Int. J. Morphol.,
31(4)1376-1382, 2013.

Evaluation of Three Mathematical Functions to Describe
the Relationship Between Body Weight, Body Condition
and Testicular Dimensions in Yankasa Sheep

Evaluacion de Tres Funciones Matematicas para Describir la Relacién entre
Peso Corporal, Condicion Corporal y Dimension Testicular en Carneros Yankasa

Yakubu, A." & Musa-Azara, |. S”

YAKUBU A. & MUSA-AZARA, I. S. Evaluation of three mathematical functions to describe the relationship between body weight,
body condition and testicular dimensions in Yankasa shieepl. Morphol., 31(4)1376-1382, 2013.

SUMMARY: Body size and testicular measurements have been found to be important parameters utilized in breeding soundness
evaluation. The present study therefore, aimed at determining the relationship between body weight (BW), body condiB@$$core (
testicular length (TL), testicular diameter (TD) and scrotal circumference (SC) in 120 extensively reared Yankasa ramsaf@bproxi
30 months old) using linear, quadratic and cubic predictive models. Coefficient of determindtiokdjsted R, the estimate of
Mallows’ Cp, RMSE (Root mean squares error) and the parsimony principle (p=number of parameters) were used to compare the
efficiency of the different models. Strong Pearson’s correlation coefficients (r = 0.83-0.94; P<0.01) were found betweemBAHNd L
SC. Spearman correlations between BCS and other variables were also highly significant (r = 0.78-0.85; P<0.01). SC was the sole
variable of utmost importance in estimating BW, which was best predicted using the cubic model. However, the optimalBvgdel for
prediction comprised TD, SC and BCS with p, Rljusted R, RMSE and Cp values of 4, 0.948, 0.946, 1.673 and 4.85, respectively.

The present findings could be exploited in husbandry and selection of breeding stock for sustainable sheep productipwitsimeciall
the resource-poor farming system under tropical and subtropical conditions.
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INTRODUCTION

Country reports on farm animal genetic resourcesdvantageous for improvement of both economic gain of
(FAO, 2011, Yakubu, 2010) illustrate that importance of farroperations and effectiveness of selection (Eletat, 2008).
animal genetic resources are very diverse, particularly for
the poor under smallholder production systems in the Generally, body size and testicular measurements are
developing world. Sheep is an important source of memhportant parameters utilized in breeding soundness
(Fadareet al, 2012), and plays other socio-economic rolesvaluation. Knowing the body weight of an animal is
especially in the lives of rural dwellers. The productivity ofmportant for a number of reasons such as breeding, correct
livestock (including sheep) in Nigeria is however lowfeeding, health matters, growth as well as classification. Live
amongst others, due to a low fertility rate in the breedingody weight and testicular size have been found to generally
herds. Thus to keep up with the increasing demand of airidicate the production of viable spermatozoa by the male
mal protein production and the productivity of sheep, thef@dggaet al, 2011). The biometrical analysis of testicular
is a need for sustainable improvement strategiedevelopment is of great importance since it is significantly
Improvement of sheep productivity requires effective actionsrrelated with reproductive activity (Emsen, 2005). Sperm
on its various components, with prolificacy being one of theompetition is a common phenomenon across the animal
most important. Considering the morphological an#tingdom and is recognized as a major factor in the sexual
physiological breed characteristics in sheep breediglection of males. Because the testes produce sperm and
operations, determination of breeding value of candidateflect investment in ejaculates, one of the predicted
breeder rams at a good age is very important. This ¢ensequences of sperm competition is that the testes should
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be relatively large when the likelihood of sperm competitiowere extensively managed in Nasarawa State, north central
is high (Schulte-Hostedax al, 2005; Bernardkt al, 2010). Nigeria. Age was determined from the available records on
In the male for instance, there is the need to establishms provided by the livestock keepers; and where
measurable criteria for judging breeding soundness aimdormation was missing, the age of each ram was estimated
guiding selection of males for breeding. Since farmers masging dentition. They were subjected to the traditional
not be in a position to test ejaculate qualities of males befayeazing methods, while their feeding was supplemented with
using them for breeding, a procedure that would utilizeitchen wastes. Records were taken on body weight (BW),
external testicular measurements may provide a good guiniedy condition score (BCS), testicular length (TL) ((largest
to breeding soundness especially where males are repuiledso-ventral distance), testicular diameter (TD) (widest
to have exceptionally high libido (Ugvetial, 2009; Boligon anterior-posterior position) and scrotal circumference (SC)
et al, 2010; Shoyombet al, 2012). All else being equal, (widest part of the testes, after the testes had been firmly
scrotal circumference as a highly heritable trait, could hmushed into the scrotum) early in the morning before the
used as an effective selection criterion in order to increaarimals were released for grazing. BW was measured in
flock fertility and reduce the number of breeding ramkilograms (kg), using a hanging spring balance and a sack.
required (Abbasi & Ghafouri-Kesbi, 2011). The body scorinfhe TL and TD were measured with the aid of a vernier
is based on a subjective assessment of the fat level and musaléper and recorded in centimetres (cm). The SC in
thickness on the backbone behind the last rib. Body conditioentimetres (cm) was measured with the aid of a flexible
score and its use are important in terms of achieving ttepe. The BCS was determined based on a 5-point scale
desired performance in certain physiological periods in sheganging from 1 to 5 representing emaciated, poor,
breeding where extensive conditions are dominant (Sezend@ceptable, fat or obese animals, respectively) (&tgh).
et al, 2011).
Statistical analysis Descriptive statistics were computed

Various regression analyses involving linearfor BW, TL, TD, SC and BCS, respectively. The Pearson’s
quadratic and cubic models have been used widely to destrelation coefficients were used to assess the association
cribe quantitative association between dependent abdtween the BW, TL, TD and SC. The Spearman correlation
independent variables in animal studies including thosmefficients were estimated to quantify the relationship
involving body size, body condition and testiculalbetween BCS and BW, TL, TD and SC. In order to predict
measurements (Elmatal; Cankaya, 2009; Yagt al, 2009; BW from TL, TD, SC and BCS, the linear, quadratic and
Erat, 2011; Sebolat al, 2012; Yakubu, 2012). cubic approaches were fitted. The regression equations

employed were:
There is dearth of information on the association

between body size, its condition and testicular measuremelitsb, + b X + e 1 (linear m_odel)
in Nigerian sheep. Therefore, the present study was desigrfedd,*+ b, X + b, X* +e 2 (quadratic model)
to predict body weight of Yankasa sheep (the most numef= Po + b, X+ b, X2 + b, X* + e 3 (cubic model)

ous of all Nigerian breeds of sheep) from testicular Iengtb(,_ b _
. . . . Y= body weight

testicular diameter, scrotal circumference and body condltl%n: the intercept

score and to choose the most appropriate regression equat;@gqndependem variables, either the TL, TD, SC or BC

using linear, quadratic and cubic models. This may ajd ,, and b = regression coefficients

management decisions on the husbandry and selectionsQf jandom error.

rams for breeding purposes especially in their breeding tracts

under the resource-poor livestock farming systems in tropi-  The full regression model of the measurements that

cal and subtropical environments. were objectively and subjectively measured (all the three
testicular measurements and BC inclusive) was defined as:

MATERIAL AND METHOD Y =a+hX, +bX, +bX, +bX, +hX,
where,
Management of experimental animals and data
collection. Y = dependent or endogenous variable (body weight)
a = intercept

Data were obtained from 120 rams of the indigenous's = regression coefficients

Yankasa sheep in their breeding tracts. The randomly seleckegl = independent or exogenous variables (TL, TD, SC and
animals which were approximately 30 (thirty) months oldgC)
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In order to obtain the optimal model for BWRESULTS
prediction, Coefficient of determination3qRto quantify the

roportion of variability explained by a model), Adjusted -
P _p Y exp y ) J Means, standard errors, standard deviations and
R?2= (1 -[(n-1) / (n-p)] (1-R, RMSE (Root mean squares - o
. A . efficients of variation for BW, BCS, TL, TD and SC are
error) and the Parsimony principle (which states that a mode :
: . . ; resented in Table I.
with fewer variables (p) is preferred to one with many vd-
riables) were used to compare the efficiency of the different

models. The estimate of Mallows' Cp (Conceptualyy,ionai"ore o "EUME USSR SR E 1C
predictive) (MacNeilet al, 1983) was also considered in P g

the evaluation of the models since Mallows’ Cp is a mor\éankasa rams are shown in Table Il. BW was positively and

reliable statistic than Rwhen the number of ob:servationsnIghly cortLeI?]t.eg Wtith aIIlt?e testicutl)ar me:zutr\(;menésw
X : . . owever, the highest correlation was observed between
g]‘()a';Svryaas”hgnheg#j‘“copnv"vvssslg‘x‘s'dered to be reliable Whefl 4 'S¢ followed by BW and TD and BW and TL (r =0.94,
' 0.89 and 0.83, respectively; P<0.01). Similarly, the Spearman
correlation analysis showed that BCS had strong relationship
with BW, SC, TD and TL, respectively (r= 0.85, 0.81, 0.78

and 0.82; P<0.01) (Table IlI).

Mallows suggested the following criterion:

C=2p+SSE-n
p q

MRJE The estimation of BW from TL and TD appeared to be
better under the cubic model based on higlieaRies (Table

where m= SSHs the sum squared error for the model withV). However, there was no superiority between the cubic and
‘q’ variable(s) and MSEis the mean squared errors for thejuadratic models in the prediction of BW from BCS. Among
model with ‘m’ variables. Suppose that we have a total difie single traits in the linear, quadratic and cubic models, SC
‘m’ possible candidates for independent variables. Was the most important trait in predicting BW, which appeared
estimate a model using all these variables as independ&nbe best done under the cubic modélgRd Adjusted R
variables. Then, from these variables we choose ‘g’ numb@B890 and 0.887, respectively). However, when single and
of variables (where g =1, 2, 3, ...) each time and estimateraltiple traits were jointly considered, and using&® a
model. Also suppose that there are ‘p’number of parametergerion for selection, models 11, 10, 9, 7, 6, 4 and 2 were
in each of the models that we estimate with ‘g’ number @bnsidered to be candidates for good models (Table V). These
independent variables (therefore p = 2, 3, 4, ...). n= totalodels all contained the predictor SC. Model 10 made better
number of observations. SPSS (2010) statistical package wweaadiction and was however chosen as the optimal model (BW
employed in the analysis. = 4.142 + 1.410TD + 0.609SC + 2.962BCS) with g, R

Table I. Descriptive statistics of body weight, body condition and testicular measurements of Yankasa rams.

Traits Mean Standard error Standard deviation Coefficient of variation (%)
Body weight 35.10 0.66 7.23 20.60
Body condition 273 0.07 0.79 28.94
Testicular length 6.53 0.14 151 2312
Testicular diameter 4.85 0.10 1.10 22.68
Scrotd circumference 26.34 0.53 581 22.06

Table Ill. Spearman correlation coefficients of body condition and

Table Il. Pearson’s correlation coefficients between body weighbdy weight and testicular measurements of Yankasa rams**
and testicular measurements of Yankasa rams**.

i Traits BCS BW TL TD SC
Traits BW TL 1D SC BCS 085 08 078 081
BW 0.83 0.89 0.94 BW 0.76 0.91 0.94
TL 0.87 0.80 TL 0.79 0.71
TD 0.83 D 0.85
BW= body weight, TL=testicular length, TD= testicular diameter SCBCS= body condition score, BW= body weight, TL=testicular length, TD=
scrotal circumference, **Significant at P<0.01 testicular diameter SC= scrotal circumference. **Significant at P<0.01
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Adjusted R, RMSE and Cp values of 4, 0.948, 0.946, 1.673
and 4.85, respectively.

Table IV. Regression of body weight on various testicular measurements and body condition of Yankasa rams using
single traits for the linear, quadratic and cubic models

M odel R? Adjusted R=.  Significance
Tegticular length
BW=9.008 + 3997TL 0.696 0.694 *x
BW=4.788 + 5497TL —0.124TL=2 0.699 0.694 *x
BW=-2.795 + 9.863TL —0.894 TL2+ 0.043TL? 0.700 0.692 *x
Testicular diameter
BW=6.700 + 5855TD 0.796 0.794 *x
BW=-10.044 + 13.093TD —0.743TD* 0.821 0.818 **
BW=27.125 - 12.268TL + 4.729TD2 - 0.376TD? 0.832 0.827 *x
Scrotd circumference
BW=4.259 + 1.171SC 0.886 0.885 e
BW=9.590 + 0.704SC + 0.010SC? 0.889 0.887 *x
BW=19.936 —0.778 + 0.076SC? ~0.00SC* 0.890 0.887 *x
Body condition
BW=12.228 + 8.392BCS 0.837 0.836 **
BW=9.642 + 10.580BCS — 0. 420BCS? 0.839 0.836 **
BW=12.195 + 6.940BCS + 1113BCS* - 0.197BCS® 0.839 0.835 *x

BW= body weight, TL=testicular length, TD= testicular diameter SC= scrotal circumference, BCS= body condition’score. R
coefficient of determination. ** Significant at P<0.01.

Table V. Coefficients of determination¥RAdjusted R, root mean squares errors (RMSE) Cp (Conceptual predictive)
and number of parameters (p) for selecting the optimal model for the prediction of body weight in Yankasa rams.

M odel n Variables p R? Adjusted R2 RMSE Cp
1 TL, TD 3 0.811 0.808 3.171 309.25
2 TL,SC 3 0.903 0.902 2.266 102.08
3 TL, BCS 3 0.854 0.851 2.788 213.09
4 TD, C 3 0.923 0.922 2.017 57.28
5 TD, BCS 3 0.892 0.890 2.395 127.46
6 SC, BCS 3 0.936 0.935 1.839 28.32
7 TL,TD, SC 4 0.924 0.922 2.020 58.29
8 TL, TD, BCS 4 0.892 0.889 1.406 129.45
9 TL, SC, BCS 4 0.937 0.935 1.837 28.75
10 TD, C, BCS 4 0.948 0.946 1.673 4.85
11 TL, TD, SC, BCS 5 0.949 0.947 1.666 4.87
12 TL 2 0.696 0.694 4.002 563.92
13 TD 2 0.796 0.7%4 3.283 341.37
14 SC 2 0.886 0.885 2.682 139.87
15 BCS 2 0.837 0.836 2.932 248.93

TL=testicular length, TD= testicular diameter SC= scrotal circumference, BCS= body condition score.

DISCUSSION

The high variability in BW, BCS, TL, TD and SC could serve as a basis for improvement. BW is a very
could be attributed to certain environmental influence suémportant factor in the selection and production of sheep.
as temperature and nutrition on these parameters, whigbdy size and testicular measurements have been found to
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be important parameters for evaluating breeding soundndég&sause it is a function of the number of observations (n),
(Aggaet al). Similarly, Karakust al (2010) reported that number of parameters in the subset model and the residual
BW significantly influenced TL and TD, respectively. As anean squares of the full model (Aziz & Sharaby, 1993).
result of the beneficial attributes and high heritabilityNeteret al (1996) reported that the bias of the regression
estimates (0.4-0.7) of testicular size (Coulter & Foote, 1979n0del was small when subsets of independent variables with
measurements would be useful selection criteria famall Cp values had a small total mean squared error and
improvement of flock. Salhabt al (2002), reported that Cp value was near p. The best subsets regression analyses
the various testicular measurements were more correlatah be used for ram evaluation to improve the economic
with body weight of growing lambs than age. Pochron &ain and effectiveness of selection under rural settings and
Wright (2002), showed the significant positive relationshiat central ram test stations. For the convenience of users
between body size and testicles of animals in non-breedimipo work under field conditions, prediction equations can
season. Intraspecific variation in testis size (ejaculatee constructed involving the SC as a single trait as well its
investment) has been implicated as an important factor édombination with TL and BCS, respectively. Raji al

male reproductive success because larger testes prod(&38), reported that testicular measurements described more
higher quality ejaculates (number of sperm, ejaculate voluraariation in body weight of goats and with their ease of
and motility) and have higher rates of sperm productiomeasurement, provide a simple tool for rural farmers under
(Gomendioet al, 1998). Thus males with larger testes aréeld conditions to estimate body weight, when used in a
assumed to have higher reproductive success than males withple or multiple regression equation. Since testicular
small testes in species with sperm competition (Schultereasurements have high correlation with body weight, they
Hosteddeet al). may also be used as selection criteria.

It has been shown that testicular diameter and along
with scrotal circumference are excellent indicators c€ONCLUSION
spermatogenic function, while body weight either alone or
in combination with other variables, have been found to be
related to semen volume (Marco-Jimeredzal., 2005; The study revealed that interrelationships between
Mekashaet al., 2008; EImazt al). The positive association BW, TL, TD, SC and BCS of Yankasa rams were positive,
between SC and BW is an indication that improvement strong and highly significant. SC was the single trait of
both traits is possible through selection procedurestmost importance to predict BW using the cubic model.
considering their high genetic correlations (Dugwehal, However, the optimal model for BW prediction included a
2002; Pourlis, 2011). This is an indication that genes thedbmbination of TL, SC and BCS. These findings, especially
contributed to BW had an influence in the reproductivef the prediction models developed, could be useful in the
ability of rams. Scrotal circumference is a simple repeatahi@anagement and selection of rams for breeding purposes
method of measurement of testicular size which is highbspecially among the rural livestock farmers, which could
correlated with testicular weight, semen quality, and witlead to improved productivity and hence profitability of the
fertility (Waldner et al, 2010). The present findings sheep enterprise.
demonstrated that BCS is a good indicator of BW. Sezenler
et al,, reported high correlation coefficients between BCACKNOWLEDGEMENTS
and BW in some indigenous sheep breeds in Turkey Thus,
if BW and the size of the testes/scrotum is condition
dependent, livestock breeders may assess the size of the tes- The authors are appreciative of the maximum
tes and/or scrotum and make reproductive decisions basemperation accorded them by the livestock farmers in
on this assessment Nasarawa State throughout the period of the research.

The cubic model appeared to produce better goodness
of fitin the present study when traits were considered singt
which is consistent with earlier findings (Yakubu, 2010). In’ " - -

a similar study in bulls, Ahmaet al. (2011), submitted that ciones mgt_ematlcas para de§cr|b|r_l¢:;1 reIaC|_0n entre peso corpo-
- . ’ ' - ral, condicion corporal y dimension testicular en carneros

the relationship betwegn BW and SC was cur\_/lll_nea{(ankasa]m_l Morphol., 31(4)1376-1382, 2013.

Karakuset al., reported high Rvalues from the prediction

of BW from TL, TD and SC. The choice of model 10 in the RESUMEN: El tamafio corporal y las mediciones

present study might not be unconnected with the fact thasticulares son importantes parametros utilizados en la evalua-

Cp criterion is more powerful than?Rnd adjusted R cion del buen estado de reproduccion. El presente estudio, tuvo

1380

AKUBU A. & MUSA-AZAR A, I. S. Evaluacion de tres fun-



YAKUBU A. & MUSA-AZARA, |. S. Evaluation of three mathematical functions to describe the relationship between body weight, body condition and testimitarsdim¥éankasa sheep.
Int. J. Morphol., 31(4)1376-1382, 2013.

como objetivo determinar la relacién entre el peso corporal (PCpulter, G. H. & Foote, R. H. Bovine testicular measurements as
score de condicién corporal (SCC), longitud testicular (LT), did- indicators of reproductive performance and their relationship
metro testicular (DT) y la circunferencia escrotal (CE) en 120 to productive traits in cattle: a reviewheriogenology,
carneros Yankasa criados extensivamente (aproximadamente 3011(4)297-311, 1979.

meses de edad), utilizando modelos predictivos lineales,

cuadraticos y cubicos. Se utilizaron el coeficiente de deterniiuguma, G.; Cloete, S. W. P.; Schoeman, S. J. & Jordaan, G. F.
nacion (R), R? ajustado, estimacion Cp de Mallows, ERCM  Genetic parameters of testicular measurements in Merino rams
(errores de raiz cuadrada media) y el principio de parsimonia (p and the influence of scrotal circumference on total flock
= numero de parametros) para comparar la eficiencia de los fertility. S. Afr. J. Anim. Sci., 32(26-80, 2002.

diferentes modelos. Un fuerte coeficiente de correlacion de

Pearson (r=0,83-0,94, p<0,01) se encontr6 entre PC, LT, DEymaz, O.; Dikmen, S.; Cirit, U. & Demir, H. Prediction of
CE. Las correlaciones de Spearman entre SCC y otras variablespostpubertal reproductive potential according to prepubertal
también fueron altamente significativas (r=0,78-0,85, p<0,01). body weight, testicular size, and testosterone concentration
La CE fue la Unica variable de suma importancia en la estima- using multiple regression analysis in Kivircik ram laniosk.

cion de PC, que fue predicha de mejor manera utilizando el J. Vet. Anim. Sci., 32(835-43, 2008.

modelo cubico. Sin embargo, el modelo éptimo para la predic-

cion del PC comprendiendo DT, CE y SCC con valores,p, FEmsen, E. Testicular development and body weight gain from birth
R? ajustado, ERCM y Cp de Mallows de 4; 0,948; 0,946; 1,673 to 1 year of age of Awassi and Redkaraman sheep and their
y 4,85, respectivamente. Los presentes hallazgos podrian serreciprocal crosseS&mall Rumin. Res., 29(I9-82, 2005.
explotados en la cria y seleccién del ganado de cria para la pro-

duccion sostenible de ovejas, en especial dentro de sisterfeat, S. Application of linear, quadratic and cubic regression models
con escasos recursos agricolas bajo condiciones tropicales yto predict body weight from different body measurements in
subtropicales. domestic catdnt. J. Agric. Biol., 13(3%19-22, 2011.

PALABRAS CLAVE: Centella asiatica; Células Fadare, A. O.; Peters, S. O.; Yakubu, A.; Sonibare, A. O.; Adeleke,
epiteliales respiratorias; Antiproliferativos. M. A.; Ozoje, M. O. & Imumorin, I. G. Physiological and
haematological indices suggest superior heat tolerance of
white-coloured West African Dwarf sheep in the hot humid
REFERENCES tropics.Trop. Anim. Health Prod., 45(1)57-65, 2012.

FAQ. Draft guidelines on phenotypic characterization of animal
genetic resources, Commission on Genetic Resources for Food
and Agriculture Rome, 13th Regular Session, 18-22 July, 2011.
Available in: http://www.fao.org/docrep/meeting/022/
am651e.pdf

Abbasi, M. A. & Ghafouri-Kesbi, F. Genetic (co)variance
components for body weight and body measurements in
Makooei sheepAsian-Aust. J. Anim. Sci., 24(639-43, 2011.

Agga, G. E.; Udala, U.; Regassa, F. & Wudie, A. Body
measurements of bucks of three goat breeds in Ethiopia aﬁ
their correlation to breed, age and testicular measurements.
Small Rumin. Res., 95(2:833-8, 2011.

8mendio, M.; Harcourt, A. H. & Roldan, E. R. Sperm
competition in mammals. IBirkhead, T. R. & Mgller, A. P.
(Eds.). Sperm Competition and Sexual Selection. San Diego,
Academic Press, 1998. pp.667-751.

Aziz, M. A. & Sharaby, M. A. Collinearity as a problem in predictin ) ) .
body weight from body dimensions of Najdi sheep in Sau%ﬁarakus,, K.; Eyduran, E Aygun, T. & .Javed, K, Approprlate
Arabia. Small Rumin. Res., 12(217-24, 1993. growth model describing some testicutdraracteristics in

Norduz male lambsl. Anim. Plant Sci., 20(1)-4, 2010.
Bernardi, S.; Brogliatti, G. & Oyarzabal, M. |. Testicular Structure . i L i
and Semen Quality in Mice Lines Selected for Weitgttt.J. MacNeil, M. D. Chglce_ of a prediction equgtlon an_d th_e use _of the
Morphol., 28(3)673-80, 2010. selected equation in subsequent experimentatidmim. Sci.,
’ ’ 57:1328-36, 1983.

Boligon, A. A.; Silva, J. A. V.; Sesana, R. C.; Senana, J. C,, ) )
Junqueira, J. B. & Albuquerque, L. G. Estimation of genetiMarco-Jimenez, F.; Puchades, S.; Gadea, J.; Vicente, J. S. &
parameters for body weights, scrotal circumference, and Viudesde-Castro, M. P: Effect of semen coIIec_tlon method on
testicular volume measured at different ages in Nellore cattle. Pre- and post-thaw Guirra ram spermatoZdeeriogenology,

J. Anim. Sci., 88(4)215-9, 2010. 64(8)1756-65, 2005.

Cankaya, S. A comparative study of some estimation methods fdgkasha, Y.;; Tegegne, A.; Abera, A. & Rodriguez-Martinez, H.
parameters and effects of outliers in simple regression model Body size and testicular traits of tropically-adapted bucks raised
for research on small ruminanfEop. Anim. Health Prod., under extensive husbandry in Ethiojiteprod. Domest. Anim.,
41(1)35.41, 200, 43(2)196-206, 2008.

1381



YAKUBU A. & MUSA-AZARA, I. S. Evaluation of three mathematical functions to describe the relationship between body weight, body condition and testimitarsdiméankasa sheep.
Int. J. Morphol., 31(4)1376-1382, 2013.

Neter, J.; Kutner, M. H.; Nachtsheim, C. J. & Wasserman, Wan, T.; Mayne, C. S.; Patterson, D. C. & Agnew, R. E. Prediction
Applied Linear Regression Mode8rd ed. Chicago, Irwin, of body weight and empty body composition using body size
1996. measurements in lactating dairy cowsvest. Sci., 124(1-

3):233-41, 2009.

Pochron, S. T. & Wright, P. C. Dynamics of testes size
compensates for variation in male body sizeol. Ecol. Res.,
4:557-585, 2002.

Pourlis, A. F. A review of morphological characteristics relatin@gCorrespondence to:
to the production and reproduction of fat-tailed sheep breed&kubu, A.
Trop. Anim. Health Prod., 43(7)267-87, 2011. Department of Animal Science
Faculty of Agriculture
Salhab, S. A.; Zarkawi, M.; Wardeh, M. F.; Al-Masri, M. R. & Nasarawa State University
Kassem, R. Development of testicular dimensions and siz€effi, Shabu-Lafia Campus, P.M.B. 135 Lafia
and their relationship to age, body weight and parental siNasarawa State
in growing Awassi ram lambSmall Rumin. Res., 40¢(287- NIGERIA
91, 2002.

Schulte-Hostedde, A. I.; Millar, J. S. & Hickling, G. J. ConditionEmail: abdulmojyak@gmail.com
dependence of testis size in small mamnialsl. Ecol. Res.,
7:143-49, 2005.
Received: 08-02-2013
Sebolai, B.; Nsoso, S. J.; Podisi, B. & Mokhutshwane, B. S. Thecepted: 06-09-2013
estimation of live weight based on linear traits in indigenous
Tswana goats at various ages in Botswarop. Anim. Health
Prod., 44(4)899-904, 2012.

Sezenler, T.; Ozder, M.; Yildirir, M.; Ceyhan, A. & Yuksel, M. A.
The relationship between body weight and body condition
score in some indigenous sheep breeds in tukeimim.
Plant Sci., 21(3%43-7, 2011.

Shoyombo, A.; Fasanya, O.; Bunjah, U. & Yakubu, H. On-farm
prediction of testicular characteristics in bucks at specific
agesWorld J. Life Sci. Med. Res., 2(B)4-7, 2012.

Raji, A. O.; Igwebuike, J. U. & Aliyu J. Testicular biometry and
its relationship with body weight of indigenous goats in a
semi arid region of Nigeri®dARPN J. Agric. Biol. Sci., 3(#-

9, 2008.

Ugwu, S. O. C. Relationship between scrotal circumference, in
situ testicular measurements and sperm reserves in the West
African dwarf bucksAfr. J. Biotechnol., 8(71354-7, 2009.

Waldner, C. L.; Kennedy, R. |. & Palmer, C. W. A description of
the findings from bull breeding soundness evaluations and
their association with pregnancy outcomes in a study of
western Canadian beef herdseriogenology, 74(5371-

83, 2010.

Yakubu, A. Application of regression tree methodology in
predicting the body weight of Uda sheepnim. Sci.
Biotechnol., 45(2%84-90, 2012.

Yakubu, A. Fixing multicollinearity instability in the prediction

of body weight from morphometric traits of White Fulani
cows.J. Cent. Eur. Agr., 11(487-92, 2010.

1382



