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Abstract
A study was carried out to characterize and differentiate four West African Dwarf goat populations on the basis of morphometric
traits and also predict their body weights using linear body measurements. A total of 384 goats were sampled from four agro-
ecological zones from the middle belt and southern part of Ghana. The morphometric traits examined for phenotypic differen-
tiation using univariate andmultivariate analysis were bodyweight, body length, withers height, chest girth, chest depth, shoulder
point width, rump length, rump width, head length, head width, shin circumference, horn length, ear length, tail length, and hair
length. Results obtained showed that agro-ecological zone and age significantly (p < 0.05) influenced the performance of most
traits. The phenotypic correlations among the traits were low to high (0.06–0.67) indicating linear relationships among these traits
which may be caused by both genetic and environmental factors. The regression analysis also revealed that a single trait which
may be used to predict the body weight of maleWest African Dwarf goats of ages 1–4 years is chest/heart girth and that of female
counterparts is withers height. All the populations were significantly (p < 0.0001) distant (differentiated) from each other, but the
largest (4.62) estimatedMahalanobis distance (D2) was betweenWest African Dwarf goat populations in the transitional zone P1
and the rainforest P3 while the least (1.61) was observed between transitional zone P1 and semi-deciduous forest zone P2. The
highest similarity between individuals within population was found in the rainforest P3 (79.76%) and the lowest in the transi-
tional zone P1 (47.13%). The three canonical components (Can1, Can2, and Can3) explained the total (100%) between-
population variation in morphometric traits. However, in partitioning of the variance, the first two canonical components
(Can1 and Can2) accounted for cumulative proportion of 84.35% of between-population variance. In order of importance, tail
length, head length, ear length, shin circumference, head width, and shoulder point width were the most discriminating variables
responsible for the variations among the four goat populations. In conclusion, morphometric variations exist amongWest African
Dwarf goat populations of Ghana. Yet, further studies on molecular genetic diversity of the populations are recommended to
support a sustainable breed improvement strategy. Also, equations have been developed that can be used to reliably predict the
bodyweight ofWAD goats and future research should also focus on developing single variable weight estimator measuring tapes
based only on either the chest girth, withers height, or body length prediction equations for farmers to use in the absence of
weighing scale.
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Introduction

According to FAO (2014) Africa has approximately 35% of
the world’s goat population. This is probably due to the crit-
ical roles goats play in supporting families in most parts of
rural Africa, including contribution to nutrition and food se-
curity, employment, income, andmanure for soil fertility man-
agement (Ndao et al. 2019). The African Goat Improvement
Network (AGIN) of the USAID’s Feed the Future Initiative
has identified 46 breeds of goat in Africa, of which 14 are
indigenous breeds and one of these native breeds is the West
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African Dwarf (WAD) goat found inmostWest African coun-
tries (Huson et al. 2014). In Ghana, the most predominant
small ruminant livestock genetic resource is the West
African Dwarf (WAD) goat with an estimated population of
about 6,044,000 as against 4,335,000 for sheep according to
the Ghana Livestock Development Policy and Strategy
(MoFA 2016; Ofori and Hagan 2020). The wide acceptance
of the WAD goat in the country makes the breed an integral
part of the mixed farming systems of most rural households,
serving as a coping mechanism against crop failure among
other benefits. The breed possesses desirable traits such as
hardiness/adaptability, relatively high prolificacy, precocious-
ness, and trypanotolerance (MoFA 2016). Despite the signif-
icance of the WAD goat in the country, the breed is yet to be
phenotypically characterized in order to harness its full
potential.

According to Verma et al. (2016), linear body measure-
ments are important because they reflect the breed standards
and are also important in describing the morphological struc-
ture and developmental ability of the animals. These measure-
ments are valuable and helpful in developing suitable selec-
tion criteria (Islam et al. 1991). Linear body measurements
have been used in predicting body weight and carcass trait
in sheep (Sowande and Sobola 2008; Tadesse and
Gebremariam 2010; Birteeb et al. 2012) and therefore forms
an important aspect of phenotypic characterization (FAO
2012). There is however very little research work done on
goats and especially on the West African Dwarf (WAD) goat
in Ghana. There is therefore the need to establish the relation-
ship between live body weight and some linear bodymeasure-
ments in the WAD goats as a step towards establishing pre-
diction equation to estimate live body weight of goats under
field conditions without using weighing scales.

The realization of the full potential of theWAD depends on
the phenotypic information which will subsequently help in
the selection of individuals with better trait values to be par-
ents of the next generation (Oldenbroek and van der Waaij
2015). A previous work on characterization of theWAD goats
looked at only the morphological characteristics in only two
ecological zones of the country. This current study was carried
out to characterize four WAD goat populations under four
agro-ecological zones on morphometric traits and also predict
their body weights using linear body measurements.

Materials and methods

Description of study area

The study was conducted in four (4) agro-ecological zones
(transitional, semi-deciduous forest, rainforest, and coastal sa-
vannah) of Ghana (as described in Table 1) because the WAD
goat is known to be concentrated and adapted to the middle

belt and southern part of the country as opposed to the Sudan
and Guinea savannah eco-zones where cross-breeding of the
WAD goat and the Sahelian has being on-going over the past
few years.

Sampling and sample size

A multi-stage purposive sampling technique involving four
(4) stages were used as suggested in the phenotypic character-
ization guidelines (FAO 2012): agro-ecological zone, district,
community, and household. There were 4 agro-ecological
zones, 8 districts—2 in each agro-ecological zone, 4 commu-
nities in each district, 4 households per community, and 3
WAD goats (2 females and 1 male) from each household.
Hence, 128 households were sampled and a predetermined
sample size (n) of 384 WAD goats (256 females and 128
males) examined. The number of goats measured was as fol-
lows: each ecological zone (96), each district (48), each com-
munity (12), and each household (3). The number in each age
group was as follows: < 1 year (50), ≥ 1 < 2 years (56), ≥ 2 <
3 years (73), ≥ 3 < 4 years (91), and ≥ 4 < 5 years (114). The
sample size was estimated using the FAO (2012) generic
method for determining sample size as follows:

n ¼ z
m

� �2
p 1−pð Þ ¼ 1:96

0:05

� �2

0:50 1−0:50ð Þ ¼ 384

where:

n sample size
z the z value for 95% confidence level = 1.96
m the margin of error (the confidence interval of + or −

5%) = 0.05
p the estimated value for 50% proportion of the sample that

will respond a given way to a survey question, p = 0.50

Animal management

The WAD goats sampled were managed under both semi-
intensive and extensive systems in individual households
where the animals are allowed to go and feed on grasses,
browse plants, and kitchen waste and return to pens in the
afternoon or evening for shelter in the case of the former but
for the latter, goats roam about to fend for themselves with
little or no shelter.

Data collection

The quantitative (morphometric) traits measured were the
body weight and linear body traits which were taken with a
weighing scale and measuring tape respectively as shown in
Fig. 1 as follows:
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Body weight (BW): the fasted live body weight (kg) of the
goat taken with a hanging mini crane scale of 300 kg
capacity.
Body length (BL): the horizontal distance (cm) from the
point of shoulder to the pin bone.
Withers height (WH): the (vertical) height (cm) from the
bottom of the front foot to the highest point of the shoul-
der between the withers.
Chest girth (CG): the circumference of the body (cm)
immediately behind the shoulder blades in a vertical
plane, perpendicular to the long axis of the body.
Chest depth (CD): vertical plane distance/deepness (cm)
of the chest, perpendicular to the long axis of the body.
Shoulder point width (SPW): the horizontal distance (cm)
between the left and right upper arm.
Rump length (RL): measured (cm) from the hip bone to
pin bone
Rump width (RW): the horizontal distance (cm) between
the left and right hip bones.
Head length (HL): distance (cm) between the highest
points of the parietals to the middle of the rostral margin
of the incisive bone
Head width (HW): distance (cm) between the two zygo-
matic arches

Shin circumference (SC): the circumference of the front
cannon bone (cm) between the front pastern and the knee
of the foreleg.
Horn length (HoL): length of horn (cm) on its exterior
side from its root at the poll to the tip.
Ear length (EL): length (cm) of the external ear from its
root on the poll to the tip.
Tail length (TL): distance (cm) from the base of the tail to
the tip.
Hair length (HaL): length (cm) of hair from the base of
the hair on the skin to the tip (on the backline, at the
rump).

Data analysis

Univariate analysis (ANOVA)

Data obtained for morphometric/quantitative traits were veri-
fied for normality using the Shapiro-Wilk test for normality
and then subjected to the analysis of variance (ANOVA); both
using GenStat (Discovery Edition 12) (VSNI 2012) and where
there was a significant difference between means in the
ANOVA, the least significant difference (LDS) was used to
separate such means. The effects of agro-ecological zone, sex,
and age on body weight and linear body traits were tested
using the model:

Y ijk ¼ μþ Si þ Aj þ Ek þ eijk

where:

Yijk individual observation of each body trait
μ overall mean
Si effect of ith sex (i =male, female)
Aj effect of jth age (j = 1, 2, 3, 4, and 5 years old)
Ek

Table 1 Description of the agro-ecological zones of the study area

Characteristics Agro-ecological zones

Transitional zone Semi-deciduous forest Rainforest Coastal savannah

Climate

Temperature 25–36 °C 24–31 °C 25–29 °C 24–30 °C

Relative humidity 50–70% 60–80% 65–80% 70–85%

Rainfall 1100–1400 mm 1200–1600 mm 800–2800 mm 600–1200 mm

Terrain features (land features)

Longitude 001° 43′–001° 57′ W 001°29′–001°40′ W 001°59′–001°02′ W 000°09′–002°02′ W

Latitude 07°36′–08°03′ N 06°14′–06°36′ N 04°59′–05°00′ N 05°00′–05°45′ N

Elevation 317–428 m 260–400 m 150–380 m 75–140 m

Source: Field Data (2019)

Fig. 1 Labelled photograph of a WAD goat indicating physical body
measurements taken with their reference points
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effect of kth agro-ecological zone (k = transitional zone
1; semi-deciduous forest 2; rainforest 3; and coastal sa-
vannah 4)

eijk random error associated with each observation

The correlation analysis was performed using IBM
Corp SPSS Statistics (Version 21.0), 2012 predictive analytics
software, based on the general equation:

rxy ¼
Σ xi−x
� �

yi−yð Þffiffiffiffiffiffiffiffiffiffiffiffiffi
Σ
�
xi−

r
x
�
2 Σ yi−yð Þ2

where:

rxy the correlation coefficient of the linear relationship
between the traits x and y

xi the measured values of trait x
x the mean of the values of trait x
yi the measured values of trait y
y the mean of the values of trait y

Simple and multiple regression with groups was used to
predict body weight ofWAD goats from linear bodymeasure-
ments based on the models 1 and 2 respectively, using
GenStat (Discovery Edition 12):

BW ¼ β0 þ βX þ ε Model 1ð Þ
BW ¼ β0 þ βiX i þ⋯þ βnX n þ ε Model 2ð Þ
where:

BW body weight
β/
β0

the intercept of the regression equation

X a given linear body trait
βi the ith regression coefficient of the ith linear body trait

retained in the model (Xi)
βn the nth regression coefficient of the nth linear body trait

retained in the model (Xn)
ε the random error

The data for the animals were grouped into four age cate-
gories (years 1, 2, 3, and 4) and then subdivided into males
and females. A preliminary simple regression analysis was
carried out to identify six (6) most important linear body var-
iables (chest girth [CG], body length [BL], withers height
[WH], rump length [RL], rump width [RW], and shoulder
point width [SPW]) for predicting body weight and were the
only traits retained for the multiple regression analysis to as-
certain their pooled predictive ability.

Multivariate (discriminant) analysis

The canonical discriminant and stepwise discriminant analy-
ses of the PROC CANDISC and PROC STEPDISC of SAS
(SAS 2011) University Edition Software program respective-
ly were used to differentiate and classify the four WAD goat
populations from the four corresponding agro-ecological
zones, using the Mahalanobis distance (based on covariance
matrix Rao 1973) according to the formula:

D2 ¼ x−mð ÞT :C−1: x−mð Þ
where:

D2 the Mahalanobis squared distance
x the vector of observation of morphometric trait (row in

a dataset)
m the vector of mean values of independent

morphometric variables (mean of each column)
T transposed matrix (a new matrix whose rows are the

columns of the original)
C−1 the inverse covariance matrix of independent

morphometric variables

Results and discussion

Effect of agro-ecological zone, sex, and age on mor-
phometric traits of WAD goats

The descriptive statistics of quantitative (morphometric) traits
are presented in Table 2. Generally, agro-ecological zone sig-
nificantly (p < 0.05) influenced most traits (body weight
[BW], body length [BL], withers height [WH], chest girth
[CG], chest depth [CD], shoulder point width [SPW], rump
length [RL], rump width [RW], head length [HL], head width
[HW], shin circumference [SC], ear length [EL], and tail
length [TL]) with the exception of horn length (HoL) and hair
length (HaL). However, WAD goat population in the transi-
tional zone showed considerably higher values for these traits
than other populations except for shin circumference (SC), ear
length (EL), and tail length (TL). This trend was followed
closely by the goats in the semi-deciduous forest which shares
boundary with the transitional zone. Meanwhile, rainforest
and coastal savannah goats were found to be similar in some
traits (body weight [BW], body length [BL], withers height
[WH], chest depth [CD], head length [HL], horn length
[HoL], and hair length [HaL]) whereas the former recorded
higher values for traits such as shoulder point width (SPW),
rump length (RL), rump width (RW), head width (HW), ear
length (EL), and tail length (TL) than the latter.

The significant (p < 0.05) effect of agro-ecological zones
onmorphometric traits observed in this investigation (Table 2)
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is an indication of the differences in availability of feed re-
source base (in terms of quantity and quality), availability of
natural and established grazing field, and the management
conditions which the animals were subjected to in these dif-
ferent locations. Also, the relatively higher superiority of
WAD goats in the transitional zone than the other populations
could be attributed to the fact thatWAD goat population in the
transitional zone may have been improved through selection
and good management practices as this has been the focus of
the National Goat Breeding Station at Kintampo in the transi-
tional zone through its out-grower and Open Nucleus Group
Breeding Scheme (ONGBS) as nearly half of the animals (45
out of 96) sampled from 15 households in the transitional zone
had owners who were members of the out-grower and Open
Nucleus Group Breeding Scheme.

Sex, however, did not influence most of the traits ex-
cept shin/canon circumference (SC) and hair length (HaL)
which exhibited sexual dimorphism in that bucks were
found to have larger shin and longer hair than does.
According to Coyne et al. (2008), the genetic basis of

sexual dimorphisms is an intriguing problem of evolution-
ary genetics because dimorphic traits are limited to one
sex. Such traits can arise genetically in two ways. First,
the alleles that cause dimorphisms could be limited in
expression to only one sex at their first appearance.
Alternatively, dimorphism alleles could initially be
expressed in both sexes, but subsequently be repressed
or promoted in only one sex by the evolution of modifier
genes or regulatory elements. The latter may however
explain the reason for the observed sexual dimorphism
in shin circumference (SC) and hair length (HaL) of the
WAD goat.

Results of the current work showed that age influenced all
the morphometric traits studied such that as the goat ages, the
values of these traits also increase until 4–5 years old
(Table 2). This pattern is expected since growth increases with
age but ceases (plateaus) and possibly declines at a particular
point in time depending on the genotype (population, breed,
species, etc.) and the environment (nutrition, medication/
health, and housing). These results agree with the trends and

Table 2 Means ± standard deviations of quantitative traits of WAD goats as influenced by ecological zone, sex, and age

Factor/trait BW BL WH CG CD SPW RL RW n
AEZ
Transitional zone 19.28 ± 5.72b 50.76 ± 7.31b 46.82 ± 6.77b 58.31 ± 6.94b 26.73 ± 6.12b 16.60 ± 3.68d 15.83 ± 2.42c 15.44 ± 3.05b 96
Semi-deciduous
forest

15.94 ± 5.30a 49.67 ± 7.15b 43.24 ± 7.62a 56.79 ± 9.05b 24.80 ± 6.67a 14.06 ± 2.38a 15.20 ± 2.10c 13.48 ± 2.66a 96

Rainforest 16.59 ± 7.73a 46.32 ± 8.68a 42.92 ± 7.91a 57.56 ± 10.84b 23.77 ± 5.41a 14.88 ± 3.00b 14.27 ± 2.42a 13.37 ± 2.94a 96
Coastal savannah 16.76 ± 6.00a 44.83 ± 7.49a 42.22 ± 6.86a 54.04 ± 9.33a 25.55 ± 7.32a 15.41 ± 2.13c 14.97 ± 2.04b 14.86 ± 2.82b 96

Sex
Males 16.41 ± 6.31 47.16 ± 7.90 43.76 ± 8.02 55.86 ± 8.81 25.33 ± 7.06 15.50 ± 3.26 15.15 ± 2.68 14.20 ± 3.37 128
Females 17.39 ± 6.27 48.23 ± 8.09 43.67 ± 7.09 56.91 ± 9.52 25.15 ± 6.18 15.02 ± 2.82 15.03 ± 2.09 14.31 ± 2.77 256

Age (years)
< 1 8.18 ± 1.77a 41.65 ± 7.03a 38.39 ± 7.14a 49.51 ± 8.20a 23.09 ± 8.24a 13.78 ± 2.42a 13.35 ± 2.16a 12.23 ± 2.44a 50
≥ 1 < 2 15.05 ± 5.05b 43.72 ± 7.26a 41.72 ± 7.20b 52.38 ± 6.94b 22.04 ± 3.48a 14.55 ± 3.06a 14.12 ± 1.91b 12.92 ± 2.56a 56
≥ 2 < 3 15.87 ± 5.07b 45.92 ± 6.69b 41.82 ± 5.87b 54.53 ± 7.12b 24.70 ± 5.70b 14.78 ± 2.53b 14.93 ± 2.07c 14.36 ± 2.77b 73
≥ 3 < 4 19.05 ± 5.72c 48.84 ± 8.08b 45.56 ± 5.97c 58.24 ± 11.01c 26.48 ± 7.53bc 15.90 ± 3.59c 15.48 ± 2.52c 14.86 ± 3.15b 91
≥ 4 < 5 21.11 ± 4.53d 53.12 ± 5.88c 46.73 ± 7.68c 61.68 ± 7.00d 27.02 ± 5.40c 15.79 ± 2.58c 16.07 ± 1.85de 15.32 ± 2.71bc 114

Factor/trait HL HW SC HoL EL TL HaL n
AEZ
Transitional zone 18.23 ± 3.08c 12.33 ± 2.21b 7.18 ± 1.66a 5.99 ± 2.61 10.93 ± 1.62b 7.87 ± 1.97c 3.08 ± 1.46 96
Semi-deciduous
forest

16.97 ± 2.54b 11.08 ± 2.02a 7.08 ± 0.99a 6.08 ± 2.60 9.99 ± 1.63a 8.38 ± 1.40d 2.88 ± 1.85 96

Rainforest 15.93 ± 2.73a 10.54 ± 2.14a 7.71 ± 1.14b 5.89 ± 3.22 9.85 ± 1.42a 6.18 ± 1.51a 3.14 ± 0.70 96
Coastal savannah 15.50 ± 1.93a 12.45 ± 3.48b 7.16 ± 1.35a 6.33 ± 1.84 11.95 ± 4.29c 7.52 ± 2.27b 2.95 ± 0.77 96

Sex
Males 16.89 ± 3.46 12.02 ± 2.69 7.56 ± 1.56b 6.20 ± 2.95 10.56 ± 2.28 7.61 ± 1.86 3.43 ± 1.30b 128
Females 16.50 ± 2.36 11.41 ± 2.64 7.11 ± 1.17a 6.03 ± 2.42 10.76 ± 2.85 7.52 ± 2.01 2.79 ± 1.23a 256

Age (years)
< 1 14.76 ± 3.15a 10.24 ± 2.34a 7.05 ± 1.27b 5.16 ± 2.69a 9.79 ± 1.60a 7.13 ± 0.71a 2.73 ± 1.89 50
≥ 1 < 2 16.12 ± 1.92b 10.94 ± 2.37a 6.91 ± 1.15a 5.78 ± 2.13a 10.48 ± 1.79a 7.33 ± 1.69a 2.93 ± 1.05 56
≥ 2 < 3 16.01 ± 2.34b 12.06 ± 2.53c 7.14 ± 1.36b 5.66 ± 2.55a 10.60 ± 2.53a 7.16 ± 1.81a 3.05 ± 0.75 73
≥ 3 < 4 17.06 ± 2.88c 12.02 ± 2.66c 7.23 ± 1.37b 6.34 ± 2.90b 11.16 ± 3.85b 7.44 ± 2.04a 2.97 ± 1.46 91
≥ 4 < 5 17.56 ± 2.58c 11.94 ± 2.80b 7.59 ± 1.33c 6.68 ± 2.42b 10.91 ± 2.24b 8.18 ± 2.01b 3.15 ± 1.65 114

BW, bodyweight; BL, body length;WH, withers height;CG, chest girth;CD, chest depth; SPW, shoulder point width;RL, rump length;RW, rump width;
n, number of animals measured; AEZ, agro-ecological zone. Means within a subclass in a column with different superscripts are significantly different
(p < 0.05)

HL, head length; HW, head width; SC, shin circumference; HoL, horn length; EL, ear length; TL, tail length; HaL, hair length; n, number of measured;
AEZ, agro-ecological zone. Means within a subclass in a column with different superscripts are significantly different (p < 0.05)
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values of earlier works (Birteeb et al. 2015; Ebegbulem et al.
2011; Idrissou et al. 2017; Ibnelbachyr et al. 2015) on WAD
goats in different African countries.

Pearson’s correlation among quantitative variables
(body weight and linear body traits)

The phenotypic correlations among quantitative variables
(body weight and linear body traits) were generally and sig-
nificantly (p < 0.05) low to high which were both negative and
positive (Table 3) and comparable to the findings of other
works (Birteeb and Lomo 2015; Chacón et al. 2011). The
results obtained showed low (0.06–0.39) phenotypic correla-
tions between body weight and linear body traits such as chest
depth, head length, head width, shin/canon circumference,
horn length, ear length, hair length, and tail length, indicating
that these linear body traits make little contribution to total
body weight and hence may not be good predictors of body
weight. It further suggests that selection for these traits may
not necessarily improve body weight. Moderate (0.44–0.59)
correlations were however noticed between body weight and
body length, withers height, chest/heart girth, shoulder point
width, rump length, and rump width; these are indicators of
the body weight and carcass yield and therefore improvement
in these linear traits may improve body weight and carcass
yield reasonably (Morales-delaNuez et al. 2012). However, a
high correlation of 0.67 was observed between rump length
and rump width which implies that selection for one will im-
prove the other if this high correlation is caused by genetic
factors rather than the environment. The rump length and
width define the size of the pelvic region and relates to the
ease of giving birth by female animals, and therefore, selection
for improved rump length and width may improve the ease of
parturition when selecting for increased birth weight
(Frandson et al. 2009).

The present findings agree in part with the outcome of
Birteeb and Lomo (2015) who detected that most phenotypic
correlations among body weight and linear body traits of the
WAD goats reared in the transitional zone of Ghana were low
to moderate (0.19–0.58) with the highest between body
weight and heart/chest girth (0.67) and body weight and body
length (0.71). Admittedly, the correlations observed in the
current study are generally lower than those reported in earlier
studies (Ahmed et al. 2016; Dorantes-Coronado et al. 2015)
but may confirm other works including Chacón et al. (2011)
who noted that correlation coefficients between linear body
traits of Cuban Creole goats and their crossbreds were
generally medium as well as Sam et al. (2016) who reported
that the correlation coefficients between body weight and lin-
ear body measurements in WAD goats of Obio Akpa town of
the Akwa Ibom State of Nigeria were significantly (p < 0.001)
medium to high with values ranging from 0.57 to 0.68 and
additionally supporting the results of Idrissou et al. (2017)

who reported medium to high correlation of 0.58–0.83 for
the dwarf goats of Benin.

Regression equations to predict body weight of WAD
goats from linear body traits

The regression analyses for prediction of live body weight
from linear body measurements of WAD goats are presented
in Table 4. The linear body dimensions that could predict the
body weight of WAD goats are CG, BL, WH, RL, RW, and
SPW because they contain the main musculoskeletal system
(made up of the bones of the skeleton, muscles, body fluids,
cartilages, tendons, ligaments, joints, and other connective
tissue that supports and binds tissues and organs together)
which essentially make up the animal’s body weight. When
live weight was regressed on each of these six linear body
measurements in multiple linear regressions, all the regression
models were highly significant (p < 0.001) with low to high
prediction accuracies as the resultant percentage variances
accounted for or adjusted R2 (adjusted coefficients of determi-
nation) were generally low to high which could have been the
consequence of the low-to-moderate/high correlations be-
tween body weight and each of these linear body traits con-
sidered. The percentage variance accounted for (when
expressed as a proportion instead of a percentage is called
the adjusted R2) is a summary of how much of the variability
of a given set of response measurements can be explained by
the fitted model. The results showed that largely, a single trait
which may be used to predict the body weight of male WAD
goats of ages 1–4 years is chest/heart girth (CG) followed by
body length (BL). Specifically, the prediction equations with
the adjustedR2 for the various ages are as follows: age 1 (these
are goats between 1 and 2 years old), BW= − 22.96 + 0.71CG
(adj. R2 = 0.74); age 2 (these are goats between 2 and 3 years
old), BW= − 5.86 + 0.40CG (adj. R2 = 0.36); age 3 (these are
goats between 3 and 4 years old), BW= − 1.96 + 0.43BL (adj.
R2 = 0.36); and age 4 (these are goats between 4 and 5 years
old), BW= − 10.15 + 0.50CG (adj. R2 = 0.49). On the other
hand, body weight of female counterparts of the various age
groups may be predicted from mainly withers height (WH)
and then body length (BL) as follows: age 1 (BW = − 14.63 +
0.70WH; adj. R2 = 0.38), age 2 (BW = −9.25 + 0.55BL; adj.
R2 = 0.41), age 3 (BW= −12.38 + 0.69WH; adj. R2 = 0.39),
and age 4 (BW = 9.44 + 0.26WH; adj. R2 = 0.22).
Consequently, a single variable weight estimator measuring
tape based only on either the chest girth, withers height, or
body length prediction equations may be developed for WAD
goat keepers to use in the absence of weighing scale as sug-
gested (FAO 2012). Such measuring tapes are user-friendly
because for every centimetre (cm) on the tape, there is a cor-
responding indicative weight (kg) on the same tape which
makes it easier and convenient for farmers to use in their
households where weighing scales are virtually non-existent.
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Table 4 Prediction equations of simple and multiple regression models

Age group (years) Sex Prediction equation Adj. R2 p values

1 (≥ 1 < 2) M BW= − 22.96 + 0.71CG 0.74 < 0.001

BW= − 18.8 + 0.76BL 0.28 0.006

BW= − 28.02 + 0.19BL + 0.65CG 0.75 < 0.001

BW= − 27.15 + 0.23BL + 0.67CG − 0.28RL 0.74 < 0.001

BW= − 27.89 + 0.21BL + 0.71CG − 0.16RL − 0.21RW 0.73 < 0.001

BW= − 28.2 + 0.21BL + 0.73CG − 0.12RL − 0.21RW − 0.07SPW 0.71 < 0.001

BW= − 28.61 + 0.2BL + 0.73CG − 0.08RL − 0.23RW − 0.09SPW+ 0.02WH 0.69 < 0.001

F BW= − 14.63 + 0.70WH 0.38 < 0.001

BW= 5.71 + 0.22BL 0.14 0.016

BW= 1.64 + 0.21BL + 0.09CG 0.13 0.041

BW= − 3.53 + 0.19BL + 0.09CG+ 0.43RL 0.14 0.022

BW= − 3.86 + 0.19BL + 0.09CG+ 0.32RL + 0.12RW 0.11 0.121

BW= − 3.94 + 0.19BL + 0.09CG+ 0.31RL + 0.09RW+ 0.06SPW 0.08 0.206

BW= − 14.71 + 0.04BL − 0.17CG − 0.01RL + 0.01RW+ 0.14SPW+ 0.82WH 0.34 0.007

2 (≥ 2 < 3) M BW= − 5.86 + 0.40CG 0.36 < 0.001

BW= 0.97 + 0.32BL 0.27 0.004

BW= − 9.45 + 0.19BL + 0.29CG 0.43 < 0.001

BW= − 10.87 + 0.18BL + 0.28CG+ 0.2RL 0.41 0.002

BW= − 9.10 + 0.13BL + 0.24CG − 0.17RL + 0.59RW 0.48 < 0.001

BW= − 9.47 + 0.13BL + 0.24CG − 0.2RL + 0.57RW+ 0.06SPW 0.45 0.004

BW= − 13.84 + 0.1BL + 0.2CG − 0.28RL + 0.55RW+ 0.06SPW+ 0.23WH 0.50 0.003

F BW= − 9.25 + 0.55BL 0.41 < 0.001

BW= − 13.04 + 0.46BL + 0.14CG 0.42 < 0.001

BW= − 15.14 + 0.41BL + 0.08CG+ 0.52RL 0.43 < 0.001

BW= − 15.05 + 0.41BL + 0.07CG − 0.02RL + 0.59RW 0.47 < 0.001

BW= − 17.72 + 0.4BL + 0.02CG − 0.02RL + 0.33RW+ 0.76SPW 0.57 < 0.001

BW= − 18.79 + 0.31BL − 0.02CG+ 0.04RL + 0.12RW+ 0.71SPW+ 0.21WH 0.58 < 0.001

3 (≥ 3 < 4) M BW= − 1.96 + 0.43BL 0.36 < 0.001

BW= − 5.68 + 0.36BL + 0.13CG 0.39 < 0.001

BW= − 3.33 + 0.43BL + 0.15CG − 0.42RL 0.40 < 0.001

BW= − 0.59 + 0.41BL + 0.13CG − 1.59RL + 1.19RW 0.54 < 0.001

BW= − 0.59 + 0.41BL + 0.13CG − 1.59RL + 1.2RW − 0.001SPW 0.52 < 0.001

BW= 0.23 + 0.45BL + 0.13CG − 1.61RL + 1.23RW+ 0.02SPW − 0.08WH 0.51 < 0.001

F BW= − 12.38 + 0.69WH 0.39 < 0.001

BW= 7.14 + 0.24BL 0.10 0.008

BW= 4.83 + 0.03BL + 0.22CG 0.18 0.002

BW= − 0.21 − 0.10BL + 0.16CG+ 0.96RL 0.23 < 0.001

BW= − 0.12 − 0.01BL + 0.16CG+ 1.01RL − 0.07RW 0.22 < 0.001

BW= − 0.95 + 0.02BL + 0.07CG+ 0.65RL − 0.15RW+ 0.45SPW 0.23 0.002

BW= − 14.05 − 0.01BL − 0.01CG+ 0.16RL − 0.09RW+ 0.44SPW+ 0.56WH 0.40 < 0.001

4 (≥ 4 < 5) M BW= − 10.15 + 0.50CG 0.49 < 0.001

BW= 3.18 + 0.34BL 0.19 0.009

BW= − 9.82 − 0.03BL + 0.52CG 0.48 < 0.001

BW= − 12.33 − 0.06BL + 0.53CG+ 0.20RL 0.46 < 0.001

BW= − 14.86 − 0.06BL + 0.54CG − 0.02RL + 0.30RW+ 0.05SPW 0.45 < 0.001

BW= − 15.67 − 0.07BL + 0.53CG − 0.06RL + 0.31RW+ 0.02SPW+ 0.07WH 0.43 0.003

F BW= 9.44 + 0.26WH 0.22 < 0.001

BW= 8.13 + 0.25BL 0.08 0.005

BW= 3.07 + 0.06BL + 0.24CG 0.17 < 0.001
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The results of the current study support the findings of Birteeb
and Lomo (2015) who noticed that most of the regression
models were highly significant (p < 0.001) in predicting the
body weight of WAD goats within the transitional zone of
Ghana but with low prediction accuracies as the adjusted R2

were low/moderate (the range of 25.3% to 63.4%) when sim-
ilar variables (CG, BL, WH, and RH) were used and addition-
ally stated that body length (X) could predict body weight (Y)
with the equation, y = − 23.7 + X, with coefficient of determi-
nation (R2 = 49.8%) and further agree with the work of Hassen
et al. (2012) who detected that the use of chest/heart girth
yielded 80.7% and 9.46% while the use of body length gen-
erated 53.2% and 29.0% for two goat populations respectively
in Ethiopia.

Furthermore, the results of this contemporary study aligns
with that of Sam et al. (2016) who showed that the body
weight of some Nigerian WAD goats of 1-year-, 2-year-,
and 3-year-old could be predicted with chest/heart girth with
prediction accuracies (R2) of 0.48, 0.62, and 0.46 respectively.

Moreover, when the six major explanatory or independent
variables (CG, BL, WH, RL, RW, and SPW) for predicting
body weight were combined in a multiple regression analysis
to ascertain their pooled predictive ability, the outcome was
positive as the percentage variance accounted for or adjusted
R2 values increased significantly, implying that combination
of two or more of these variables in a model improves the
prediction of the live weight. These equations may be useful
in predicting body weight of WAD goats in on-farm research
where weighing scales are not available. These findings con-
form to other works (Birteeb and Lomo 2015; Sam et al. 2016)
which confirmed that body weight of goats could be estimated
more accurately by combination of two or more variables with
heart girth in multiple regressions.

Differentiation and classification of four WAD goat
populations in Ghana

Multivariate analyses of morphometric traits are used to eval-
uate total/combined variation within and between populations
when all morphometric variables are considered simulta-
neously, with the objective of differentiating and classifying
populations or breeds or species (FAO 2012). In the current

investigation, the canonical discriminant and stepwise dis-
criminant analyses using the PROC CANDISC and PROC
STEPDISC of SAS respectively were able to differentiate
and classify the four WAD goat populations from the corre-
sponding agro-ecological zones.

Differentiation of populations

The degree of differentiation was indicated by the
Mahalanobis distance as shown (Table 5 and Fig. 2).

From Table 5, all the populations were significantly
(p < 0.0001) distant (differentiated/separated) from each other.
However, the largest (4.62) estimated Mahalanobis distance
(D2) was between WAD goat populations in the transitional
zone (P1) and the rainforest (P3) while the least (1.61) was
observed between transitional zone (P1) and semi-deciduous
forest zone (P2); the former could be due to the fact that there
has been minimal interbreeding between the populations as a
result of large geographical separation whereas the latter
might be due to inbreeding or high interbreeding or genetic
exchange that has taken place overtime facilitated by geo-
graphical proximity. The large distance between WAD goat
populations 1 and 3 may also be attributable to natural and
artificial selection as well as adaptation to environmental con-
ditions. Thus, geographical isolation with ecological variation
can create differences in livestock populations. It is however
important to maintain the diversity found between goats in the
transitional zone and the rainforest in order to take advantage
of a well-designed interbreeding programme to improve the
economic traits (growth rate, weight gain, matured weight) of
these goats. Advisedly, the National Goat Breeding Station in
the transitional zone which is earmarked to be restocked with
new goats under the ‘Rearing for Food and Jobs Initiative’
may consider screening and obtaining goats from different
districts of the rainforest. On the other hand, the short
Mahalanobis distance between populations 1 and 2 suggest
intermingling between these goat populations and hence
may be homogenous and share similar genetic identities
(genes). This could nevertheless be checked by discouraging
the seemingly unrestricted and indiscriminate mating of goats
from these two neighbouring populations since further reduc-
tion in the distancemight result in high inbreeding levels and a

Table 4 (continued)

Age group (years) Sex Prediction equation Adj. R2 p values

BW= 1.89 + 0.04 + BL + 0.23CG+ 0.18RL 0.17 < 0.001

BW= − 4.41 + 0.16BL + 0.17CG − 0.3RL + 0.69RW+ 0.09SPW 0.29 < 0.001

BW= − 7.84 + 0.17BL + 0.09CG − 0.35RL + 0.69RW+ 0.07SPW+ 0.2WH 0.40 < 0.001

BW, body weight; BL, body length; WH, withers height; CG, chest girth; SPW, shoulder point width; RL, rump length; RW, rump width; M, male; F,
female; Adj. R2 , adjusted R2 (percentage variance accounted for)
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decrease in diversity. One way to curb the uncontrolled move-
ment of goats between P1 and P2 is to setup goat market
within the middle belt as part of the goat value chain where
sellers and buyers can trade; and by using animal identifica-
tion, the Ghana Post GPS digital address and digital photo-
graph of the animal (taken at the point of sale) as requirements
for selling or buying or moving (veterinary movement permit)
goat, we may be able to check the migration of identified
animals. Again, since ecological closeness has been found to
aid indiscriminate mating of animals, in the absence of animal
migration and molecular genetic characterization data (on in-
breeding among populations), the rule of thumb should be that
animals to be used for breeding must be selected from popu-
lations that are separated by wide geographical area. The find-
ings of the present study agree in part with that of Radhika
et al. (2018) who noted greatest Mahalanobis distance (D2) of
8.92 and shortest (0.28) for goat genetic groups of India as
well as the outcome of the investigation by Yakubu and

Ibrahim (2011) who reported that all between-breeds (pair-
wise) Mahalanobis distances were significant (p < 0.0001)
and ranged from largest distance (4.83) to smallest distance
(1.79) in sheep breeds of Nigeria. The outcomes of the current
work also align with that of Goitom et al. (2019) who noted a
Mahalanobis distance of 1.93 between Highland and Western
lowland cattle, 5.10 between Highland and East Coast cattle,
and 4.72 betweenWestern lowland and East Coast cattle pop-
ulations of Eritrea.

Classification of populations

The level of similarity between individuals within populations
which is used to classify the former into the latter is shown in
Table 6.

In the contemporary work, the discriminant analysis was
able to classify most of the individual goats into their re-
spective populations (except those in the transitional zone

Table 5 Matrix of Mahalanobis
distance between WAD goat
populations based on
morphometric traits

Population (P) P1 P2 P3 P4

P1 1.61 (p < 0.0001) 4.62 (p < 0.0001) 2.72 (p < 0.0001)

P2 4.30 (p < 0.0001) 3.02 (p < 0.0001)

P3 4.26 (p < 0.0001)

P4

P1 transitional zone WAD goats, P2 semi-deciduous forest WAD goats, P3 rainforest WAD goats, P4 coastal
savannah WAD goats

Discrimination plot for the first two canonical components

1

2
3
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Fig. 2 Discrimination plot of four
WAD goat populations indicating
differentiation and similarity
(classification) based on the
Mahalanobis distance
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P1) by assigning an observation the class/population that it
is closest to (Table 6), based on the Mahalanobis distance
(Table 5). This implies that the canonical components (lin-
ear combinations) captured most of the between-class/pop-
ulation variation of the data and therefore the highlighted
(italicized) values on the main diagonal (P2 versus P2, P3
versus P3, and P4 versus P4) are large with the exception
of P1 versus P1, compared to the off-diagonal values
(misclassified). The highest similarity between individuals
within population was found in the rainforest (79.76%) and
the lowest in the transitional zone (47.13%). The results
further indicate that 32.18% of goats in the transitional
zone were misclassified as semi-deciduous forest goats
whereas 16.51% of the latter were wrongly assigned to
the former, providing additional evidence of intermixing
of the two populations. In effect, it is possible to use ca-
nonical discriminant analysis to discriminate (differentiate)
between these populations of WAD goats by using three
canonical components that are linear combinations of
physical measurements or morphometric traits; the first
three canonical components are good discriminators for
the populations. Attempting to discriminate by using only
two canonical components leads to classification errors,
because the projection onto the span (the span of a set of
vectors is the vector space consisting of all linear combi-
nations of the vectors) of the first two canonical compo-
nents does not separate the populations completely, espe-
cially P1 and P2 as illustrated in the graph in Fig. 2. These
findings agree somehow with that of Yakubu and Ibrahim
(2011) who detected that most Balami sheep (61.45%)
were classified into their source genetic group, while
41.22% of Uda sheep were misclassified as Yankasa sheep
while 35.35% of Yankasa were wrongly assigned as Uda
sheep, showing the level of genetic exchange that had

taken place between the two breeds in the past. The out-
come further conforms to that of Sanni et al. (2018) who
reported that 70% of Kalahari Red, 68.9% of Red Sokoto,
and 79.5% of Sahel goats were classified into their genetic
groups. The results of the current research are however
lower than that of Batubara et al. (2011) who recorded a
classification rate of 82.50–100%, but nonetheless higher
than the values obtained by Yakubu et al. (2010) who stat-
ed that only 24.38% of rainforest, 22.86% of Guinea sa-
vannah, and 45.95% Sudan savannah WAD goats in
Nigeria were classified into their source population. The
variations in the findings of the present work and that of
others might be due to the differences in species, breeds,
populations, and agro-ecological zones.

Partitioning of between-population variances

Table 7 displays the total canonical structure (original
morphometric traits and their canonical coefficients used
to derive the canonical components) whereas Table 8
summarizes the total canonical structure into the three
canonical functions/components/variables (Can1, Can2,
and Can3) and their highest possible multiple correlations
(r) with the populations, eigenvalues (dimension-reduc-
tion or transformational factor of the covariance matrix),
and proportion/percentage of between-population varia-
tion explained by each eigenvalue and its corresponding
canonical component. The relative importance of the ca-
nonical components in partitioning the variance between
populations depends on the eigenvalue; the higher the
eigenvalue, the greater the proportion of variance

Table 6 Classification matrix of the number of observations and
percent classified into populations of WAD goat based on
morphometric traits

Population (P) P1 P2 P3 P4

P1 41
47.13

28
32.18

6
6.90

12
13.79

P2 18
16.51

75
68.81

8
7.34

8
7.34

P3 5
5.95

7
8.33

67
79.76

5
5.95

P4 15
14.42

10
9.62

21
20.19

58
55.77

Error level for populations 52.87 31.19 20.24 44.23

Prior probability (priors) 0.25 0.25 0.25 0.25

*Italicized values on diagonal are numbers and percentages classified into
respective populations

Table 7 Total canonical structure (canonical variables/components or
functions) of morphometric variables of WAD goats

Variable Can1 Can2 Can3

BW 0.088952 − 0.000806 0.467716

BL 0.273697 − 0.423299 0.207340

WH 0.155943 − 0.178925 0.463562

CG − 0.025813 − 0.275881 0.211926

CD 0.192550 0.071893 0.238835

SPW 0.087710 0.170703 0.712478

RL 0.332374 − 0.051746 0.237684

RW 0.234199 0.266806 0.510300

HL 0.339855 − 0.422802 0.484923

HW 0.291117 0.366291 0.317042

SC − 0.284482 − 0.050465 0.094139

HoL 0.042106 0.093346 − 0.052615
EL 0.173881 0.531371 0.178076

HaL − 0.082031 − 0.016999 0.145758

TL 0.629463 − 0.104191 − 0.235013

Trop Anim Health Prod (2021) 53: 69 Page 11 of 14 69



accounted for and therefore the first few canonical com-
ponents with high eigenvalues account for much of the
variation in the dataset.

Linear combinations of canonical (Can)
variables/functions/components of total
canonical structure (based on Tables 7 and 8)

Can1 = 0.08895BW + 0.27370BL +……0.62946TL (r =
0.62)Eigenvalue (0.63); percentage variance explained
is 49.56%

Ca n 2 = − 0 . 0 0 0 8 1BW − 0 . 4 2 3 3 0BL + …… −
0.104191TL (r = 0.55)Eigenvalue (0.44); percentage variance
explained is 34.79%

Can3 ¼ 0:46772BWþ 0:20734BLþ……−0:23501TL r ¼ 0:41ð Þ
Eigenvalue 0:20ð Þ; percentage variance explained is 15:65%

In the current investigation, the three canonical compo-
nents (Can1, Can2, and Can3) with corresponding eigen-
values of 0.63, 0.44, and 0.20 explained the total (100%)
between-population variation in morphometric traits.
However, in partitioning of the variance, the first canonical
component (Can1) with the highest eigenvalue explained
relatively higher proportion (49.56%) whereas the second
(Can2) with the next highest eigenvalue explained 34.79%,
thus both (with cumulative eigenvalue of 1.07) accounting
for cumulative proportion of 84.35% (a high representa-
tion) of between-population variance in morphometric
traits of WAD goats from different agro-ecological zones.
These results are parallel to the findings of the study by
Jimcy et al. (2011) who documented that the two first ca-
nonical variables represented a cumulative total of 89.9%
of total variation and further agrees with other works
including Dauda et al. (2018) and Vargas et al. (2019).

Most discriminating traits for the populations

The stepwise selection summary (Table 9) shows traits that
have higher discriminating power (contributing significantly
to the aggregate differentiation/variation) depending on the
partial R2 and F value.

The comparative importance of themorphometric variables
in discriminating between the WAD goat populations was
evaluated using the level of significance (p < 0.0001), partial
R2 and F statistic/value (the higher these values, the greater the
discrimination) in a stepwise discriminant function procedure
which showed that chronologically, tail length (TL), head
length (HL), ear length (EL), shin circumference (SC), head
width (HW), and shoulder point width (SPW) were the most
differentiating variables responsible for the variations/
diversities among the four goat populations. These six mor-
phometric variables have also been found by other works
(Dauda et al. 2018; Yakubu and Ibrahim 2011; Pundir et al.
2015) to be powerful discriminators in differentiating among
species, breeds, and populations of livestock in other countries
and therefore support the findings of the current study.
Consequently, these traits might be priority traits when dis-
criminating and classifying WAD goat populations based on
morphometric variables.

Conclusions

The study revealed the influence of agro-ecological zone
and age on the performance of most morphometric traits
while there was no sexual dimorphism regarding the traits
measured. The regression analysis also revealed that a sin-
gle trait which may be used to predict the body weight of
male WAD goats of ages 1–4 years is chest/heart girth
(CG) and that of female counterparts is withers height
(WH). Again, the differences in performance of the traits
across the various agro-ecological zones were as a result of
differences in genetics and environmental conditions and
as such the superior performance of goats in the transition-
al zone could be due to the fact that these goats may have
been improved through selection and good management
practices. The high differentiation (low similarity) between
WAD goats in the transitional zone and the rainforest could
be due to the fact that there has been minimal interbreeding
between the populations as a result of large geographical
separation and the low differentiation (high similarity) be-
tween the transitional zone and semi-deciduous forest pop-
ulations might be due to inbreeding or high interbreeding
or genetic exchange that has occurred overtime facilitated
by geographical proximity. However, since ecological

Table 8 Summary of total
canonical structure Canonical

functions
Canonical
correlation (r)

Eigenvalue Proportion of variance
explained

Cumulative variance
explained

Can1 0.6208 0.6271 0.4956 0.4956

Can2 0.5528 0.4401 0.3479 0.8435

Can3 0.4065 0.1980 0.1565 1.0000
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proximity has been found to aid indiscriminate mating of
animals, in the absence of animal migration and molecular
genetic characterization data (on inbreeding among popu-
lations), it is important that animals to be used for breeding
are selected or obtained from populations that are separated
by a wide geographical area. In summary, morphometric
variations exist among West African Dwarf goat popula-
tions of Ghana. However, further studies on molecular ge-
netic diversity of the populations are suggested to support a
sustainable breed improvement strategy. Also, equations
have been developed that can be used to reliably predict
the body weight of WAD goats and future research should
also focus on developing single variable weight estimator
measuring tapes based only on either the chest girth, with-
ers height, or body length prediction equations for farmers
to use in the absence of weighing scale.
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