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Applicati i

trgiptsir??:c?i 0: path t:_oefﬂ.uent analysis in assessing the relationship between growth-related
9enous Nigerian sheep (Ovis aries) of Niger State, Nigeria

S. Egena', D, Tsado, P, Kalo, A. Banjo, M, Adisa-Shehu-Adisa

Depanty i : o
Pantment of Animg) Production, Federg University of Technology, P.M.B 65, Minna, Niger State, Nigeria

Atis tfa ct fnargeqous Nigerian sheep raised under extensive management were evalualed vi
measurement traits thereby deduting components

th the aim of assessing variability among body weight and EOdy
i . al best describe the refationship using path cosficient analysis. The paramelers measured were body
weig t\g;W). bady fength (BL), heag length (HL). head width (HW), height at withers
Pair wise correfation batween body we
033

3E=030%inthe combined popuial

nmale female

(HA), ches! depth (CD), chest girth (CG) and shin ctrcucnff!erzz’:e (SC).
"oht and body measurements were positive and significant (r= 0.475- 0.655 in males, 0,262 - 0.449 in flema e‘s’, and
on, P<0.01). Path analysis showed thal shin circumference and ches! depth had the greatesi direct effect on body eight
and the cambinag pazulanon (palh coefficien| = 0 250, 0.252 and 0. 250, respeclively) while the least direci effect was observed for h.ead width

o Mmafe and female with path coeticient = 0,007 ang -0 017, respectively). and height af wihers in the combmed population (path coeficient = -0 0120
“/9niwas 6 25. & 35 and 6 25% from shin arcumference (male), chest depth (in female and the combined population
oplimum linggr FEQression models with coetficient of determination (R )value of 0 45,0.31 and 0.37 incfudea‘,’arecas[ indices such as chest

a shin crcumiarence in males body langth, headlength and chest depthinfemales and the combined population, raspectively

"fq:a a

CRINEUTON 19 Dody w

bvely). 1T

Qepin an

neg

Keywerds: comelation, direct andmdrecleﬁecls.mdgenous Nigerian sheep, path analysis, regression

Introduction

another and also separates lhe corrélah'un coefficient into
components of direct, indirect and compound paths (Topaland
Esenbuga. 2001). The model has been utilized to investigate the

directandindirect causal effects be ween lrailsin goal (Keskinet al.,
2005, Ogah el al. 2003, Yakubuan
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al farmers in Nigeria where they
al.income and manure. Buyers of
ze of he anmal al the point of

on ng }:f‘, -.rr

wsuzlly accessed visually which s largely
nzccurate The development of any objeclive

“urs'e means of deseribing and or evaluating
termanton trats of the sheep and other farm
erviliaozlong wayin overcoming the myriad of
- bred 10 wvisusl aszessment (Jimey et al, 2014;
123 {orahim, 2014), The prediction of bady weight from a
of bedy trats messurad &t dfferen arowih stages has been
20 by many authors iAlolayan el &), 2008; Cam et al,, 2010;
L2004, Tre wsmmon methods used had been correfation
SLCy wEignt 20 morphomelnc characlers. or regression of
ften oudy mezsurements (Kuzelovel al., 2011). One

&0 vt thewe metheds however is their inability to

fiy Bapiain e comgledary assonated with growih n farm
d's. Grosn o armale has Lot direct and indirect caysal
A% W wesn nat mo

2els thal will take this inlo account will
kksly give & more aoourale estimate of body weight,

Slructurz) Equation Madelling (SEM) is one such model, llisa
rmalivariate analysis lechnique

thial taves Into consideration the
effedt of both observed and fate

ntvanables and their relationships
{von Cerzenet al,, 2013) According o the authors, SEM |s a

unificzbion of several multivarigie analysis lechniques such as finear
regression, ANGVA, correlation, path analysis, factor analysis, auto
regression and geowth modelling. Patn coeflicient Is a partial
regression conflicent ohtaincd from regression equation where all
vanables have been eapressed 35 de Aation trom the mean in unit of
Mandard denstion (Sockal and Rhalf, 1945). Path cocflicient

ffect of one variable on
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d Mohammed. 2012). turkey

(Mendes el al., 2005). Yankasa lambs (Yakubu, 2010) and milking

cows (Yakubu, 2011). Research using this method is scarce in adult
sheep population and this ignited the need for the present study

aimed al investigating the relationship between body weight and
some conformalion lraits in adult indig

enous Nigerian sheep.
Material and methods

Experimental animals andlocation of the study

Three hundred and sev

enty nine indigenous Nigerian sheep of
both sexes (157 males and 222 females) were randomly selected in

villages located within the three adminislralive zones of Niger State,
North Central Nigeria. Niger Slale is

located in the sub-hund
savannah area of Nigeria aroung 30

experiences distinct dry and welseasons with annual rainfall varying
from 1100 min in he north to 1600 mm in the South. The dry season
lasts for 6 10 7 months, Oclober g Aprilin the Norlhern part of the
Slate, and 4 lc? 5 months from November 1o March in the Southern
Peralure (which daes not exceed 39°C)is
een March ang June, while minimal lemperature
Is usually experienceq between December and
January. The animals Were managed exlensively with hittle or no

pravision for sheller 1n the night ang Proper healthcare. Hence lhey

scavenged on homeslead wasles, straw and crop residues when

available,

experienced betw
{as low as 21°C)
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Traits measured
The traits measured indude body weight and seven body
measurerpents The measurements were taken on the animals in
the moming belore being released for grazing. The body parts
measured were body length (BL). measured as lhe distance from
te nostnl 1o the pin bone. head length (HL), measured as lhe
d!._slance from the nostril Lo the point of altachment of the homs; head
\Mdlh (HW), measured as the distance between the outer canthus of
lhe right and left eye; height at withers (HAW), measured as the
distance from point of withers to the ficor; chest depth (CD),
measured as the distance between the vithers and chesl fioor; chesl
gith (CG), measured as the body gircumference jusl behind the
forelegs and shin arcumference (SC). measured as the canon boné
perimeter. Body weight (BW) was measured in kg using 3 hanging
scale. The height and drcumference measurements (cm) were done
\idth measurement was done using 3

using a tape ndle while the ¥
calibrated wooden calliper. The measurements were carried out by
eenindividual variations.

the same persanin orgerto avoid betw

Statistcal analysis

Means. standard deviation and coefficients of variation of the
hody weight ang body measurements of sheep adjusted for sex
efiects were compuled using Microsoft Excel 2007 version. The
inibal values of the paramelers measured were rransformed 10
generate the standardized version from the unstandardized
varables using the means and standard deviations s described by
Axintunde (2012). The standardized data was then subjecled o
ate correlation analysis using SPSS (2001).

regression @nd pivan
lled direct palh

Tre standardized partal reqression coefiicients ca
coefficients were calculated thus:
g igY="F.  thepalh caefficentfrom X, to Y,
g¥X/gv= P, thepalh coeficentfrom X, LoV
oY loy='P. thepatn coeficentrom X, oY,
GhuoY= P, hepath coefiicent from X, oY,
tre patn coefficientfrom X 10 Y,
the p3th ceefficient fram X, to Y,

oX oY= P,
ok lar="F.
the path coeffizent from XV,

afto¥="P/.

whare 1 is tne effect and X, K K K, X, % and X, are lhe causes.
The indirect contrioutions of 4, X;, X,, %, %, X and X, loY were

7

Table 1, Descripnve stat

ichics for all traits in male and female Yankasa sheep

worked as follows:
#PXK*
Y| = Pu + p]RX|x7 + PJRX-XJ * PIRX'X' + P‘RXX
P,RX.X,
Y,= PRX.X;+ pP,+
PRXX,
Y,= PRXX,*
P,RX;X
) Y‘i: p|R)(‘X‘ + P,RX,X. + PJRX,X.
RX X
s g, + PRYX, + PR

Y, = PRXX, + P,RX:
P RX.X |
Y,'= PXX, + PRXX ¥ PRYXX, PRXX.* PRXX, + P, +
P,RX,X
L pRX X, PRXX,+ PRUX* PRX,

+P,

PRI * PRXX, ¥ PRXX.* PEXS

pPRXX,* Pt pRXX, * PRXX. * PAX*
7

+P.+ PRXX * PXX *

xs + Pb ® PGX:X‘ ¥

X, + P5RX;X7 + PEXFX-‘

where R is correlalion coefficient petween the va;:glt:z.s l’::;
equalions illustrate he splitting process for a 7 factorV
one effect variable Y.

The mulliple linearreg

was

ression model adopted for the studies

yY=a+bX, +b,x,+b,xj+.——-——n—-+prp

where Y is dependent of endogenous variable (bo'dy weight). a 1s
intercepl, b is regression coefficients and X 1S independent or
exagenous variables (BL,HL.HW. HAW, €D, CG, SC).

Results and discussion

Morphomelric lrails
The result of the descriptive st

measurement raits of indigenous
Table 1. Male sheep had better values for all the traits measured

excep! BW where lhe females were better than both the males and
the combined population. The trend for all the other lraits was in the
order male sheep > combined population > female sheep. The
greales| varialion was observed for BW in male sheep, followed by
CD and HAW. The least variation in the males was observed for BL.

atistics of body weight and body
Nigerian sheep is presented in

fAale (n=157)

Pzrameler e et o
fhean 50 cv Mean

B ¥g 29.-176' N 6&5 V “'2_338'““7- 3‘6.35‘”#_

BL, om 125,59 11.88 9.46 124,52

HL, cm 2319 2.60 11.19 22.57

HW, cm 15.01° 1.65 11.02 14.11°

HAW, cm 77.70° 9.79 12,59 74.58'

CD, cm 17.72° 3.65 20.69 16,63

CG, em a1.94' 9.56 11.67 79.07
798 11.33 743

SC.om 7 0.90

e Means watiun i g i 7 y i -
ane witiun the same cow with different superscrpl differ (P<0.05) significantly, BW - b
' ody w

Female (n=222)

~ Tola (n=379)

) SO cv Mean SD cv
573 19.08 2968 624 2102
10.27 8.25 124.97* 10.97 8.78
2.81 12.46 22.83° 2.74 11.99
1.09 7.70 14.49" 1.42 9.80
9.69 12.99 75.87° 9.84 12.97
2.69 16.18 17.08" 317 13'53
9.30 11.76 80.26" 9.50 11.84
0.96 12.88 7,66" 12'72

e - 097

eight, BL - body

ferigtn, HL = head langth, HW = he? - i = = s - shin
3tn, th, N o= ad width, HAW - height at withers, CO chest depth
J ' st th, CG - che irth
t gi , SC - shi

arcumference, BL ~ body length

174
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in the females, BW hag the
! : greatest variat
while the leas| vl on, followed by CD and

apon Was observed for HW,

high bi ; .
mgca?g?f,:ﬁf ;alues oblained for all the Irails studied is an
2t the population of sheep studied apant from being

?‘?-.UH& \;’sre probably straing of (he VYankasa and Ouda sheep
g L . Rep.
ese sheep breeds are known to be heavier than the Wes| African
Dwarf sheep foungd mosty

In Ihe southern pa i i
adult stalus probably explains the differerf\)ceﬂs.S gt[x[\'elrgvir:ja‘ir{hlfe\:
blomelric values of this sludy when compared lo that reported by
Yakubu (2010). The high variation observed for BW and CD in the
mqie, female and combined population of sheep means that these
traits are candidates for selection and subsequent genelic
improvgment The high variation observed especially for body
weight is of economic importance lo sheep farmers because of the

ed hetween
0.625). Thelowest correlation in male sheep 2 observed betwe

BW and HW (r = 0.451). In the females, BW angkL h:g\}’\fh?a:;ggfs(:
correlation (r= 0.449), followed by correlabon belwegw ang SC (r =
= 0.439) while the lowest was observed betweer!l N rolaion was
0.262). In the combined populaton. e bes| nclollou.fed by the
between BWW and HL (r = 0.509). This was dOSE BR20l, o o2
correlation between BW and BL (1 = 05T ene selr:NeEn BW and
0.487). The feas! correlation was observed 10 0% B8 0
HW (r = 0.336). The positive and significant phegc}?n%asuremenls
observed between body weight and the linear bce) l)l:e relationship is
suggests heir conlrdl by the same genss Smct 3 corresponding
posilive, selecing one of the rails wil 1620 108 2 fgq
increase in body weight, According 10 LeRrane fo ration Irails in
fact that majority of the genes conlrolling con '9(;’ ionifies. thal
animals are of common action and nol l‘,)callzeh' Stg;ler This is
formalion of one part will lead o the formalion of the otnef.

clearly due lo pleiotropic effect. The [[J(;)SIS:E r;aslitlnzea?;éthrC;gelggg;
hal body weight cou

2oer;irL?:ants loa |nge eglen( and the linear body measure:ems
could be used as basis for selecting animals that will grcg.v tol ia\?;
body weight and produce the next generation of sheep. Simiiar lg
correlation coefficienls between body weight and body
measurements have been reported in sheep (Aziz and Sharaby.
1993; Yakubu, 2010).

ikelihood of sheep having increase in their body weight when
selection is propery done. The high variability in the trails might also
mean thal inbreeding depression have not yel selin the indigenous
Nigenan sheep population.

Pair-wise carrelanon

The cosficient of correlation between body weight and body
measurements of indigenous Nigenan sheep are presented in
Tsbles 23 and 20. The carrelation between BW and the body

7]

measurements were all positve. The correlation between BW and Direct and indirect effects - rathidinis
the body measurements was highest between BW and SC in male The direct and indirect effect of morphologica rm?aSt; i
sheep (r = 0.535). followed by carrelation between BW and BL (r = on BW in male, female and combined population of iNdIgenous

Tahle 2a. Correlation ceefficient between body weight and body measurements (male top of diagonal and female below the
dizgona!} of Yankasa sheep

BW BL HL HW HAW cD CG sC )

57:",'_“4“ - '_ T 7(')-,7625‘.'-‘” - _70'{;53"- o -O_a_SF 0.602** 0.475* 0.609"" 0.655*
BL 0.439™ i 0816 0.452" 0.812° 0.292** 0.760™ 0.652™
HL 0448~ 0.835™ 1 0.534** 0.803™ 0415 0721 0.670"
HW 0.290 0.389" 0.442" 1 0.274"* 0,573 0275 0.657"

AN 0413 0.649" 0.844"" 0.354* 1 0.251" 0.885™ 0.566""
CD 0.333° 0.139 0.143" 0.309" 0.090 1 0.258™ 0.568""
cG 0.415° 0608 0.739" 0.393"" 0.868"* 0.218*" 1 0.607**
§C_ B 7;0_2_52_'_'__ ____)_f)_j_?_Sﬁ"* a2t 0.359" 0.335"" 0.215" 0.342*" 1

B¢ - body weight, 8L - body length, HL - head length, HW ~ head width, HAW - height at withers, CD - chest depth, CG -
chest girt

', SC - shin circumnference, ** (p<0,01), *(p<0.05).

Tzble 2b, Corcelztion coefficient between body weight and body measurements of Yankasa sheep (combined population)

| A S A T T
g 1

aL 0507 1

M 0509" 0703 1

MW 033" 0405 04817 1

HAN 0480° 0712 0829"  03%" 1

co 0389 0213* 0279 0488"  0.190" 1

c6 0487 067" 073" 035" 0878 (255~ i

b 039 bdart 0437t 0839" 0450 pd44c 0.469" 1
R ciratmieconcn. v (ag ayy T O = RRa aldthi HAW ~ helghtat witiers, €D = enesk depthyiC0 >
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N

"‘*—-Mdirecl effecls p—
aw cD ce sC B
i g:g: 0.027 0.0032 0.086 0.058 0.122 0.163 gz‘;
HW 0.075 . 0.0037 0.085 0.083 0.416 0.168 o
HAW 0.13 i o P S 004 o 0.603
-, a4 0.027 0.0019 0.106 0.049 0.143 0.142 :
0.048 0.014 0.004 0.027 0.199* 0.042 0.142 0476
= 0.125 0.024 0.0019 0.084 0051 0.161 0.152 G803
e 0.108 0.022 0.0046 0.060 0.113 0.098 0.250° 085%

Bold - direct effect, BL ~
chest girth, SC- shin circumference, * (p<0.05)

ngenan sheep is presented in Tables 3a, 3b and 3c respectively.
Shin creumference had the grealesl direct effect on body weight In
male sheeo followed by CD while the least direct effect was made by
HL. When combined, the indirect effects acling on BW were
obsened 1o be grealer than the direct eflects and this was mostly via
BL. CG ang SC which had the best values. Path coefficent or direcl
effect of HW on body weight in female sheep (Table 3b) was
negatve. Cnest depth had Lhe highes! posiive direcl infiuence on
cody weghtin temale sheep. followed by HL and BL respeciively,
Tne least was observed fer HW. Path coefficent or direct effects of
H\W and HAW on bogdy weightin sheep (combined population) were
observed to be negative (Table 3¢). Chest depth had the highest

body length, HL - head length; HW - head width, HAW - height at withers, CD

- chest depth, CG -

positive directinfluence on body weightin the combined populaton,

followed by BL and HL respectively. The least direct effect was
observed for HAW, Theinsignificant nature of the direct effects of BL,
HL HW. HAW and CG (male sheep), HW, HAW, CG and SC (female
sheep) and HW, HAW, CG and SC (combined population). and Ine
large tolal indirect effects for the traits is an m_dxcanon Ehat lhe
significant correlations observed between the trails and BW were
due toindirect effecls.

The indirecl effects were realized through SC (fpr BL. _HL, HW
and CG) and CG (for HAW) in male sheep, all realn;ed via HL in
female sheep and via CD (in the case of HW) and BL (in the case of
HAW. CG and SC)in the combined population. The direct effects of

Table 3b. Direct and indirect effects of body measurements on body weight of Yankasa sheep, female

Indirect efiects

Traits

i 8L HL HW HAW cD 66 st Total
BL 0.218" 0.149 -0,0066 0.0039 0.035 0.019 0.021 0.439
HL 0.135 0.23¢° 0.0075 0.0051 0.036 0.023 0.020 0.449
Hy 0.085 0.103 0.017 0.0021 0,078 0.012 0.026 0.289
AW 0.142 0.198 -0.006 0.006 0.023 0.027 0.025 0.413
o 0.02 0.034 -0.0053 0.0005 0.252" 0.0068 0.016 0.334
G 0.133 0173 -0.0067 0.0052 0.055 0.034 0.025 0.415
SC a0t 0084 -0.0061 0.002 0.054 0.011 0.073 0.262

(Y ]

g

2

v

=5t qirth, SC- shin circumference, * (p<0,05)

Tazble 3c, Direct znd indirert effects of body measurements

old - ciract effect, BL - body length, HL - head length; HW - head width, HAW ~ height at withers, CD - chest depth, CG -

on body weight of Yankasa sheep, combined population

e indedefcs

B A HW HAW cO 6 sc Toal
BL 0.243* 0.120 0,024 0,014 0.053 0080 0,041 0.508

HL 017 0.184* -0.028 -0.017 0.069 0.088 0.042 0.509

H 0.098 0.089 0,059 -0,0067 0.122 0.042 0.051 0337
HAVY 0173 0.153 0,019 0,020 0.048 0.105 0043 0.481
Co 0.052 0,051 0.029 -0.0038 0.250* 0.031 - 0.389
CL 0.162 0.135 0,021 -0.018 0.064 0.120 0‘045 0.487
Lo 0 bow 002 0003 0101 0058 goes 036

Bald - girect cfiect, BL - body length, HL -~ head length; HW - head width, HAW -

chectgirth, SC- shin drcumference, * (p<0,05)
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T 5
“:ajl.?le ﬁ' Percent Contribution of different body
k;‘;bu‘umum ottributes of Yankasae sheep 1o body weigh

Body Conlribution. % 3
Hieasurements ﬁf-—d;l:_-hﬁ ?ulnala Combined
o Direct contribution -
BL a2 45 5,91
HL 0.11 555 3.86
HW 0.05 0.03 0.35
HAW 2.12 0.00d 0.04
cD 3.96 6.35 6.25
CG 2,59 0.10 1.44
sC 6.25 0.53 0‘9_0 B
Combined cantribution
BL via HL 0.004 0,03 0.03
BL via HW 0.001 -0.001 -0.01
BL via HAW 001 0001 -0.004
BL via CO 0.01 0.m 0.01
BL via CG 0.02 0.004 0.02
BL via SC 0.03 (.005 0.01
HL via HW 0.0001 -0.002 -0.005
HL via HAW 0.003 0.001 -0.003
HLvia CD 0.003 0.01 0.01
HLvia CG 0.004 0.01 0.02
HL via §C 0. 0.01 0.01
HW via AW 0.6002 -0 00004 0.0004
HW v CD .00t <0004 -0.01
HW wa G 00003 00002 -0.003
MWW via 5C U 0.0 -0.003
HAW wp 0D oo 0,000 -0.001
MAW via CG 002 00X -0.002
WA vig 8C 002 0.0002 -0.001
CO e CG oo Q.02 0.01
C0 wia SC a0 0.034 0.
CG via SC 002 0009 0.005
Res:gual efient B1 G 82 61 8116
Totai 100660 100.00 100.00

BL - booy length, MU - heae leagth: MW - nead width,
HAYS = hewont ot sathers, O0 - chest degtn, CG - ¢hosl
Grth, 5C - wnin cucumivrence

¥ =<0,000001 + 0.152CD + 0.5695C
sheup, R'=0.45),

Y o= 0,04 *O237BL ¢ 0.261HL + 0.263CD
{female shuep, R'=0.31),

Y = 0007 + 0.286BL + 0.233HL + 0.263C0 . e
(combined population, R = 0.37),

e i imale

1]

The extiaction of \he direct

elfects of BL, ML, HY HAW and CG
{rrale shoep). W HAW, CG

and SC (famale and the combined
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sneep populabon) from the regression equations is because their
contnbution 1o the overall body weight of the sheep might be

negligitte considenng their non-significant nature, andin the case of
HW and HAW, their negativ

€ nalure. Similar procedures were
camed out by Malau-Aduli et g, {2004) and Yakubu and Mohammed
(2012). Removal of the redundan vanables however led to
decreasein the R'value of all the equations, The presence of BL and
CD in the optimized equations is in agreemenl with earier reports
(Jawasrey and Khasawney, 2007; Kunene el al., 2009; Sowande et
&.,2010; Yakubu, 2010), where pariculady chesl measurements
were implicaled as the trals having the most significanl effecl on
DOTy waightin sheep. Thys and Hardouin (1991) reponied that heant

artn {which s 3 ¢ch

est measurement), explaineo 86.5% of the
Nan

-
5]

nanl trans in the indigenous Migenan sheep papulation
o & results of path analyss also reveated thal CD and SC
oy gL HL and CO (n females and in the combined

7;,:5%',\;':‘. olindigenous Migerian sheep.
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