
 

 

Thisstudywasundertakenwiththeobjectiveofcomparingbodycolourandmorphometriccharacteristics of 
indigenous cattle populations in Ukerewe and Bunda Districts located in the LakeVictoria basin area 
of Tanzania. A total of 169 adult cattle selected randomly from the study 
areawereexaminedforcolourandmorphometriccharacteristicsandthentakenlinearbodymeasurements. 
Majority of the cattle had plain colour pattern (63.8% in Ukerewe and 67.4% 
inBunda).PredominantcoatcolourinUkereweandBundaDistrictswereblackandbrown,respectively. A 
considerable proportion of cattle in this study had small sized dewlaps and navelflaps.Ukerewe 
cattle population had significantly (P < 0.05) bigger heart girths and very 
highlysignificantly(P<0.001)shorterhornsthanBundacattle.Therestofthephysicalbodymeasurementsa
ndallexternalbodyappendagesshowedinsignificant(P>0.05)differencesbetweenthetwostrains.Withthe
exceptionofearlengthandmuzzlecircumference,all 
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1. INTRODUCTION 

Tanzania Shorthorn Zebu (TSZ) is the 
dominantand widely spread indigenous breed of 
cattle inTanzania. It belongs to the Small East 
AfricanShorthorn Zebu group of African cattle [1], 
whichare said to be preferred by smallholder 
farmersduetotheirabilitytotoleratediseasesandrigo
roustropicalenvironment[2-3].Descriptstrains 
under the TSZ breed include the 
Maasai,MkalamaDun,SingidaWhite,Mbulu,Gogo,
Chaga, Iringa Red, Tarime and Pare [4]. 
Over80%ofTSZcattlearekeptbysmallholderfarmer
sundertheagro-pastoralproductionsystem[5,6-
7].Despitetheirlowproductioncoefficients,theyhav
ebeenservingcommendablyasasourceofincome,f
ood,draught power, transport, hides and manure 
[5,7-8]. Further, they act as a form of insurance 
andaccumulationofwealth.TanzaniaShorthornZeb
u cattle are also considered to be a 
valuableanimalgeneticresourceforbreedingwellad
aptedanimalsundertropicalproductionenvironmen
ts[6]. 

EfficientutilizationofTSZcattlepopulationsdepends 
on accurate knowledge of their 
uniquecharacteristics that differentiate them from 
otherpopulations[9].Knowledgeofmorphometricva
riation is useful for making inferences 
aboutfarmers’rolesintheevolutionofTSZcattlemorp
hologicaldiversity,landscapefitnessandadaptation
[10-
11].Colourcharacteristicshavewidelybeenusedbyf
armerstodefinecattlebreeds [12] and are useful 
for cattle 
identificationinsituationswherepermanentidentific
ationofindividual animal is impractical [11, 13]. 
Likewise,bodymorphometrictraitsareusefulforiden
tificationofbreedqualitiesrelevanttofarmingcommu
nityutility needs[11,14]. 

Studiesofindigenouscattleonmorphometricdiversit
yindifferentagro-
ecologicalzonesconstituteaninitialstepinconservat
ionofgenetic resources and can be a basis for 
geneticimprovementprograms[15].Determiningwh
etherornotanon-
descriptpopulationisdistinguishablefromneighbou
ringonesonthebasisofidentifiableandstablephenot
ypic 

characteristics,thatmightwarrantitbeingdistinguish
ed as a separate population is one 
oftherolesofphenotypiccharacterization[13].Howe
ver,largeproportionofindigenouscattlepopulations
oftheAfricancontinent,whichharbors an important 
part of global cattle geneticresources are yet to 
be described [8, 16]. 
ThisappliestoTSZbreedassomeofitssub-
populationsarestillnon-
descriptincertainlocations[17]. 

Thesub-
populationofcattleintheIslandsofLakeVictoriainclu
dingUkereweDistrictconstituteoneofthenon-
descriptpopulationsdeservingpriorityforcharacteri
zation.Thisisbecause under the isolation, it might 
be amongtheTSZsub-
populationsmaintainingoriginalblood while also 
being subjected to the risk ofbeing easily 
genetically differentiated, inbred orlost through 
limited random mating (Wahlund’seffects), 
epizootics, famine and civil strife 
[18].ThenearestoffshorelocationfromUkerewecattl
e is Bunda where TSZ cattle are also found.The 
present study compared morphometric 
andphysical characteristics of the indigenous 
cattlepopulations in 
UkereweandBundaDistrictssoas to assess the 
differences between TSZ cattlefrom the two 
Districts. The objective of this studywas to 
investigate if the cattle in Ukerewe 
Districtrepresent a strain different from the TSZ 
strain inBunda. 

2. MATERIALSANDMETHODS 

2.1 StudyArea 

ThisstudywasconductedinUkereweandBunda 
Districts located within the Lake VictoriaBasin 
area in Tanzania (Fig. 1). Ukerewe 
DistrictisanislandinLakeVictorialyingbetweenLong
itudes 31o 30' and 32o 5' East of 
GreenwichandLatitudes1o30'and2o20'Southofthe
Equator.TheDistrictcoversanareaof6,400km2and 
has a mean altitude of 1,410 m 
abovesealevel.Themeanannualtemperatureandra
infall in Ukerewe District are 24.5oC and 
1,350mm,respectively.TheDistricthasahumanpop
ulation of approximately 387,815 people 

measurements were positively and highly (P < 0.01) correlated with the body weight estimated 
fromheart girth. Thus, the strains under the study differed remarkably in phenotype. 
Geneticcharacterisation of the strains using molecular techniques is recommended in order to 
establish iftheycouldhaveacommonorigin. 
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(UkereweDistrictAdvisor,2022).Themainproductio
n system for cattle is tethering and thedominant 
vegetation cover is closed shrub-
land.BundaDistrictliesbetweenLongitude33º30 ꞌ 
and34º5 ꞌEastofGreenwichandLatitude1º30 ꞌ  
and2º45 ꞌSouthofEquator.Itissituatedatan altitude 
of 1,300 m above sea level and has 
atotalareaof3,088km2.Themeanannualrainfall 

and temperature in Bunda District are 940 
mmand 28.5ºC, respectively (Bunda District 
Advisor,2022). The human population in the 
District isestimated at 250,050 people and the 
number 
ofcattleisestimatedat221,000(BundaDistrictAdvis
or, 2022). The dominant vegetation cover 
inBunda District is grassland and cattle are 
mainlyextensive grazed. 

 

 
 

Fig.1.AmapofUkerewe andBundaDistrictsshowingthestudyarea 
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2.2 SamplingandDataCollection 

 
Inordertoattainwell-representedandmeaningful 
information from different ecologicalzones, a 
purposive sampling procedure using amulti-stage 
process was employed to select 
thestudydivisions,wards,andvillages.Thissamplin
gapproachwasusedtoidentifytwostudy divisions in 
each district. For each divisiontwo wards were 
selected and for each ward 
twovillagesweresampled. 

 
For each sampled village, households which 
hadbeen keeping indigenous cattle for at least 
10yearsagowereidentifiedandenlistedintoasampli
ngframefromwhichatotalof46households (23   per   
District) 
wererandomlyselected.Atotalof169adultcattleage
d more than four years old in their 
naturalenvironment were randomly picked from 
amongthe sampled household herds for 
examination 
ofcolourandmorphologyandtakinglinearmeasure
ments. 

 
Colour traits that were examined include 
colourpattern, coat colour, skin colour, muzzle 
colour,eyelidcolourandhoofcolour.Morphologicale
xamination covered hornshape, dewlap 
size,andnavel-
flapsize.Thefollowinglinearbodymeasurementswe
retaken;heartgirth(HG),bodylength(BL),withershei
ght(WH),hornlength(HL),earlength(EL),muzzlecir
cumference(MC),hockcircumference(HC)andtaill
ength(TL).Alllinearbodymeasurementsweretaken
accordingtotheprocedure described by [13] and 
recorded to thenearest 0.5 cm. Measurements 
were done in 
themorninghoursbeforeanimalsweretakenforgrazi
ng. District profile information was 
obtainedassecondarydatafromrespectiveDistrictA
griculture and Livestock Development 
Offices.ThisstudywasapprovedbytheResearchEth
icalCommitteeofSokoineUniversityofAgriculture. 

 
2.3 DataAnalysis 

 
Descriptive Statistics ofSPSS (2006) 
wasusedintheanalysisofqualitativedatainordertog
enerate frequencies and percentages of 
specificvariablesbyDistrict.  Crosstabs  
procedurewas used to test for the existence of 
associationbetweenthevariablesandDistricts.Line
arbodymeasurementswereanalysedusingtheGen
eral Linear Model (GLM) procedures of 
SAS(2000).Statisticalsignificancewasacceptedat
P< 0.05. 

3. RESULTS 
 

3.1 ColourCharacteristics 
 

The majority (63.8% in Ukerewe and 67.4% 
inBunda) of indigenous cattle in this study 
wereobservedtohaveaplaincolourpattern(Table1).
Predominant coat colours in Ukerewe and 
BundaDistricts were brown and black, 
respectively 
(Fig.2).PredominanceofblackcolourtypeinUkerew
ewasobservedalsoinskincolour(58.8%),muzzlecol
our(65%),eyelidscolour(63.8%)andhoovescolour(
60%).InBundaDistrict, brown colour type 
predominated as 
skincolour(59.6%),muzzlecolour(60.7%),eyelid 
colour(57.3%)andhoovescolour(60.7%).Therewa
shighervariationincoatcolourinUkerewe than in 
Bunda District. Additionally, 
intheformerDistrictmorecolourvariants(grey,crea
mandwhite)wereobservedandthepredominantbla
ckcolouroccurredatalowerfrequency (26.2%) than 
the predominant 
browncolour(41.6%)inBundaDistrict.Withtheexce
ptionofcolourpatternallthecolourcharacteristicsstu
diedwereassociatedsignificantlywithlocation. 

 
3.2 MorphometricCharacteristics 

 
Majority of cattle in this study had curved 
horns(Table 2). Bunda District had a higher 
proportion(97.8%) of cattle with curved horns 
than 
UkereweDistrict(63.8%).Aconsiderableproportion
ofcattle in this study had small sized dewlaps 
andnavelflaps.Therewasveryhighlysignificant(P 
<0.01)associationbetweenhornshapeandDistricts
. The same wasalso true for Districtsand navel 
flap size. Cattle in Ukerewe Districtwere found to 
have significantly (P < 0.05) 
higherandsmallerHGmeasurementandHL,respect
ively, than those in Bunda District (Table3). 
Further, it was found that the mean values forHG 
and HL were found to be significantly 
higherinmalethanfemalecattle. 

 
The results for the partial correlations among 
thevariousphysicalbodymeasurementsarepresent
ed in Table 4. In all cases the 
correlationswerepositive.Bodyweightandheartgirt
hcorrelated significantly (P < 0.01) to all 
physicalbodymeasurementsexceptearlengthand
muzzle circumference. Among the physical 
bodymeasurements under thestudy, 
withersheightcorrelated significantly (P < 0.01) to 
all exceptbody length which correlated 
significantly (P <0.05) to all the 
physicalmeasurementsexceptearlength,muzzlecir
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Table1. Distributionandassociationofcolourcharacteristicsincattleexaminedat 

UkereweandBundaDistricts 
 

Characteristic Ukerewe  Bunda  
 n % n % 

Colourpattern:     

Shaded 9 11.2 9 10.1 
Plain 51 63.8 60 67.4 
Patchy 15 18.8 14 15.7 
Spotted 5 6.2 6 6.7 

 X2(df=3)=0.4ns    
Coatcolour:     

Brown 18 22.5 37 41.6 
White 4 5 15 16.9 
Black 21 26.2 3 3.4 
Grey 4 5 0 0 
Cream 4 5 5 5.6 
Brownandwhite 16 20 20 22.5 
Creamandwhite 1 1.2 0 0 
Brownandblack 5 6.2 5 5.6 
Blackandwhite 7 8.8 4 4.5 

X2(df=11)=36.2*** 

Skincolour:     

Black 47 58.8 36 40.4 
Brown 33 41.2 53 59.6 

 X2(df=1)=5.7*    
Muzzlecolour:     

Black 52 65 35 39.3 
Brown 28 35 54 60.7 

 X2(df=1)=11.1**    
Eyelidcolour:     

Black 51 63.8 38 42.7 
Brown 29 36.2 51 57.3 

 X2(df=1)=7.5**    
Hoofcolour:     

Grey 48 60 35 39.3 
brown 32 40 54 60.7 

 X2(df=1)=7.21**    
Note: n=number of observations; df=degrees of freedom; *=significant at P < 0.05; **=highly significant at P 

<0.01;***=veryhighlysignificantatP <0.001; ns=not significantatP ≥0.05 
 

circumference. Ear length correlated 
significantlyto muzzle circumference and hock 
circumferenceand non-significantly (P > 0.05) to 
horn 
lengthandtaillength,whilehornlengthcorrelatedsig
nificantly (P < 0.05) to muzzle 
circumferenceandhockcircumferenceandnon-
significantly(P 
<0.05)totaillength.Taillengthcorrelatedsignificantl
y (P < 0.05) to muzzle 
circumferenceandhockcircumference.Therewasal
soasignificant (P < 0.05) correlation between 
muzzlecircumference andhock circumference. 

 
4. DISCUSSION 

 
The frequency distribution of coat colour 

patternobservedinthisstudysuggeststhatacrossthe 
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study area cattle herders prefer plain 
colouredcoats and have possibly been selecting 
for 
thetrait.Thisisbecausemostlocalcommunitieskee
ping cattle have preferences for coat 
colourpattern [13]. With regard to colour type, 
Ukerewecattle can be distinguished from Bunda 
cattle byhigh diversity and predominance of 
black colour.Dominance of brown as a colour 
for body coat,muzzle and hooves in Bunda as 
opposed to 
thatofblackinUkerewewaspossiblyaresultofintrog
ression from west by the brown colouredAnkole 
cattle. The predominance of brown as 
acolourformuzzlesandhooves,whichwasobserve
d in Bunda cattle in this study was alsoreported 
in Tarime cattle by Chenyambuga et 
al.[19].ConsideringthatBundaandTarimearein 
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vicinity,theresultssuggestthatthecattlein 
BundawerealsoofTarimestrain. 

 
Of the external body appendages under 
study,horn shape and navel flap size have shown 
todiffer significantly between Ukerewe and 
BundaTSZ. Since the two traits are highly 
heritable thenthese results suggest that the 
Ukerewe and theBunda TSZmight differeven at 
geneticlevel.Thegeneticdifferenceismostlikelydue
todifferential artificial selection that 
hashappenedinthetwolocationsoveralongtime.Itis
apparent from the results of this study that 
therewerenodifferencesbetweenUkereweandBun
daTSZwithrespecttothesizesoftheirudders,dewlap
s,testiclesandprepuces.Thepredominant 
occurrence of small sized udders,dewlaps, 
testicles and prepuces is a well-
knowncharacteristicofthesmallsizedTSZbreed.Re
sults on udder size observed in this work 
aresimilartothosereportedbyChenyambugaetal. 
[19]forTarimecattle. 

 
From the results of this study, it is apparent 
thatofallthephysicalbodymeasurementsconsidere
d in the study only body weight, 
heartgirthandhornlengthdifferbetweenUkerewean
dBundaTSZcattle.Thedifferencesin 

performancebetweenthetwoTSZsub-
populationswithrespecttobodyweightandheart 
girth are in part due to differences in 
healthstatusanddegreeofactivityoftheanimals.The
se two factors might have influenced heavierand 
deeper bodies for Ukerewe TSZ than BundaTSZ. 
Since the animals in Ukerewe are tetheredand 
are not used for draught power, they mayalso 
tend to be healthier with lower degree ofactivity 
than those in Bunda which graze and areused for 
draught power extensively. It is also afact 
thatinBundaTSZfarmerscastratedfastgrowing 
male animals for use in draught powerand in that 
way selected for slow growth rate andhence 
smaller mature weight than in 
UkerewewhereTSZfarmersdon’tselectfordraughtp
ower. Bunda TSZ cattle are considered to 
havedevelopedlonghornsalsoasaresultofintrogres
sion from the long-horned Ankole cattle.The TSZ 
subpopulations in the two locations 
didnotdifferwithrespecttobodylength,muzzlecircu
mference,hockcircumference,taillengthand 
withers height. Mean values for body 
lengthandwithersheightobtainedinbothofthelocati
ons were lower than those of the Iringa 
RedreportedbySungael[20]andthoseofKambaand 
Maasai zebu reported by Mwacharo et 
al.[21].ThissuggestsfurtherthattheTSZcattlein 

 

 
 

Fig. 2. Photographs of Tanzania Shorthorn Zebu from Bunda (A) and Ukerewe 
(B)Districts 
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Ukerewe and Bunda are relatively small sized. 
Itis probable that the TSZ cattle in Ukerewe 
andBunda acquired small body sizes in 
adaptation 
torelativelyhotclimaticconditionoftheregioncovere
d in the study. The mean values for earlength in 
both Ukerewe and Bunda were largerthan those 
reported by Sungael [20] for 
IringaRed.Thisagainsuggestssomeadaptationtore
lativelyhotclimaticconditionoftheregioncovered in 
the study. It is contended that 
largesizedearswouldenhancebodyheatdissipation
. 

Theobservedsignificantdifferencesbetweenmales 
and females with respect to body weight,heart 
girth and horn length are consistent 
withfindingsfrommanyothersimilarstudies.Accordi
ngtoMwacharoetal.[21],thedifferences are 
attributed to sexual 
dimorphism.Thisisnormallyassociatedwithdifferen
cesincellnumberandhormonalbalanceswhichinma
mmals are well known to promote larger 
bodysizesinmalesthanfemales.Thesignificantinter
action between sex district can be explainedby 
the existence of larger sex effects on 
bodyweight, heart girth, and horn length in 
Ukerewethan in Bunda. This is because in 
Ukerewe 
bullsarenotusedfordraughtpowerandtheytherefor
e tend to be thicker-bodied than those inBunda. 

 
Within Ukerewe and Bunda there are 
remarkableenvironmentaldifferencesbetweenvilla
gestowhichareattributedtheobserveddifferencesb
etweenvillagesinphysicalbodymeasurements.Fori
nstance,inUkerewe,theclimateinthewesternpartis
cooler andforage is 

denser than in the eastern part. Therefore, 
theTSZcattleinvillagesfoundinthewesternpartareo
nahigherplaneofnutritionthanthose in the eastern 
zone and consequently theytend to be in better 
condition than those in 
theeasternpart.InBundatheplaneofnutritiondecrea
sesandcattleconditiondeterioratesasonemoveaw
ayfromthelakeshore.Thisisbecause forage 
biomass density decreases andstocking 
rateincreases with distance fromthelake. 

The observed highest correlation between 
heartgirth and body weight in this study is in line 
withfindings by Kashoma et al. [22]. This also 
appliesto correlation of body weight with withers 
heightandbodylength,apointwhichwasalsoobserv
ed by Mwacharo et al. [21]. Based on 
itscorrelation with body weight, body length 
seemsto be the second best estimator of body 
weightafter heart girth.Correlation between horn 
lengthandbodyweightobservedinthisstudywassig
nificantbutlowerthanthatreportedbyKugonza et al. 
[10] for Ankole cattle. This 
maysuggestcorrelationbetweenbodyweightandho
rn length increases as horn length 
increasesacross cattle types. It was also 
observed in thisstudy that hock circumference 
and tail length 
aremoderatelycorrelatedtobodyweightinthepopul
ation under the study. This indicates thatthese 
two linear measurements are fairly 
goodpredictors of body weight. However, from 
theirinsignificant correlations to body weight, 
muzzlecircumferenceandearlengtharenotgoodpre
dictorsofbodyweightforUkereweandBundaTSZ 
cattle. 

 

Table 2. Distribution and association of appendages characteristics in cattle examined 
atUkereweand BundaDistricts 

 
Trait Ukerewe  Bunde  

 n Percentage n Percentage 
Hornshape     

Curved 51 63.8 87 97.8 
Straight 29 36.2 2 2.2 
X2(df=1)=32.51*** 

Dewlapsize     

Small 52 65 65 73 
Medium 23 28.8 19 21.3 
Large 5 6.2 5 5.6 
X2(df=2)=1.4ns     
Navelflapsize     
Small 58 72.5 78 87.6 
Medium 22 27.5 11 12.4 
X2(df=1)=6.2*     

Note:n=numberofobservations;df=degreesoffreedom;*=significantat P<0.05;***=veryhighlysignificantatP 
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<0.001;ns=notsignificantatP≥0.05 
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Table3.Leastsquaremeans±SEforlinearbody measurements incattleexaminedatUkerewe andBundaDistricts 
 

Factor HG WH BL EL HL MC HC TL 
 (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) 
Location         

Ukerewe 138.0±1a 105.0±1a 108.00±1.3a 18.0±0.3a 12.1±0.84a 40.40±0.8a 30.6±0.35a 72.8±1a 

Bunda 135±0.96b 104.04±1a 108.00-±1.2a 18.5±0.3a 21.3±0.79b 38.34±0.7a 31.2±0.33a 70.6±1a 

Significance * NS NS NS *** NS NS NS 
Sex         

Male 139.0±0.8a 104.00±0.8a 110.00a 18.0±0.2a 19.3±0.66a 38.6±0.6a 30.7±0.3a 72.4±0.76a 

Female 134.0±1.2b 105.0±1.2b 106.00±1.6b 18.3±0.34a 14.1±0.94b 40.16±0.87a 31.1±0.4a 71.0±1a 

Significance ** NS NS NS *** NS NS NS 
Note: Within a column least square means with different superscripts differ *=significantly (P < 0.05); **=highly significantly (P < 0.01); ***=very highly significantly (P < 

0.001);NS=notsignificant(P ≥ 0.05) 



377 

 

 

 
Table4.Partialcorrelationcoefficientsandsignificancelevelsamong 

variousphysicalbodymeasurementsof TSZcattleinUkerewe and 
Bunda 

 
Traits BW HG WH BL EL HL MC HC TL 
BW  0.97*** O.29*** 0.44*** 0.02ns 0.23** 0.11ns 0.33*** 0.38*** 
HG   0.29*** 0.45*** 0.02ns 0.21** 0.12ns 0.33*** 0.41*** 
WH    0.07ns 0.22** 0.23** 0.42*** 0.45*** 0.29*** 
BL     0.11ns 0.36*** 0.13ns 0.1ns 0.17* 
EL      0.07ns 0.4*** 0.15* 0.1ns 

HL       0.19* 0.21** 0.1ns 

MC        0.45*** 0.22** 
HC         0.22** 
TL          

Note: * significant at P < 0.05; ** highly significant at P < 0.01; *** very highly significant at P < 0.001; ns 
notsignificantat P>0.05.BW=Matureweight;HG=heartgirth;WH=withersheight;BL=bodylength;EL= 

earlength;HL=hornlength;MC=muzzlecircumference;HC=hockcircumference;TL=taillength 

Thecorrelationresultsobservedinthisstudybetwee
n body weight and ear length are 
contrarytothosereportedbyKugonzaetal.[10]whor
eportedsignificantcorrelationbetweenbodyweight
andearlengthinAnkolecattle.Thedifference is 
probably due to breed differences.The 
correlations between withers height and 
earandhornlengthobservedinthisstudyagreewithth
osereportedbyKugonzaetal.[10]forfemalesbutnotf
ormales.Probablythisisbecause in the sample 
population cows 
(whichconstituted67%)werepredominantlymanym
orethanbulls(whichconstituted33%)bynumber. 
The significant correlation between bodylength 
and horn length observed in this study is 
aresultwhichdiffersfromtheinsignificantcorrelation
betweenthelinearmeasurementsthat was 
reported by Kugonza et al. [10]. 
Thismayalsobeduetobreeddifference.Theobserva
tion that there is insignificant correlationbetween 
body length and ear length is similar 
towhatwasobservedbyKugonzaetal.(10)despiteth
ebreedsbeingdifferent.Sinceearlength,hornlength
andtaillengthwereallobserved to be significantly 
correlated to 
muzzlecircumferenceandhockcircumferenceinTS
Zcattle in the area of study then the former 
threemeasurementscanbeusedtoestimatewithrea
sonableaccuracythelattertwomeasurements. 

 
5. CONCLUSION 

It has been found that the Ukerewe TSZ 
straindiffersremarkablyfromtheBundaTSZstrainwi
thregardtoanumberofstandardmorphological,colo
urandperformancetraits.Coat colour tends to be 
more frequently 
blackwhereasheartgirthandhornsizetendtobebigg
erinUkerewe  than  
inBunda.Inordertoestablishifthetwostrainscouldha
veacommon 

origin, there is the need to undertake 
advancedcharacterisationwithacloserlookatthediff
erenceshighlightedinthisstudy.Thatwillneed the 
use of more sensitive tools so as toanalyse the 
differences more precisely. 
Geneticcharacterizationinvolvinguseofmoleculart
echniques is recommended in order to 
establishifthey couldhaveacommonorigin. 
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