectivesaretwo-fold.Firstly,wedescribeandassessvariationin KGRhouse-
hold characteristicsin termsof thehouseholdhead,wivesandmarriages,livelihoodstrategies,
livestockkeeping,cropfarming,off-farm sourcesof income,mutualassistanceandgendered-
wealthholdings.Secondly,weexplorewhetherlivestockandwealthareequallydistributed
amongKGRhouseholds,andif not, whatvariablesaccountfor thevariationseenacross
households.

TheKGR,thefirst grazingreserveto beestablishedin Nigeria,is representativeof Fulani
livelihooddiversification,wealthandhouseholdheterogeneityin agrazingreservesetting.Ana-
lysingthesocialandeconomicmake-upof grazingreservecommunitiesandtheir resilienceto
socialchangeispertinentbecauseof thesocietalandpolitical lobbyfor sendentarisationof pas-
toralistpopulations.Pastorallivelihoodsarein atransitionalstateandunderstandingthehouse-
hold economyiscrucialin achievingsustainableandeffectivedevelopmentinitiatives.

Study site

TheKGRissituatedin KadunaState,north centralNigeria,andcomprises31,000hectares
betweenlatitudes10Ê03'-10Ê13'Nandlongitudes7Ê55'-8Ê06'E.KGRlieswithin thesub-humid
zone,700±900m abovesealevelandis fedby theKadunaRiver.KGRexhibitsnorthern
GuineaSavannahwoodlandvegetation.Theclimateis tropicalsub-humid,with awetseason
running from June-Octoberanddry seasonbetweenNovember-May.Theaveragetempera-
ture is28ÊC(minimum of 19ÊCin Januaryandmaximumof 39ÊCat thestartof therains).

KGRsettlersareexclusivelyFulanipastoralists.TheKGR`district' iscalledLadduga or
`bush'in FulfuldeandtheKGRheadquartersandtradingcentreiscalledTampol (afterthetar-
paulinsthatcoveredthefirst marketstalls).Administratively,KGRisdividedinto 6blocks.
Block2 is largeanddiverse,geographically,andissubcategorisedinto 2A and2B(Fig1).KGR
has9Ardos or villageheads,eachrepresentingaclan.Thesettlementareaswithin theblocks
arenamedaftertheclanelder.

Study design

Thismixedmethodsstudycomprisedthreecomprehensivelivelihoodssurveysundertaken
within KGRduring 2011:March(mid-dry season),June(beginningof wetseason)andOcto-
ber(endof wetseason).

Thisapproachenabledthemesto becoverednot only throughadministrationof question-
nairesatdifferenttime pointsandto differentcohortsof households/individualsbut also
throughapplicationof arangeof differentparticipatoryresearchmethods.Triangulationwas
employedto validatetherepeatabilityof dataobtainedandensurebetterreliability of evidence.
Thismethodalsoensuredthatvariationsin characteristics,knowledge,perceptionandprac-
ticeswerecaptured.

Thehouseholdwastheprimary unit of assessment.In July2010,astatecensusundertaken
by theKGRProjectOfficerecorded581householdsin KGR.For thesurveyundertakenin
March2011,64householdswererandomlyselectedfrom this total.In May2011,onemonth
afterthepresidentialelection,KGRexperiencedasuddeninflux of displacedfamiliesfleeing
violentclashesin their areasof origin. In total,249families(3,000people)movedinto the
reservewith their livestock(20,000cattle,5,000sheepand1,500goats).A censusundertaken
in June2011providedarevisedfigureof 777householdswith ahuman,cattle,sheepandgoat
populationof approximately10,000,40,000,10,000and5,000respectively[11]. Of the752
householdsfor whichdataon theyearof settlementin KGRareavailable,28.2%wereestab-
lishedin theKGRbeforetheperiodof inter-communalviolencethatbeganin theearly2000s.
A further 38.7%settledin KGRbetween2001and2010and33.1%of all householdshad
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movedinto KGRin May2011.Of these249households,all wereinhabitingthereservein
October2011intendingto settlepermanently.In thisstudy,householdsthatmovedinto KGR
during themassimmigration eventof May2011arereferredto as`newimmigrant' households
andtheremainderas`oldsettlers'.

Foreachof theJuneandOctobersurveys,40householdswererandomlyselectedfrom
acrossthese777householdsbyallocationandgenerationof randomnumbersusingtheSurvey
Toolbox1.

Focus group discussions and key informant interviews. Focusgroupdiscussions[FGD]
employingparticipatoryrural appraisaltechniques[12] wereundertakenby thefirst author
with 8 groupsof 6±12individualsof thesamesex,with theassistanceof alocaltranslator.
Thesediscussionsweresupplementedby two keyinformant interviews.Topicsof discussion
andindividuals/groupstargetedaresummarisedin Table1.

Wealthandpovertywereassessedusingparticipatorywealthranking,in whichfocusgroup
discussantsself-determinedwealthreferencepoints[13].

Questionnaires. A questionnairewasadministeredto eachselectedhousehold.Interviews
wereundertakenby thefirst authorwith theassistanceof alocaltranslator.Respondentswere
householdheadsor, in aminority of cases,their sonsor brothers.Not all selectedhouseholds
agreedto beinterviewed.For thesurveyundertakenin June2011asingle`outlier'household
wasremovedfrom analysis,havingahouseholdsizeof 277andcattleherdof 1,500.Question-
nairesfocussedon four themes:householdsizeandcomposition;thedomesticanimalpopula-
tion (speciescompositionandholdingskeptin andoutsidetheKGR);householdlivelihoods

Fig 1. Location of KGR househo lds. (Map was created using ArcGIS�Šsoftware by Esri. ArcGIS�Š—with

the following attribution: Esri, HERE, Garmin, USGS, METI/NASA, NGA).

doi:10.1371/journal.pone.0172866.g001
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strategiesandsourcesof income.Livestockcapitalwasusedastheprimary proxyfor wealth.
FGDsindicatedthat thenumberof animalswasthemostimportant parameterfor rankinga
household'swealthstatusin theKGRaspreviouslyreported[14,15].

To aggregatethelivestockspeciesmaintainedbyahousehold,thetotalnumberof tropical
livestockunits (TLU, equivalentto 250kg live-weight)werecalculated.Thefollowingconver-
sionfactorswereapplied:cattle= 0.70,sheepandgoats= 0.10,domesticfowl/poultry = 0.01
[16]. Otherwealthindicatorsincludingnumberof buildings,hectaresfarmed,andeducational
levelof thehouseholdhead,werealsoexamined.

Our analysesarebasedon atotal samplesizeof 133households.Fifty-sixhouseholdswere
interviewedin March2011;38in June2011and39in October2011.For thesurveysunder-
takenin JuneandOctober2011,approximately30%of householdswereof newimmigrants.

Datapre-datingtheimmigration eventhavebeenanalysedseparatelyandtheseexcluded
householdsandlivestockthatwereon dry seasontranshumance.Formostanalyses,responses
from JuneandOctober2011areaggregated.

Statistical analyses. A rangeof univariateanalyses(t-tests,chi-squaretestsandsimplelin-
earregression)werecarriedout in Rv3.1.1[17]. A multi-variablegenerallinearregression
modelto explorethekeyvariablesaffectingthetotal livestockunitswithin ahouseholdwas
createdin R(regressionmodellingstrategies̀rms'package)usingastepwise,forward-selection
approachwith Akaikeinformation criterion (AIC) values.

Multiple correspondenceanalysis(MCA) wasperformedusingselectedvariablesfrom the
JuneandOctober2011surveydata.Thevariablesusedwere:householdsize,herdsize,number
of marriagesof householdheadandsourcesof extraincome(from theoptions:wages(casual
labour),salary(salariedwork) andsomesortof businessinitiative±e.g.teashop,motorcycle
servicing,etc.).Wealthstatus(usingTLU percapitaasaproxy)andgeographicallocation
wereincludedassupplementaryvariables,whichdoesnot affectthecreationof themain
dimensionsbut enablesthesevariablesto beprojectedonto theMCA plot.TheMCA wasper-
formedin STATAv.13(StatacorpLP,CollegeStation,TX, USA).

Ethics statement

Ethicalclearancefor interviewingof humansubjectswasgrantedon 7th February2011by the
Ministry of Health,KadunaState(NotaMOH/HS/PER/VOL.I/234/70).Studyparticipants

Table 1. Topics and target groups and individua ls for focus group discussion s and key informan t
interview s.

Topic Target group

Focus group discussions

Community wealth ranking Men and women

Role of household head Men and women

Household revenue and livelihood diversification Men and women

Sale of dairy products Members of women’s cooperative

Household composition, expansion and

dissolution

Women

Gendered wealth holdings Men and women

Key informant interviews

Crop farming, KGR past and future Elderly, educated, elite male; advisor to district head

President of dairy cooperative

Household expansion and dissolution Young educated community member

Grazing reserves and mobility of pastoral

communities

National Livestock Development Project, Federal

government

doi:10.1371/journal.pone.0172866.t001
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werebriefedon thepurposeof thestudyandverbalinformedconsentwasobtained.Written
consentcouldnot beobtainedasthelargemajority of studyparticipantswereilliterate.Partici-
pantconsentwasdocumenteddirectlyin thequestionnairesusedto interviewthestudypartic-
ipants.Theethicscommitteeof theMinistry of Health,KadunaState,approvedthisconsent
procedure.

Results

Household characteristics

Household head. Thenucleusof all KGRFulanihouseholdsis its head(HHH) or jewuro,
anadultmale,whomakesdecisionson social,economicandpoliticalmatters.FGDresponses
indicatedthat themain roleof theHHH wasto managetheherdor agriculturalunit, being
responsiblefor all aspectsof herdsecurity,maintenanceandreproductiveefficiency.

HHH agesrangedfrom 23to 87yearswith ameanandmedianageacrossthesurveysof 53
years.Over50%of HHHs wereagedbetween45and64.Therewasasignificantrelationship
betweenhouseholdsizeandageof theHHH (p< 0.01),thoughlinearregressionindicatedthat
this relationshipaccountedfor only 8%of thevariationin householdsize.

Ratesof formaleducation(primary,secondaryor further),otherthanin Koranicschooling
werelow,at justover10%of all HHHs.

Wives and marriages. A Fulanimanmaytakeamaximumof four wivesatanyonetime
in accordancewith Islamicrules.It is important to considernot just thecurrentnumberof
wivesof HHHs, but alsothenumberof marriagescontracted.Followingdivorceor deathof a
spouse,childrenusuallyremainin their father'shousehold.

Themajority of HHHs, 70%,hadeitheroneor two wives.Two wasthemodalnumber,
whenall of aHHH's marriageswereconsidered,with 32%in theMarchsurveyand44%in the
June-Octobersurveyshavingmarriedtwice.ThreeHHHs hadmarriedfivetimesandone
HHH interviewedhadmarried10times,but wasexceptional(Table2).

Household composition. Thehousehold,or wuro, isagroupof agnaticallyrelatedmen,
their wivesandchildren.TheFGDswith womenrevealedtwowuro structuresin theKGR:a
three-generationhouseholdin whichtheHHH iselderlyandhissonsandtheir wivesandchil-
drenliveunderhisdirectiveandonein whichtheHHH hasdiedandis replacedbyhiseldest
son,wholivesin thesamehouseholdwith his junior brothers,their wivesandtheir children.
Thefirst wuro structurewasmorecommon:only 11%of householdsinterviewedreported
havingaHHH living with hisbrothersandhisbrother'swivesandchildren.

Table 2. Number of marriages of HHH.

Categor y Number of wives/m arriages

March Interviews (n = 56 HHH) June-Octo ber (n = 77 HHH)

0 1 2 3 4 >4 0 1 2 3 4 >4

Current wives 0 19 21 11 5 0 22 21 32 15 7 0

Deceased wives 45 9 1 1 0 0 67 6 3 1 0 0

Divorced wives 47 5 1 2 0 13 77 0 0 0 0 0

Marriages 1 0 11 18 17 7 34 0 17 34 17 8 15

1 Number of times HHH married, inclusive of current, divorced and deceased wives
2 A HHH had one and another had 2 wives, but these wives died leaving both HHH with no wives
3 HHH divorced 5 wives
4 2 HHH had 5 wives overall and 1 HHH had 10 wives (same HHH as the one who divorced 5 wives)
5 HHH had 5 wives, 4 present and 1 that died

doi:10.1371/journal.pone.0172866.t002
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Respondentsreportedfour phasesof householdexpansionanddivision.(i) Thehousehold
expandsthroughtheoffspringof theHHH andhisfirst wife,andmaycontinueto expandto
form acompoundfamily if theHHH takeson morewives.(ii) Thehouseholdexpandswhen
thesonsof theHHH taketheir ownwivesandhavechildren.(iii) Division occursassonsand
their wivesseparatefrom their father'shouseholdif thesonshavebuilt up largeenoughcattle
herds,asillustratedby thisstatementfrom ayoungfocusgroupdiscussantwhodecidedto `go
it alone' andcreateanewwuro distinct from theoneof hisfatheron accountof his largeherd
sizeandfinancialindependence.A sonfrom apoorhouseholdmayalsobedrivento leavehis
father'swuro to improvehisprospectsbymovingelsewhere:‘if someone does not have enough
cows to give to all his sons then he will send his son to go and work for another herd so that he can
work to earn a calf, the going rate is two years for a female and one year for a male’. (iv) House-
hold dissolutionoccurswhentheHHH diesandhisherdisdistributedamongsthissonsand
daughtersin a2:1ratio.At thisstage,eachsonmayform hisownhouseholdunit, althougha
householdmaycontinueto existasasingleunit evenafterthedeathof anelderlyHHH. Cer-
tain factorssuchasdeathof afather,livestockwealthor povertymakehouseholddivision
morelikely,but focusgroupdiscussionsrevealedthat thereisno typicalthresholdnumberof
cattleor prescribedrule for anindividual decidingto form hisownhouseholdunit. Thedeci-
sionto divideismadeby thehouseholdhead,asillustratedby thisstatementfrom afocus
groupdiscussant:̀ason will only separate his animals and family if his father gives his approval’.

FGDsin March2011showedthatmarriageoccursin individualsof 16yearsor more.For
thesurveysundertakenin June/October2011,16wasconsideredtheageof adulthood,accord-
ingly 53%of thepopulationwerechildren(Table3).Overall51%of thehouseholdpopulation
wasmale;within the5±15-yearold agegroup,60%weremale.Marriageof younggirlsmay
haveresultedin their beingclassifiedasolderthantheywere.In theMarch2011survey,16%
of householdsreportedhiring non-bloodrelated̀ cattleboys',classifiedasmembersof the
households,accountingfor 1.4%of thepopulation.FGDsindicatedthesecouldbefrom non-
Fulaniethnicgroups.

Themeanhouseholdsizewasfound to behigher(25.9)in June-October2011thanin
March2011(20.4).Newimmigrant householdsweresignificantlylargerwith amean

Table 3. Househo ld size and composit ion, June and October 2011 surveys.

Categor y No HHs Sum Mean1 SD1 % of total populati on

(ages in years)

HHH 77 77 1.0 0.0 3.9

Wives of HHH 75 158 2.1 0.9 7.9

Child �� 5 71 434 6.1 4.4 21.7

Child 5–15 male 70 372 5.3 4.3 18.6

Child 5–15 female 62 253 4.1 2.7 12.7

Unmarried adult male �!15 42 144 3.4 2.3 7.2

Unmarried adult female �!15 35 97 2.8 2.1 4.9

Married adult males �!15 55 210 3.8 2.9 10.5

Married adult females �!15 57 251 4.4 2.9 12.6

Subtotal children�15 75 1,059 14.1 9.5 53.1

Subtotal new immigrants 25 830 33.2 22.2 41.6

Subtotal old settlers 52 1,166 22.4 11.4 58.4

Total 77 1,996 25.9 16.4 100.0

1 Mean and SD [standard deviation] apply to households (HHs) containing a particular category of individual rather than overall HHs

doi:10.1371/journal.pone.0172866.t003
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householdsizeof 33.2(meandifferenceof 10.8persons,95%confidenceinterval[CI] of 1.4±
201)comparedto theold settlers(Table3).

Livelihood strategies. KGRisconsideredbygovernmentofficialsto bean`agro-pastoral-
ist' community,with theimplication that25±50%of incomeisderivedfrom livestockandlive-
stock-relatedactivities[18]. At thetime KGRwassetup, it wasstipulatedthaton settlementin
KGRhouseholdsshouldbeallocated10hectaresof land,with aprovisothat4hectaresshould
bededicatedto cropfarming.FGDinterviewsshowedamismatchbetweentheperceptionsof
theauthoritiesandinhabitants.

All householdsengagedin livestockkeeping,with 97%rankingthisactivityastheir primary
sourceof incomeor subsistence.Householdsreportedderivingmorethan50%of their income
from livestockwhichwouldcategorisethemaspastoralists.Householdsalsoengagein other
livelihoodstrategies(cropping,mainly for subsistence,andoff-farm activities).Ninetypercent
of KGRhouseholdsgrowcrops,and96%of thecrop-growersrankedthisactivitysecondin
termsof contribution to overallhouseholdincome.Overhalfof KGRhouseholdsengagedin
off-farm activities,andrankedthisactivitythird in termsof its contribution to thehousehold
economy.Remittancesfrom familymembersliving awayfrom homeandwomen'scraftsalso
contributedto theincomeeconomyof somehouseholds,althoughthesesourcesweretypically
ranked3or lower(Table4).

Livestock,milk and,to alesserextent,cropsalesmeetthecashneedsof thehousehold.
Theseincludepurchaseof herbs,spicesandcondimentsfor cooking,clothes,schoolfees,

Table 4. Househo lder rankin gs of income sources.

Activity No HHs citing income source % of HHs Contribution to HH income

(No of HHs)

Rank 11 Rank 2 Rank �3

Livestock 133 100.0 129 4 0

Crop farming 120 90.2 5 115 0

Off farm activities 73 54.9 0 0 73

Business 49 36.8 0 0 49

Salary 40 30.1 0 0 40

Wage 13 6.4 0 0 13

Money from family 45 33.8 0 0 45

Women 's crafts 30 22.6 0 0 30

1 One household (HH) gave a rank of 1 to both livestock keeping and crop farming

Data from surveys undertaken in March, June and October, 2011.

doi:10.1371/journal.pone.0172866.t004

Table 5. Househo ld engageme nt in non-livesto ck keeping activities.

Activity engaged in Old settlers (%) New immigrant s (%)

n = 108 n = 25

Cropping 89.8 [82.5–94.8] 92.0 [74.0–99.0]

Business 38.9 [29.7–48.8] 28.0[12.1–49.4]

Salaried work 31.5 [22.9–41.1] 24.0 [9.4–45.1]

Wage-earning work 9.3 [4.5–16.4] 12.0 [2.6–31.2]

Upper and lower 95% CI in square brackets. Data from surveys undertaken in March, June and October

2011.

doi:10.1371/journal.pone.0172866.t005
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humanandveterinarydrugs.Smallruminant salescovermostday-to-daycashneedswhilst
thesaleof cattleis limited to majorcashneeds.

Therewasno significantdifferencein householdengagementin non-livestockrelatedactiv-
itiesbetweennewimmigrant andold settlerhouseholds(Table5).

Livestock keeping. Livestockspecieskeptin KGRincludecattle,sheep,goatsanddomes-
tic fowl (chickens,turkeysandguineafowl). Threehouseholdskeptducksandonekept
pigeons).KGRhouseholdsalsokeepsmallruminants,dogsandcats:dogsfor herdingcattle
andcatsfor populationcontrol of rodentsthatcandevastategrainreserves.Cattleaccounted
for 96%of theoverallTLUs.Thecontribution of eachspeciesto theoveralllivestockcapitalin
termsof TLUsisshownin Table6.

Thesurveyundertakenin March2011indicatedmanysub-herdsbeingmaintainedby
KGRhouseholdsoutsideof KGR.Interviewsconductedin JuneandOctober2011differenti-
atedbetweenlivestockkeptin thereserveandoutside.Approximately40%of thehouseholds
sampledin JuneandOctober2011,maintainedcattleoutsideof thereserve.Despitethese
herdsbeingsmallerthanthosekeptwithin thereserve(meanherdsizeoutside74asopposed
to 96insideKGR),thesesub-herdsaccountedfor 23%overallTLUs.

Somehouseholdskeptgoats,chickens,dogsandcatsoutsideof thereserve,thissuggests
homesteadsweremaintainedoutsideof thereserveasthesespeciesarenot transhumant.
Indeed21%of interviewedhouseholdsreportedowning/hiring homesteadsoutsideof the
KGR,of whomhalfwereold settlers.Someof thenewimmigrantsreportedthat their old
homesteads̀hadburnt to ashes' in thepost-electionviolence.Thesè `secondaryºhomesteads
weremostlywithin KadunaState(Kwoi, Birnin Gwari,Anchau,Kafanchan,Kagoro,Zangon-
Kataf,Kachia,FadanKamantan).Someintervieweesreportedowningpropertyin Bauchi,Pla-
teauandNassawaraStates.

Householdsizewaslargerfor newimmigrants,whohadcorrespondinglylargeraverage
TLU (Table7). In June2011,newimmigrantsandold settlershad3.2and2.0TLU percapita
respectively;byOctober2011,bothgroupshadjustover2.5TLU percapita.

Table 6. Livestock and companion animal ownersh ip, June-Octob er 2011.

Categor y No HHs % SUM MEAN SD TLU % TLU

All cattle1 77 100.0 8,919 115.8 123.2 6,243.3 95.7

Cattle within KGR 71 92.2 6,780 95.5 105.7 4,746.0 72.7

Cattle outside KGR 29 37.7 2,139 73.8 90.9 1,497.3 22.9

Sheep2 63 81.8 1,567 24.9 23.0 156.7 2.4

Goats3 54 70.1 922 17.1 26.9 92.2 1.4

Chickens4 74 96.1 3,243 43.8 34.6 32.4 0.5

Guinea fowl5 16 20.8 113 7.1 7.3 1.1 0.0

Turkeys 7 9.1 65 9.3 13.8 0.7 0.0

Dogs6 41 53.2 78 1.9 1.2 NA NA

Cats7 28 36.4 50 1.8 1.1 NA NA

1 Cattle kept within and outside KGR
2 5 HHs(households) kept sheep out of KGR, of which one had no sheep in KGR
3 1 HH kept goats out of KGR (this HH had no goats in KGR)
4 1 HH kept chickens both in and out of KGR
5 2 HHs kept guinea fowl both in and out of KGR
6 5HHs kept dogs outside of KGR, only one HH had dogs both in and out of KGR
7 2 HHs kept cats outside of KGR, only one HH had cats both in and out of KGR

doi:10.1371/journal.pone.0172866.t006
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Livestockcontributeto householdincomeandsubsistenceprimarily throughsaleof cattle
andsmallruminantsto generatecashandthroughtheconsumptionof milk. Discussants
reportedrarelyeatingmeat:

ªwe do not have a taste for meat outside of slaughtering practiced as part of Islamic religious
festivals (Eid elKabir andEid elFitr), and even then we would rather sacrifice a sheepº.

Theeconomicandsocioculturalvalueof cattlein pastoralcommunitiesrangesfrom pres-
tige-making,barteringpotentialor currency,sourcesof foodandlabourandassetsavingor
insuranceagainstdisasters.

In KGR,milk from cattleissoldandor consumed.Thesmallruminantskeptarenot milk pro-
ducingbreeds.Amongthe82%of KGRhouseholdsthatsellmilk, halfof themilk that isproduced
issold,mostlywithin theKGRcommunity.Somewomenwill trek to non-Fulanivillagesand
townsoutsideof KGRto sellmilk andmilk products.KGRinhabitantsarecattle-keepingFulani
andsointernaldemandfor purchaseof milk is low.Mosthouseholdstakemilk to theKGRcen-
tral marketareato selldirectlyto teashops.Womenmakenono (yogurt)andoccasionallywara
(cheese),soldon marketdaysto supplementcashneedsfor cookingingredientsor schoolsupplies
andclothingfor children.Thelackof amilk marketchainwasdescribedasaconstraintby the
community.Respondentsrecalledacompanycalled̀ Milkopal'whichusedto operatewithin the
reserve,collectingmilk directlyfrom householdsanddistributing to communitiesoutside.

Crop farming. Mosthouseholdsinterviewedgrewcropsmostlyfor householdconsump-
tion (Table4).Crop farmingdetailwasinvestigatedduring March2011anddatareferto the
old settlersin thereserve.Themodalareaof landfarmedwas2hectares,althoughsomehouse-
holdsreportedfarmingup to 50hectares.Half of cropfarminghouseholds(51%)soldsomeof
thecropsproducedandon averagereportedselling40%of their produce.Lessthan20%of
householdsreportedgrowingcropsto feedlivestock.

Respondentsrankedtheimportanceof eachcropgrownin termsof subsistenceand/orcash
value.Almostall householdsengagedin cropfarminggrewmaizeandsorghum,whichranked
asthetwo mostimportant crops.Around 70%of householdsgrewsweetpotatoesandyams,
while40±55%of householdsgrewcocoyam,soybean,beans,rice,cassavaandgroundnuts.
Fewerthan30%of householdsgrewmillet. A fewhouseholdscultivatedgingerasacashcrop.

Thenumberof hectaresfarmedwasnot correlatedwith theyearahouseholdmovedinto
thereserve(Pearsoncoefficient= 0.028).Therewasamoderatepositivecorrelationbetween
thenumberof hectaresfarmedandhouseholdsize(Pearson'scorrelationcoefficient= 0.396,
p = 0.003)andbetweenthenumberof hectaresfarmedandTLU perhousehold(Pearson's
coefficient= 0.431,p = 0.001).

Table 7. Househo ld size and livestoc k holdings in the KGR.

June 2011 October 2011

Settlemen t status New Old New Old

Number of HHs 14 24 11 28

Mean HH population 34.6 23.0 31.3 21.9

[21.9–47.4] [17.6–28.5] [15.6–46.9] [18.0–25.9]

Mean TLU kept in KGR 111.6 44.9 77.6] 54.8

[55.5–167.7] [31.4–58.5] [15.4–139.9 [26.1–83.5]

Upper and lower 95% CI in square brackets

doi:10.1371/journal.pone.0172866.t007
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Householdswith themostlivestockassetswerefound to farm themostcrops.Thenumber
of livestockownedandhouseholdsizeareintrinsically linked,astheability to look afterlarge
livestockherdsalsodependson theavailabilityof manpower.Therewasaweakpositivecorre-
lation betweenTLU/capitaandhectaresfarmed(Pearson'scoefficient= 0.150,p = 0.275).

Off-farm income sources. Overhalfof KGRhouseholdshavediversifiedtheir livelihoods
throughoff-farmactivities(Table4),mostciting `businessactivities'asasourceof additional
income.Businessactivitiesincludedowningshopsin Tampol,thetradingcentreof KGR(drug
shops,teashops,aphonechargingshop,amotorcyclerepairshop,ageneralprovisionshop,
maizegrindingserviceandatailor shop).Respondentsalsoreportedengagementin cattletrading
or operatingmotorcycletaxi services.Onerespondentwasaregisteredcontractorof anagro-ser-
vicescompany.Onerespondenthadahousebuilding andanotheracarpentrybusiness.Salaried
employmentwasalsoreported(Table4).Employmentincluded:teacher,busdriver,paramedic/
healthworker,computertechnician,policeman/othercivil serviceroles.Fewerhouseholdscited
engagementin casualwagedlabourbut wherethiswasreportedit consistedof building andagri-
culture-relatedactivitiessuchasweeding,ridging,planting,sowingandploughing.

Mutual assistance. Approximatelyonethird of householdsreceivedmoneyfrom family
memberswhodid not livewithin their homestead(Table4).

Gendered wealth holdings. Womencaninherit cattlefrom their father.Upon thedeath
of ahouseholdhead,hiscattlearedistributedin a2:1ratio betweenhissonsanddaughters.A
focusgroupdiscussantgaveanexample:‘if a HHH has 25 cows, 1 daughter and 2 sons, the
daughter receives 5 and each son 10 cattle.’Women,however,do not hold on to thiscattle
wealthandwill usuallygivetheseanimalsto hersonsandhusband.

Transmissionof cattlewealthto thenextgenerationisalsogenderbiasedbecauseafather
will giveonefemalecalfto anewbornsonbut not adaughter.All subsequentcalvesandherd
growthwill usuallycomefrom thisoneanimal,althoughrelativescansometimesgiveyoung
boysacalf.A 28-yearold discussantreportedthat thepregnantcowhereceivedfrom hisfather
on hissecondbirthdayenabledhim to build up aherd10cows,10bullsand5calves.

Focusgroupdiscussionsrevealedsheeparealsoownedandmanagedbymenbut thatmost
goatsanddomesticfowl arerearedandownedbywomen:‘if a woman has cash needs she can
sell a goat or a chicken’.

Womenarealsoresponsiblefor preparingandsellingmilk andmilk productssuchasnono
(yogurt),fura de nono (yogurtwith millet), nebam (butter)wara (cheese),nyamri (porridge)
andkindirmo (buttermilk). Focusgroupdiscussionswith womenrevealedthathalfof milk
goesto householdconsumptionandtheotherhalf issold.Thecashgeneratedfrom milk sales
ismanagedby thehouseholdhead.

Theonly sourceof independentincomefor womenisderivedfrom women'scrafts.Table4
alsoshowsthatacross23%of households,womenengagedin arangeof activitiesincluding
metalwork(flat pans),mats,soap,foodproducts(beancakesfor saleon marketdays),sewing
anddressmaking.A femaleFGDparticipantelaborated:

ªthis enables us (women) to get some allowance for ourselves to spend on our homes and our
childrenº.

Measures of household wealth status

Association between KGR TLU and other household variables. Theassociations
betweenKGRTLU andkeyhouseholdvariables,wereexploredusinglinearregressionmodels
for all 133householdsin thestudy(N = 133).An initial linearmodelwascreatedwith house-
hold sizeasprimary predictorof householdTLU. Householdsizewashighlypredictivefor
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householdTLU but accountedfor only 28%of thevariationseenacrossthehouseholdssam-
pled.A seriesof additionalvariableswereexploredapplyingastepwise,forward-selection
approachusingtheadjustedR2 andAIC valuesshownin Table8.

Thisanalysisindicated,that in addition to householdsize,thetotalnumberof marriages
(`wives')of theHHH wasasignificantpredictorof householdTLU. On averagefor eachextra
memberof ahouseholdthevalueof its totalTLU increasedby2.0whilefor eachadditional
marriageTLU increasedby15.7(Table9).Blockmembership,avariablelinked to geographi-
callocation,showedmarginalsignificance,but did not demonstrateabetterfit (with adelta
AIC 0.8in themodelbased121householdswith completedata).A scatterplotof TLU values
perhouseholdacrosstheblocks(Fig2) indicateddifferencesacrossblocksandsignificanthet-
erogeneitybetweenhouseholdswithin thesameblock.Block2Bhasthelowestmedianhouse-
hold TLU andisalsothemosthomogeneous.

Additional variablessuchasdateof survey,old settlersversusnewimmigrants,yearsestab-
lishedin KGR,andnumberof buildingsperhouseholddid not improvemodelfit. Theintro-
ductionof various`off-farm'activities:householdengagementin business,salariedwork and
casuallabouror receiptof moneyfrom family membersliving outsideKGRalsodid not
improvethemodelfit.

Categorisation of KGR households in terms of per capita livestock holdings. Theasso-
ciationbetweenwealthin termsof householdTLU for livestockkeptin theKGRandother
keyvariablesindicatedthathouseholdsizewasanimportant variable.TLU percapitawerecal-
culatedandhouseholdswereallocatedinto wealthcategoriesbasedon TLU percapitaasin
[19] (Table10),anapproachto theestimationof wealthstatusthathasalsobeenwidely
adoptedbyotherauthorsfor categorisingpastoralistandagropastoralistshouseholds[20,21].

TherewasastrongrelationshipbetweenpercapitaandoverallhouseholdTLU with alinear
relationshipexplainingaround40%of thevariance(Fig3). Introducingaquadraticterm (also
highlysignificant)improvedrelationshipfit, increasingthetotalamountof varianceexplained
by~10%.Householdswith alargelivestockholdingtendedto havelargelivestockholdings
perperson.Thenatureof this relationshipishowever,morecomplexthanthatproposedby
[20] whopositedamaximum`plateau'at5 TLUspercapita.Here,manyhouseholdsexhibited
aTLU percapitahigherthanthisvalue(Fig3) and50%of thevariationin thisvaluecouldnot
beexplainedin termsof overallhouseholdTLU.

Table 8. Association between TLU KGR and selected variables.

Model Variables included (predict TLU) No Adjusted R2 AIC

1 HH size 133 0.28 1,468

2 HH size and Wives1 133 0.35 1,457

3 HH size, Wives and Location2 133 0.39 1,455

1 Number of times HHH has been married including current, divorced and deceased wives
2 Geographical location of household in reserve as defined by Block number

doi:10.1371/journal.pone.0172866.t008

Table 9. Details for variabl es in the linear regress ion model of factors associat ed with the value of
total TLU.

Variable Coef®cien t 95% CI p-value

HH Size 2.0 [1.4–2.7] �� 0.01

Wives/Marriage 15.7 [7.1–24.3] �� 0.01

doi:10.1371/journal.pone.0172866.t009
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A significantproportion (30%)of householdsin KGRchangeTLU-basedwealthcategory
whencattleoutsideof KGRaretakeninto consideration(Table10).A generallinearmodel
yieldedbetterpredictionswhen`allTLU' wasconsideredastheoutcome.Accordingly,for the
MCA only datafrom 77householdsinterviewedin JuneandOctober2011wereincludedin
theanalysissincethedistinctionbetweenreportedtotalandKGRcattleholdingswasvery
clearlymadein theseinterviews.Only two householdsfell in thelowestandhighestwealthcat-
egories,thesewereput into thenextnearestcategoriesto generatea4-waycategorisationof
wealth.

Association between livestock holdings and other household variables. TheMCA
examinedtheassociationbetweenhouseholdwealthstatusin termsof livestockholdingsanda
rangeof householdvariables(Fig4).Specificcomponentsassociatedwith thecreationof
weightson thefirst two dimensionsaresummarisedin Table11,includinghouseholdsize,
totalTLU athouseholdlevel,numberof marriagesandoff-farm incomesources.While wealth
status(basedon TLU percapita)isshownon Fig4,this isapossibleconsequenceof thefact
that it wasenteredasa'supplementary'variableÐi.e.onethatplaysno part in theunderlying
analysis.

Thefirst two dimensionsof theMCA plot, accountingfor around76%of thevariability
dueto thevariablesincluded,areshownin Fig4.Variablesusedin theconstructionof plot are
detailedin Table11.WealthCategorywasincludedasasupplementaryvariable.Thefirst

Fig 2. TLU values per househ old based on animals kept in KGR, according to the `block' in which the
househo ld was located.

doi:10.1371/journal.pone.0172866.g002

Table 10. Membersh ip of wealth categories based on KGR (KGR only livestock) and total (livestock kept in and out of KGR) TLU per capita.

Wealth category 1 TLU/cap ita1 March 2011 June-Oct 2011 June-Oct 2011

KGR TLU Total TLU

Destitute �� 0.5 2 10 2

Very poor 0.-1.25 6 23 20

Poor 1.25–2.5 23 9 7

Medium 2.5–5 15 23 29

Moderately wealthy 5–10 8 11 17

Wealthy �! 10 2 1 2

Total 56 77 77

1 Based on Potkanski, 1997

doi:10.1371/journal.pone.0172866.t010
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dimensionishighlydependenton thelargestandsmallesthouseholdsizecategories(HH++
andHHÐ) aswellasthesetwo extremecategoriesfor Herd Size(HerdÐand particularly
Herd++).Thedifferencesbetweenthecategoriesof `One'and`Many'wivesalsocontributeto
this first dimension.Sourcesof additionalincomemakealmostno contribution.Thesecond
dimensionisstronglyinfluencedby thesmallerhouseholdsizecategory(HH-) andmoderately
sizedherds(Herd+ andHerd-).Thedifferencebetweenthegroupshavingoneor two wives,
againhasaninfluence,while thosehavingno extrasourcesof income,separatefrom those
with some,or manysourcesof extraincome.The`wealth'categoryclassesarewellseparated
particularlyon theseconddimension.

Fig 3. Relationsh ip between TLU held in the KGR at househo ld level and TLU per capita.

doi:10.1371/journal.pone.0172866.g003

Fig 4. MCA coordina te plot of household characterist ics.

doi:10.1371/journal.pone.0172866.g004
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A clusterisobservedin thetop-leftquadrantconsistingof householdswhicharethelargest
in size,havethemostcattleand,alsohavemanywives(`Cluster1').Conversely,in thetop-
right quadrantwefind householdsassociatedwith verysmallhouseholdsize,with only one
wifeandsmallerherds(`Cluster2').Finally,householdswith smalleroverallhouseholdsize
but with fairly largeherdsandtwo wivesareclusteredtowardsthebottomof thegraph(`Clus-
ter 3').Themoderatelywealthycategoryisstronglyalignedwith Cluster3,whilethewealthiest
classsitsbetweenall theclusters.Theleastwealthyhouseholdstendto alignwith Cluster2.
Householdswith smallerherdsizesandrelativelylargehouseholdswerethosemostengaged
in lookingto sourcesof extraincome.

Geographicallocationwasincludedasasupplementaryvariable.Block2Balignedclosely
with Cluster2,whileBlocks4,5and6 tendedto alignwith Cluster3andBlock1showedsome
alignmentto Cluster1.Theotherblocksshowedno clearorientationandin generaltheinertia
accountedfor byblocklocationwaslimited, indicatingafair degreeof spatialheterogeneityin
termsof thesecategoriesasrepresentedwithin theMCA.

Discussion
Fulanidomesticunitsweretraditionallycomprisedof agnaticlineages:primary kinshipgroups
of 500±1,000persons[22], whosecommonancestorcouldbetracedbackto morethanseven

Table 11. Compon ents associated with first and second dimension s of MCA model.

Dimension 1 Dimension 2

Categor y Range Inertia Co-ord . Contrib. Co-ord. Contrib.

HH size1

HH— [1–12] people 11% 1.707 12% 1.176 6%

HH- [13–18] people 7% 0.386 1% -1.911 23%

HH+ [19–30] people 3% 0.427 1% 0.389 1%

HH++ [�! 30] people 17% -1.789 23% 0.549 2%

Overall for category 37% 38% 32%

Herd size

Herd— [1–20] TLU 6% 1.546 9% 0.509 1%

Herd- [20–45] TLU 4% 0.27 1% 1.321 11%

Herd+ [45–100] TLU 6% 0.443 2% -1.317 16%

Herd++ [�! 100] TLU 17% -2.074 24% 0.363 1%

Overall for category 33% 35% 29%

Number of marriages of HHH

One Only one marriage 13% 1.573 14% 1.558 13%

Two Two marriages 3% 0.179 0% -1.037 12%

Many More than two marriages 8% -1.263 14% 0.338 1%

Overall for category 24% 28% 26%

Off farm sources of income 2

None None of those below 3% 0.092 0% -0.847 8%

Some [Wages, Salary, Business] 1% 0.061 0% 0.556 3%

More More than one of above 2% -0.239 0% 0.666 3%

Overall for category 7% 1% 13%

Figures in bold represent the dominant elements in each category
1 Household size categories were selected so that the household numbers in each group were broadly similar (13 / 19 / 23 / 22 for HH—, HH-, HH+ and HH+

+ respectively)
2 Selected sources were the three which achieved the highest contribution to household rankings.

doi:10.1371/journal.pone.0172866.t011
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generations[23]. Interviewswith theFulanicommunityin KGRshowlittle haschanged.
Householdmembersareentirelydependenton theheadof householdfor economic,physical
andmoralsupportandfor political representationin line with previousdescriptionsof Fulani
households[23,24].Membersof thehouseholdsacknowledgedthat theheadis responsiblefor
managementof theherdingandagriculturaloutput,for thecattleherd'ssafety,maintenance
andreproductiveefficiency.

Within thereserve,50%of HHHs wereagedbetween45and64years,showingno increase
from observationsmadealmost40yearsago[23], althougholderthanrecordedin the1950s
[25,26].Householddemographywasalsolittle changedwith 53%consistingof children,as
comparedto 48%reportedthe1980s[23].

Theaveragereportedhouseholdsizein KGRwaslargerthanpreviouslycited.A meanof 12
individualswaspreviouslycitedfor semi-nomadichouseholdson theJosplateau[23] and
averagehouseholdsizeof 6elsewherein Nigeria[27]. In Senegalesepastoralistcommunities,
anaveragehouseholdsizeof 11wasobserved[28]. In thisstudy,theKGRcommunitydefined
awuro (household)astheextendedhousehold,madeup of multiple `ruga' (homesteads),con-
sistingof acollectionof hutsbelongingto membersof thesamefamily.This is theunit repre-
sentingacattle-owningentity headedby theHHH eventhoughindividual cattlemayin fact,
belongto differentfamily members.Differencesmaybeattributedto interpretationof awuro,
aspreviousstudiesmayhavedefinedhouseholdsasindividual ruga.

In pastoralistcommunities,thelivestockholding(particularlycattle)isconsideredto bethe
nodethat tiesdifferentaspectsof wealthandpoverty[11]. Increasingwealthismorelikely to
beassociatedwith accumulatinglivestockthanincreasingcropping[29] but thereisatendency
to generalisepastoralistsaspoor,pursuinganout-datedlivelihoodstrategywhichgenerates
impoverishment[30]. Theacquisitionof stockandensuringits wellbeinghasbeendescribedas
ameansin itself,ratherthanameansto anend[31]. Althoughlivestock,especiallycattleare
seenasasourceof prestige,this is tightly boundup with their economicfunction.Theyarethe
meansof production,thesourceof both future livestockandof daily incomefrom milk for con-
sumptionor saleandoccasionalincomefrom saleor slaughterof stock.Severalauthorsdiscuss
theimportanceof largeherdsfor securityin timesof drought:`aman who loses one-third of his
stock is much better-off if he begins with 60 cows rather than with 6.' [32], apoint underlinedby
thedemographicmodellingof thetime takenrecoverfrom adroughteventundertakenby [33].
Lastly,whenahardshipstrikesthat isbeyondremedyingby thesaleof smallstock,strikes,the
so-called̀unproductive'or `surplus'animalsaretheonesthatcanbesold.Thesedifferentfunc-
tionsarereflectedin cattlemanagementpractices,asobservedin theKGR[34].

An increasingbodyof evidencedescribesdiversificationin incomesourcesof pastoralpeo-
ples[2, 35,36,37,38].A decreasein householdlivestockholdingsor increasein demandfor
householdinputsisconsideredto favouratransitionfrom pastoralismto agro-pastoralism,
with diversificationof livelihoodbeingregardedasarisk avoidancestrategy,promotingresil-
ienceto theenvironmentalandsocialconditionspushingpastoralcommunitiesinto poverty.
A studyin Kenyareportedthat thepoorestcategoriesof pastoralisthouseholds(thosewith less
than1.0TLU percapita)hadthemostdiversifiedsourcesof incomewhereasthosewith more
than4.5TLU percapitafocussedheavilyon pastoralistactivitiesandavoideddiversification
[30].

Governmentpolicyin Nigeriacontinuesto placeanemphasison reducingFulanimobility
andpromotingsedentarisation.Asdiscussedabove,althoughtheKGRisofficially regardedas
agro-pastoralist,thisstudyclearlyindicatesthat it ispredominantlyapastoralistcommunity.

In thisstudy,only 10%of theKGRFulanihouseholdsstill reliedon livestockastheir sole
sourceof income,significantlylowerthanthe30%observedin arecentstudyof Fulanihouse-
holdson thenearbyJosPlateau[2].
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ThisstudyshowsaclearassociationbetweenhouseholdTLU, householdsizeandthenum-
berof wivesof theHHH. Theassociationbetweenfamily andherdsize,andbetweenprestige,
polygynyandlargefamilieshasbeenpreviouslyreported[39]. Householdswith morepeople
raisemorecattle,andlargercattleholdingscansupportmorepeoplethroughproductionof
milk andcashgeneratedbysales.While it isperceivedthatacow-humanequilibrium exists,at
whichthesizeof thehouseholdandherdfunctionsasaviableunit [33], considerationof TLU/
capitashowsthatKGRpastoralistsareheterogeneous.MCA analysisrevealedthreemain
householdclusters:wealthy,with largenumbersof people,manywivesandbigherds;poor,
with smallhouseholdsize,smallerherdsandonly onewifeandmoderatelywealthy,small
households,moderatelysizedherdsandtwo wives.

Polygamywasregardedin maleandfemalefocusgroupdiscussantsasasocialmarkerfor
wealth,but marriagewasdescribedby themenasbeing`costly',eachbridecomingwith a
`brideprice' (usuallythetransferof animalsfrom thegroom'sto thebride'sfamily).

TakingtotalTLU/capitaasaproxyof wealth,38%thehouseholdsinterviewedin KGRin
JuneandOctober2011wouldbeconsidereddestitute,verypooror poorandafurther 67%
showedsignsof movinginto poverty.KGRhouseholdsarediversifyingtheir incomesources,
involvingotherlivelihoodstrategiesandderivingincomefrom off-farm activitiesincluding:
businessactivities,salariedwork andcasuallabour.Forhouseholdsengagedin cropfarming,
thenumberof hectaresfarmedisdependenton householdsize,asmosthouseholdsrelyon
family labourfor ploughing,seeding,weedingandharvesting.Cropsaregrownfor subsistence
sothat farmingbringsin little additionalcashto thehousehold.Theextentandpatternof
diversificationinto cropfarmingandoff-farm sourcesof incomevaried.Householdsatboth
endsof thewealthscaleweremorelikely to engagein off-farm incomegeneratingactivities
andcropfarming,thanthosein themiddle.Householdswith smallerherdsizesandrelatively
largehouseholdswerethosemostengagedin salariedwork, casuallabourandbusinessactivi-
ties.Thus,householdswith fewerlivestockhadoftenbeenlargelydivestedof their pastoral
livelihood.Thepushout of anomadicpastoralismandpull towardssedentarisationanddiver-
sificationwaseloquentlydescribedbyanelderlyArdo:

“there is no future in sending animals into the wilderness.The future for nomadic pastoralism
is bleak. If we do not learn how to grow crops for our own consumption and forage, the big
farmers with big farms will remain only and nomads will be boxed out of their livelihoods”.

It isbecomingincreasinglydifficult for Fulanimento practicetranshumancein Nigeria.
YoungerFulaniwerelesssentimentaltowardsnomadiclife andmorepragmaticconcerning
incomegeneration.Thereisstill prestigein havinglargecattleherds,but youngerFulaniare
open-mindedaboutcombiningcattleherdingwith othersourcesof income,asoneyoung
manexplained:

“us youngsters are less motivated to have a very large herd, we are happy to get by growing
crops for our families”.

Thepatternof wealth,andincomedistribution,amongAfrican societiesdependenton ani-
malhusbandry,isoneof inequality[40]. Insufficientattentionhasbeenpaidto thedisparities
in livestockownershipandwealthdifferentiation[13,41,42,43].Economicinequalityamong
pastoralists,arisesfrom historicalinternaldynamicsandunequalaccess[44]. It is important to
distinguishbetweenthedistribution of livestockandwealthbetweenhouseholdsandthe
mechanismswhichpreventpermanentinequalities,suchastransferof assetsandlimitations
on herdsizeimposedby family labour[45].
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A geographicalwealthbiaswasobservedin KGRwith oneparticularblockof wealthier,
longestablishedsettlersliving nearthecentralmarketandapoorergroupof settlersliving fur-
theraway,with unfavourableaccessto transhumanceroutesandgrazingreserveamenities.

At inception,thereservewasdividedinto 6 blocks,sprayedwith insecticideanddeclared
tsetse-freeto encouragepastoraliststo settle.While thedivisionof KGRinto blocksisadminis-
trative,theKGRcommunityregardtheblocksasseparateanddistinctentities,referringto
themselvesas`inhabitantsof Block1' or `inhabitantsof Block2'.Earlysettlersestablishedhold-
ingsin Blocks1and2A,perceivedto havethebestland,thebestaccessto transhumanceroutes
andbebestservedin termsof infrastructure.Inhabitantssettledaccordingto clansandnew
familieswill settlecloseto relativesof thesameclan.In thisstudy,Blocks1 and2A contained
manyprosperoushouseholdsandwereinhabitedbyalargeproportion of `firstsettlers',
referredto asthe`community elite'. Theyareregardedasthewealthiestmembersof theKGR,
with largecattleherdsandmanywives;consideredto havesupremacyovertherestof the
KGRcommunity,andexercisepowerby living in themostadvantageouslocation.Mostcom-
munity leaders,including theDistrict Head,thechiefor representativeof KGRdistrict, live in
theseblocks,asdescribedbyonerespondent:

“our fellow herdsmen who have been here the longest were from wealthy clans and were able to
maintain or to build up their herds better than those that came after”.

Theseblocksnowenjoyaprime locationnextto themainaccessroadfor KGR,proximity
to themarket,schoolsandotheramenities(including healthcare),wateraccess(boreholes
anddams)andrelativelylargestretchesof clearedwoodlandfor cropfarming.Block2A is
consideredurbanin characterandtheheartof theKGRcommunity.

In contrast,householdsin Block2Barelocatedalongapoor roadleadingto theKaduna
River.Householdsin Block2Bareregardedasthepoorestmembersof theKGRcommunity
typicallyhavingsmallcattleherds.Thesecommunitymemberslive in themostinaccessible,
inhospitableandremotepartof thereserve,in partdueto membersbeingof a`poor'clanand
byvirtueof their poverty.Thisareais furthestawayfrom thetranshumancecorridor, making
it difficult to takecattleout of thereservefor grazing.Proximity to theriver presentsahigher
risk of trypanosomiasisin cattle,confirmedbyarecentepidemiologicalsurvey[46]. Keeping
herdscloseto wateringpointsor hydrologicalnetworkshaspreviouslybeenidentifiedasarisk
factorfor trypanosomiasisin KGR[47]. Theopinionsandattitudesof individualsin thecom-
munity reflectedthesedifferences:

“if we go round the Fulani settlements in the KGR we will observe that not every Fulani house-
hold is endowed with a large cattle herd, as wealth of animals is something God gives to whom
he will”.

Heterogeneitywasobservedbetweenold settlerandnewimmigrant households.House-
hold andherdsizefor thenewimmigrantswhosoughtsanctuaryin KGRduring thepolitical
clashesin May2011,weresignificantlylargerthanobservedfor theold settlers.Almostall
herdsof over300cattlebelongedto newimmigrants.Onesuchhouseholdowned1,500cattle,
80sheep,2,000chickensandcomprised277people(aTLU/capitaof 3.89placingit in a
mediumwealthcategory).TheHHH hadbeenmarried5 times.Thereasonfor newimmi-
grantshavinglargerherdsandhouseholdswasexplainedbyKGRinhabitantsasbeingaresult
of bettergrazingconditionsin theareasin whichthesehouseholdshadbeenliving previously:
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“when the new immigrants fled from the violence they had to bring all their animals with them
and their herds are larger than the ones we are used to here because of the abundant grasses in
their places of origin as compared to the limited grazing available in KGR”.

In responseto alackof grazingin thereservearound40%of householdsalsostill adhered
to thetraditionalpracticeof takingtheir KGR-basedherdson transhumanceat leastoncea
year,takingcattlenorth during thewetseasonandsouthduring thedry seasontravelling
between40±80km and20%of householdsseekpasturewithin 20±30km of thereserve.Some
40%of KGRhouseholdsalsomaintainedpermanentsub-herdsoutsideof thereserve[11,34].

Thesmallerherdsizesmaintainedbyold settlersmayberelatedto thelevelof sedentarisa-
tion. Herdsthatmovedlongerdistancesbetweenseasonsweremuchlargerthanherdsthatdid
not moveor movedonly shortdistances.Herd ownerssettledin thereservefor ashorter
periodhadconsiderablylargerherdsizesthanthosewhohadbeenin their presentsettlement
for longeraspreviouslyreported[8]. Herd sizeslowlydecreasedoverthefirst 10yearsof settle-
mentin thereserve,afterwhichperiodherdsizesreducedsharply.ByOctober2011,house-
holdsin thereservereportedhighvolumesof salesindicatingthat residents,in particularthe
newimmigrantsweredivestingthemselvesof someof their animals.

In thecurrentclimateof political instability,reducedopportunitiesfor herdmobility and
pooraccessto pasture,manyKGRresidentsbelievethatashift from apurelypastoralto aninte-
gratedcattlerearingandcropfarmingsystemisawayin whichKGRhouseholdscanbecome
moreresilient.Theearlysettlers,regardedastheeliteandwealthiestmembersof thecommu-
nity owetheir successto their ability to embracecropfarming:‘when the early settlers decided to
move here, they had to move with their dependents who did not have herds of their own, this stimu-
lated them to go into crop farming as a way of reducing pressure on the needs of the household’.

Povertyin KGRisattributedbycommunitymembersto thedeclineof cropfarmingwithin
KGR,theresultof anincreasingcattlepopulationandtheconstraintof not havingenough
skilledlabour:`outsideKGR where there are other settlers you have the privilege of hiring labour
to work on your farm.The people in KGR are Fulani whose expertise is animals, not farming, and
other tribes do not come in here’. Thesolution,accordingto thecommunity,isnot to co-habit
with othercommunitiesbut for theFulanimanto developthetechnologicalknow-howand
skillsto growcropsfor hisfamily andforagefor hisanimals.

The ‘Lawol-Bote’ dairyproducers,adairycooperativein KGR,alsohadsomeveryclear
ideasabouthowthecommunityneedsto adaptto changingeconomicconditions.Their opin-
ion is that fodderbanking(cultivationof highyieldinganddroughtresistantpasturecrops
whicharethenstoredandfedto cattleduring thedry season)isoneof thewaysto facethecur-
rent challenges.Thissentimentwassharedby thencurrentKGRProjectOfficerandStaterep-
resentativeof thereserve:‘we need the enlighten pastoralists on constant movement with
animals and teach them how to make fodder banks’.

Thepresidentof thecooperativealsoreportedowningbullsof Friesianbreed,whichare
crossedwith thelocalWhite Fulanifemalesto produceacrossbreedwhichcanproducemore
milk whilst remainingadaptedto localconditions.Shiftingto asystemfocusedon milk pro-
duction throughgeneticbreedimprovementwasperceivedasapotentialrouteto dairyspe-
cialisationasawayof increasingresilience,but thisneedsto beimplementedin parallelto
organisedmilk collectionschemesandinfrastructureprovision(refrigeratedbulk milk tank,
vehiclesto transportmilk to milk processingplant).

TheNLPD(NationalLivestockDevelopmentProject,Federalgovernment)is focusedon
reducingthenumberof animalsandincreasingtheir productivity to reducecompetitionfor
limited resourcesandnegativeimpactson theecosystem,thusit ispromoting intensification
andspecialisationof cattleproduction.Thefederalgovernmentrecognisesthat `the state needs
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to do a lot more as the infrastructure of grazing reserves is decaying and cannot accommodate the
increasing cattle population’. GovernmentalneglecthasencouragedFulanito establishcooper-
ativesthatcampaignandseekfundsto promoteFulaniinterests.

Onesuchcooperativein theKGRisawoman'smilk cooperativecalledthe`riseof dawn',
formedto improvemilk marketingopportunitieswithin theKGR.During aFGD,its female
membersmentionedthatacompanycalled`Milkopal' from Kadunausedto collectandpur-
chasethemilk producedby thecommunity.Unfortunatelythisschemecollapsedandafter
yearsof waitingfor thestateto replaceit, thewomentook their fatein their ownhandsand
securedfundsaspartof theKadunaAgriculturalDevelopmentProject.Thisprojecthasbuilt a
refrigeratedbulk milk tank in Tampol,to improveopportunitiesfor milk marketing.In the
absenceof acomplementarymilk collectionschemeto takethemilk outsideof theKGRto
areaswheredemandishigh,theimpactof thisschemeisuncertain.

Conclusion
While cattleremaintheprincipalsourceof Fulaniincomeandwealthin KGR,inhabitantsof
thereservehavediversifiedtheir livelihoodstrategiesin responseto their changingcircum-
stances.Therewasaclearassociationbetweencattleholdings,numberof marriages,house-
hold size,andoverallwealth,with no taperingof livestockholdingsperpersonto athreshold.
A geographicalwealthbiaswasalsoobserved,with wealthier,longestablishedsettlersliving
nearthecentralmarketandapoorergroupof settlersliving further away,with unfavourable
accessto transhumanceroutesandgrazingreserveamenities.

Thelimited availabilityof grazingwithin thereserveandcontinuingpolitical insecurity
outsideof thereservearestressingpastoralistcommunities,resultingin themaintenanceof
smallerlivestockholdings,pushinghouseholdsinto povertyandincreasingdiversification.
Proposedstrategiesfor further adaptationto changingeconomicconditionshaveincluded
fodderbankschemesandshiftingto amoredairybasedeconomy(increasedmilk production
capacitythroughgeneticimprovementof cattle)andthesehavebeenexploredto someextent
in theKGR.Thefutureof theKGR'sestablishedresidentsandits newimmigrantswill ulti-
matelydependon their resilienceandability to adaptasalreadyevidencedby their existing
adoptionof amix of livelihoodandcattlemanagementstrategies.
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