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Abstract:

In order to study the biodiversity of Cameroon indigenous Djallonke sheep, a study was conducted between July and
September 2016 in the Sudano-Guinean zone of Cameroon. A total of 280 adult sheep (24 months old) including 77
males and 203 females from 112 farms in 13 districts of 4 divisions was measured and analyzed. The variance analysis
showed variability in the population. According to the principal components analysis, the body length, chest
circumference, withers height and the live weight were potentially discriminating characters of the ovine population
studied. The discriminant analysis revealed a population made of three genetic types with genetic type | having the
highest characteristics. The phylogenetic analysis showed that type Il and Il are closer and type | and Il are
genetically more distant. High intra-genetic variability was observed within the population studied. The linear
regression equation (LW = 0.8092CG + 58.923) with a coefficient of determination (R2 = 0.66) predicts better the
liveweight. This results offer possibilities for genetic improvement. Characterization, leading to conservation
andsustainable use of indigenous sheep genetic resources in Cameroon’s smallholder production system. The
possiblethreats to the current potentials may be genetic erosion, climate change, low productivity and disease
susceptibility.
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Introduction

Small ruminants contribute to 17% of meat consumption in Africa (FAO, 2009). Sheep represent an
important economic value breed (Boutonnet, 2003) and can be raised in all agro-climatic zones around the
World due to its hardiness, hunger resistance, disease resistance and his relative trypanotolerance (FAO,
2008).

In Cameroun, Sheep are estimated to be 3 million heads and have an undeniable socio-economic importance
(Manijeli et al., 1995, Sounchio 2003, Ngoula et al., 2008, Wikondi, 2010 and Tendonkeng et al., 2013).
Djallonke breed which is common in West and Central Africa seems to be the most encountered in 4 of 5
Cameroon agro ecosystems (Manjeli et al., 1995). This valued breed is well accepted in Cameroon farming
system (Djoufack, 2015; Jafe, 2016). However, very little information on their phenotypic and genetic
diversity, particularly sheep from the Sudano-Guinean region is available.

According to the priority given to the improved and exotic breed, local breeds are now largely endangered
and may be extinct in the near future. This continued disappearance of local breeds constitutes a disaster for
the gene pool which could cause the lost of performance, disease resistance, tolerance to extreme
environmental conditions. Knowledge on animal genetic resources (FAO, 2012) and their performances
(Bouchel et al., 1997) constitute strategies for analyzing domestic animal populations and are fundamental
for their sustainable use, improvement and their conservation. As emphasized by Food and Agriculture
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Organization, information provided by phenotypic characterization studies is essential for planning the
management of animal genetic resources for food considered particularly as a crucial key for development of
developing countries where the level of livestock knowledge is insufficient. Traoré et al. (2008) demonstrate
that phenotypic characterization of breeds is the pillar for genetic improvement and conservation of domestic
animals. However, in the Sudano-Guinean zone of Adamaoua in Cameroon, no literature has mentioned on
phenotypic characterization of sheep, hence the need for this study.

The aim of this study is to characterize phenotypically sheep population in the Sudano-Guinean zone of
Cameroon using quantitative traits which will contribute to their improvement and conservation.
Specifically, its aim is to assess morphbiometric traits, to establish barymetric equation for weight
determination, and to analyze the genetic variability and structure of this native sheep ecotype.

Material and Methods
Description of the study Area

This study was conducted from July to September 2015 in Sudano-Guinean region of Adamaoua plateaux
which covers an area of 720000 km?. The region is a vast plateau and has an altitude varying between 900
and 1500m with peaks reaching 1800m. The region is located between 6°to 8° latitude north and between
10° to 16° longitude east. The climate type is Sudano-Guinean. The average temperature is around 20 ° C.
The region, sometimes records up to 7 months of rainfall per year and averages of 1772mm with a maximum
of 2172.5mm registered at Tibati in the Djerem Division. The vegetation cover is mainly made up of
Sudano-Guinean savanna (SDRADDT, 2002). Many rivers of the country (for example the Sanaga and the
Logone Rivers) have their sources from this region (SDRADDT, 2002). Livestock is the basic economic
activity of the population. Cattle, sheep, goats, poultry and pigs are animals raised in the region.

Sampling and data collection

Sample size and its distribution in the different divisions of the region depended on the required precision
and the variability of sheep population. Sample size was determined according to the recommendations from
FAO (2013). The repartition of samples in the region was made according to the statistical data provided by
the regional delegation of MINEPIA on the distribution of sheep populations in the different divisions of the
Adamaoua region.

A total of 203 female sheep and 77 rams from local breed, known as Djallonke ecotype were sampled in 112
farms from 4 divisions: Vina, Djerem, Mbere and Mayo Banyo (Table 1). The choice of animals was based
on observations made on the field: the physical appearance of the animals (vertebral prominence, scapular
and lumbar bone, prominence of the flanks, absence of injuries), health apparent state (peel gloss, absence of
discharge, respiratory rate and pulse, color of the mucous membranes) and the age (at least 24 months old)
which was determined on the basis of the dentition (Bouchel et al., 1997). The target population consisted of
all breeders who had at least five (5) sheep in their flock.

Data were collected according to the snowball method. All measurements for the morphobiometric
characterization were taken according to Lauvergne approach (1986) and the FAO (2013) recommendations.
Measurements were done in the morning before the animals were released for grazing on a total of 18
quantitative traits (Table. 2) and using the same materials (portable electronic scales, metric maps and
measuring sticks) on all animals measured.

Table 1: Sample distribution in the region of study

Sex _ Divisions _

Vina Mbere Djerem Mayo Banyo Total
Rams 35 13 9 20 77
Ewes 78 55 32 38 203
Total 103 68 41 58 280
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Table 2: Quantitative measures considered for Sudano Guinean local sheep breed Characterization

Quantitative variables Symbol Definition

Head Length? HL Distance between the upper limit of the forehead to the tip of the nose

Neck Length? NL Distance from the throat to the tip of the shoulder in the medium

Ear Length? EL Distance from the base to the tip of the right ear, along the dorsal surface

Body Length? BL Distance from the base of the neck to the base of the tail

Trunk Length? TL Distance between the front of the scapula to pin bone

Pelvis Length? PL Distance between the two points of coxal bone

Tail Length? TL Distance from the root of the tail to the tip

Withers Height® WH Height from the top of the withers to the ground

Back Height® BH Height from the high point of the back to the ground

Sacrum Height® SH Height from the top of the rump to the ground

Chest Circumference? CcC Perimeter of the chest

Chest Depth? CD Vertical distance from the top of the withers to the xyfoid process of the
sternum

Chest Width? CWwW Maximum intercostal diameter at the level of the 6" rib behind the elbows

Hip Width? HW Larger of the hip

Ischium Width? W Distance between Ischia

Cannon Circumference? CcC Perimeter of the canon on the anterior leg

Flank Depth? FD Vertical distance of the flank

Body weight! BW Live weight

The numbers indicated the measuring tools used: 1: portable electronic scales, 2: metric maps and 3: Measuring stick
Statistical analysis

All the quantitative traits were submitted to the variance analysis (ANOVA); means, standard deviation,
standards errors and coefficients of variation were computed. When the effect of the division was significant,
the test of Duncan was used for mean separation. The meaning and the association degree of the biometric
parameters were tested by the Pearson correlation coefficient at the significance level of 1% and 5%. A
barymetric equation for the estimation of live weight was determined through the regressions made on the
guantitative variable. Principal Component Analysis permitted to determine the degree of similarity and the
genetic variability of the population. Discriminant factor analysis was applied to determine the population
structure. The relationship between the different genetic types within the population was determined by the
construction of the phylogenetic tree according to the Hierarchical Ascending Classification protocol. All
these analyze were done with SPSS 21.0 and XLSTAT statistical software.

Results
Main metric characteristics

The average values of the measurements (Table 3) vary according to the division; the division of Vina
recorded high average of body weight and most of the measurements at the significance level (p<0.05)
compared to animals from other divisions; this would be justified by the fact that in the Vina division, semi-
extensive breeding system is the most practiced by famers. In this system, animals are supplemented with
feeds and dewormed. There were no significant differences between (p <0.05) the horn lengths for animals
from all the divisions. The coefficient of variation for body weight and all measurements varied between
21.94% (Ear length for which sheep are more heterogeneous) in Mayo Banyo division and 6.12% (wither
height for which sheep are more homogeneous) in Djerem division. Body weight and all measurements were
significantly (p <0.01) and positively correlated with each other except with neck length (Table 3). However,
the highest positive correlation (p <0.01) was observed between body weight and thoracic girth (0.816). The
Pelvis length was positively correlated only with the head length.
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Table 3: Mean, standards errors and coefficients of variation of quantitative traits on local sheep breed from Sudano
Guinean zone in Cameroon

Divisions
Vina Mbere Djerem Mayo Banyo Total
Measurements M £SE cv M £SE CcVv M £SE Ccv M £SE Ccv M £SE Ccv
(in cm) (n=113) (%) (n=68) (%) (n=41) (%) (n=58) (%) (n=280) (%)

BW 31.11+0.63> 21.63 29.79+0.61® 11.05 28.06£0.72®8 1650 29.04+0.74% 1952 29.91+0.35 19.85
HL 20.60+0.22° 11.60 19.86+0.17%  7.15  19.29#0.22® 756  20.05+0.18* 7.13  20.11#0.11  9.59
EL 15.85+0.30° 20.31  13.28+0.24° 1543 13.06+0.22% 11.17 12.73+0.43% 26.00 14.17+0.18 21.94
NL 20.72+0.218 1119  20.30+0.20®  8.27  20.34+0.31* 9.83 20.93+0.23* 845 20.60+0.12  9.85
BL 67.14+0.74> 1179  61.40+0.56%  7.55  59.28+0.74°  8.02 59.58+0.63*  8.15  63.03x0.45 11.29
TL 41.38+0.68° 17.66 37.30£0.32%  7.13  36.76x0.75*° 13.16 38.80+0.36°  7.06  39.18+0.33 14.39
PL 19.42+40.23* 13.02  19.50+0.17¢  7.23  20.43+0.21° 6.70  20.92+0.27° 10.13 19.90+0.12 10.80
cC 84.72#0.61° 7.73  82.36x0.56> 569  80.08+0.72® 576  83.09+0.74*  6.83  83.13+0.35 7.08
CD 31.95+0.53> 17.87 28.38+0.28* 8.35 28.58+0.39° 19.41 27.06+0.39* 11.04 29.58+0.27 15.58
CW 20.54+0.25¢ 1324  18.77+0.21° 958  17.85+0.33" 12.04 16.79+0.33* 15.00 18.94+0.16 14.83
HW 21.95+0.24> 11.89  19.30+0.25*  10.72 19.53+0.20° 6.81 19.67+£0.212  8.28  20.48+0.14 12,01
\ 10.86+0.16°  16.39 9.54+0.152  12.89  9.31+0.15* 10.52  9.66+0.16* 13.25 10.06%£0.09 15.90
WH 72.33+0.48"  7.13 69.07£0.392 470  68.34+0.44*  4.18 69.00+0.40°  4.46  70.26%0.26 6.24
BH 69.77+0.45°  6.95 66.58+0.372  4.64  66.02+0.42°  4.07 66.70+0.38* 443  67.81+0.24 6.12

SH 71.23+0.48°  7.18 67.91+0.372 449  67.53+0.43* 416 67.84+0.39° 437 69.18+0.25 6.23
FD 26.65+0.38" 15.23  24.27+0.26  9.02  23.43+0.34° 9.43 25.03+0.29° 1346 25.03x0.20 13.46
Cc 9.20+0.13"  15.32 8.25+0.11* 1127  8.53+0.15* 11.25  8.44+0.12® 1113  8.71+0.07 14.00
TL 44,67+0.66° 1593 42.79+0.57® 11.05 40.92+0.64° 10.09 42.00+0.75° 13.64 43.11+0.36 14.08

Head Length (HL). Ear Length (EL). Neck Length (NL).Body Length (BL). Trunk Length (TL). Hip Width (HW). Pelvis Length (PL). Ischium
Width (IW). Chest. Circumference (CC). Chest Depth (PP). Chest Width (LP). Withers Height (WH). Sacrum Height (SH). Back Height (BH). Flank
Depth (FD). Cannon Circumference. (Cc). Tail Length (TL). Body Weight (BW)

Table 4: Correlation between quantitative traits

HL EL NL BL TL HW PL [\ CC CD CW WH SH BH FD Cc TL BW
HL 1
EL 0.341" 1
NL 0.59 0.077 1
BL 0.533" 0360 0.181™ 1
TL 0.479™ 0.307" 0.231" 0.637 1
HW 0371 0375 0.128" 0456 0.387" 1
PL 0.190™ -0.047  -0.074  0.057 0.010 0.000 1
Iw 0313 0.246" 0.057 0.498™ 0.339™ 0.359™  0.055 1
CC 0571 0.162™ 0.79 0.599™ 0.410™ 0468 0.369" 0.408™ 1
CD  0413" 0471 075 0.491™ 0370 0.382" 0.090" 0.292™ 0.385" 1
CW  0.304™ 0447 0.068 0.518™ 0.306™ 0420 -0.032  0.240™  0.456 0513 1
WH 0.633" 0517" 0122° 0.614™ 0461 0575" 0.210" 0.384" 0.674" 0.546™ 0.542" 1
SH 0.614™ 0523 0.151" 0.611" 0.446™ 0.536™ 0.216™ 0366~ 0656~ 0.522" 0537 0.938" 1
BH 0.624™ 0514 0.136™ 0.621™ 0.453" 0.545™ 0.242" 0.381" 0.671" 0.519” 0.518™ 0.969™ 0.955" 1
FD 0.499™  0.494™ 0187 0.581™ 0590 0.486™ 0.110 0.355™ 0554 04777 0522 0.635" 0.640" 0641 1
Cc 0.435™  0.405™  0.051 0.498™  0.442" 0.387"  0.109 0.357  0.459™ 0.376™ 0.361™ 0.585™ 0.560™ 0.581" 0524 1
TL 0.292"  0.455™  0.091 0.263™ 0.150™ 0.256™ 0.179" 0.275" 0.290" 0.210™ 0.276™ 0.531" 0.538" 0537 0.385" 0.330™ 1
BW  0.581™ 0.241"  0.095 0.586™  0.394™ 0.495™ 0.366™ 0.393™ 0.816" 0.432" 0.453" 0.677" 0.661™ 0.665™ 0.605" 0.427" 0.338" 1

*.=p<0.05) ;**= p<0.01)
Head Length (HL). Ear Length (EL). Neck Length (NL).Body Length (BL). Trunk Length (TL). Hip Width (HW). Pelvis Length (PL). Ischium
Width (IW). Chest. Circumference (CC). Chest Depth (PP). Chest Width (LP). Withers Height (WH). Sacrum Height (SH). Back Height (BH). Flank
Depth (FD). Cannon Circunference. (Cc). Tail Length (TL). Body Weight (BW)

Live weight predictive equations

Different forms of barymetric equations to predict the live weight (Table 5) were elaborated from thoracic
girth (TG), wither height and body length which was significantly (p <0.01) and strongly correlated with live
weight (noted LW). The regression made on these variables showed that the linear equation as follows,
LW = 0.8092TG + 58.923 could better predict the live weight of this sheep population studied according to
its simplicity in handling.
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Table 5: Predictive equations for the live weight determination on sheep population from Sudano Guinean zone in
Cameroun

Equations Models Variables Equations R2
Linear Withers Height BW = 0.5002WH + 55.301 0.45
Body Length BW = 0.7015BL + 42.047 0.34

Chest Circumference BW = 0.8092CC + 58.923 0.66

Logarithmic Withers Height BW=14.595In(WH) + 20.947 0.47
Body Length BW=20.133In(BL) — 5.001 0.30

ChestCircumference BW=24.087In(CC) + 1.7375 0.64

Polynomial Withers Height BW= 0.0092WH?- 0.0885WH + 64.365 0.47
Body Length BW= 0.0204BL2-0.6042BL+ 62.149 0.37

ChestCircumference BW= 0.0054CC? + 0.4615CC + 64.277 0.66

Power Withers Height BW= 35.26WH020% 0.42
Body Lenght BW= 22.455B.930% 0.31

ChestCircumference BW= 31.583CC%%87 0.64

Exponential Withers Height BW= 57.001g0-0069WH 0.45
Body Length BW= 45,792¢0.01058L 0.34

ChestCircumference BW= 62.377g00095CC 0.66

Genetic variability and population structure

The principal component analysis based on the contribution of 18 quantitative traits for the genetic
variability analysis (Table6) shows that the cumulative variance of the 15 first components explained at
98.59% the genetic variability observed in the study population. In addition, the 2 first components (head
length and ear length) contributed for 54.99% to the genetic variability observed within sheep population.

The population structure obtained from discriminant factor analysis (DFA) revealed that three genetic types
I, 1 and Il constitute the sheep population studied. The genetic type | has high values of traits studied,
followed by genetic type Il and genetic type Ill (Table 7). Within the same sheep population, the intra-
genetic type variability (59.56%) was higher compared to inter- genetic type variability (40, 35%) (Table 8).

The relationship between genetic types was illustrated by the phylogenetic tree (Figurel). While confirming
the structure of the population, the phylogenetic tree (Figure 2) revealed that genetic types Il and Il1 are very
close while the genetic type | is farther away from Il and IlI. This approximation should be probably related
to the genetic distance that should exist between the 3 genetic types. Moreover, the population consists of
two subgroups with a subgroup made of genetic types Il and Il which seem to have a very large number of
alleles in common and could have a common origin and the second subgroup constituted by the genetic type
I. These results can be verified by a molecular characterization of this studied sheep population.
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Table 6: Contribution of 18 main components on the variability analysis of the indigenous sheep from Sudano Guinean
zone of Cameroun

Components Variables Proper value Variance Cumulative
(%) variance
CP1 Head Length (HL) 8.248 46.823 46.823
CP2 Ear Length (EL) 1.470 8.168 54.991
CP3 Neck Length (NL) 1.231 6.837 61.829
CP4 Body Length (BL) 0.992 5.510 67.339
CP5 Trunk Length (TL) 0.854 4.745 72.084
CP6 Hip Width (HW) 0.771 4.285 76.369
CP7 Pelvis Length (PL) 0.685 3.804 80.173
CP8 Ischium Width (IW) 0.583 3.239 83.412
CP9 ChestCircumference (CC) 0.565 3.137 86.550
CP10 ChestDepth (PP) 0.527 2.929 89.479
CP11 ChestWidth (LP) 0.417 2.314 91.793
CP12 Withers Height (WH) 0.365 2.027 93.821
CP13 Sacrum Height (SH) 0.347 1.930 95.751
CP14 Back Height (BH) 0.283 1.573 97.324
CP15 Flank Depth (FD) 0.229 1.274 98.598
CP16 Cannon Circunference (Cc) 0.166 0.920 99.518
CP17 TailLength (TL) 0.061 0.339 99.857
CP18 Body Weight (BW) 0.026 0.143 100.00

Table 7: Genetic types characteristics of indigenous sheep

Measurements

Genetic  HL EL NL BL TL HW PL W cC CD cw WH SH BH FD Cc TL BW
types

| 2476 1946 2173 80.65 5096 26.07 20.38 1242 9642 36.76 23.03 8188 80.73 7857 3300 10.84 52.07 4331
1l 20.65 1510 20.72 6529 4060 21.00 2020 1047 84.96 31.08 1991 7243 7131 6998 2619 9.16 4550 3257
Il 19.26 1293 2041 5959 3696 1951 1961 952 8043 2769 1777 6743 66.39 6506 2336 816 4033 26.51

Head Length (HL). Ear Length (EL). Neck Length (NL).Body Length (BL). Trunk Length (TL). Hip Width (HW). Pelvis Length (PL). Ischium
Width (IW). Chest. Circumference (CC). Chest Depth (PP). Chest Width (LP). Withers Height (WH). Sacrum Height (SH). Back Height (BH). Flank
Depth (FD). Cannon Circumference. (Cc). Tail Length (TL). Body Weight (BW)

Table 8: Intra and Inter genetic type variability

Genetic types Absolute Variable Variation degree (%)
Intra-genetic type 189.492 59.65%
Inter-genetic type 128.189 40.35%
Total 317.681 100.00%
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Figure 2: Phylogenetic tree of native sheep types

According to Esquivelzeta et al. (2011), the genetic variability is an important factor for the improvement of
animal performances through selection. However, the coefficient of variation of 18 quantitative traits from
Djallonke sheep ecotype of Sudano Guinean varies between 6.12 % and 21.94% showing variability within
individuals according to the different divisions. The results are similar to those obtained by Jafe (2016) on
Djallonke sheep ecotype in North-West Cameroon (CV varying between 6.75% and 22.2%). The
guantitative variable shows strong variability considering the factor division. The Vina division sheep
sample was clearly distinct from sheep in other three divisions.

Some measurements such as the average of wither height (70.26 + 0.26cm), head length (20.11 + 0.11cm),
ear length (14.17 £ 0.18cm), tail length (43.11 £ 0.36¢cm), hips width (20.48 £ 0.14cm), pelvis length (19.90
+ 0.12cm), canon circumference (8.71 + 0.07cm) were close to findings obtained by Djoufack (2015) and
Belaid et al. (2012) respectively on Djallonke sheep from Western Cameroon and the Sélif region in Algeria,
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while were slightly different from those obtained by Jafe (2016) on Djallonke sheep in North West
Cameroon. These differences could be explained by the variation of endogenous factors (breed, ecotype,
genetic distance, etc.) or exogenous factors (climate, forage availability, flock management etc.). Belaid et al
(2012) obtained on Sélif sheep in Algeria relatively higher averages values for than our results on the sacrum
height (69.18 £ 0.25cm) and the wither height (67.81 + 0.24cm).

The results obtained on the thoracic girth (83.13 + 0.35cm), body length (63.03 + 0.45cm) are similar to
those found by Charray and al. (1980) on Macina sheep. Tobit (1990) and Wilson (1992) found on Djallonke
sheep a body length varying between 60 and 65 cm. On the other hands, the figures in these results are
slightly higher to the results found by Jafe (2016) in North-West Cameroon and slightly lower than the
results obtained by Yunusa et al.. (2013) with an average thoracic girth of 66.93 = 0.43cm, 69.97 + 0.42cm,
71.06 = 0.67cm respectively on Yankasa, Uda and Balami sheep breeds in Nigeria. The value of the thoracic
depth (29.58 + 0.27cm) was slightly higher than that obtained by Birteeb et al. (2014) on Djallonke sheep in
northern Ghana (27.73 + 0.52 cm), Vallerand and Brankaert (1975) on Djallonke sheep in Cameroon,
Charray et al. (1980), Tobit (1990) and Wilson (1992) on the same sheep and Sibomana (1998) in local
Rwandese and Burundian sheep for which relatively lower values (25cm) were obtained.

Vallerand and Branckaert (1975) found a mean of the body weight varying between 20-30kg on Djallonke
sheep population in Cameroon, which encompasses the observations (29.91 + 0.35kg) in this study. On the
other hands, these figures are slightly higher than the results obtained by Djoufack (2015) in West Cameroon
(25.77kg), Salako (2006) on the Djallonke sheep in South-West Nigeria (25.03kg), Traoré et al. (2008) on
the Mossi sheep in Burkina (23.3kg), and Birteeb and Donkor (2016) on the Djallonke sheep (26.92kg).
These differences observed on Sudano Guinean sheep from others Djallonke and African sheep breeds or
population demonstrated the existence of a particular type of sheep population due to a specific production
system, genetic make-up and other environmental conditions.

Differences observed between the degree of intra and inter genetic variation could be explained as the
consequence of a possible uncontrolled mating system between flocks on a restricted forage areas.
Migrations or exchanges of breeding stock in this environment could also explain this low degree of inter-
genetic variation. These factors had been high lited earlier by Esquilvezeta et al. (2011) and Agiviezor et al.
(2012) as sources of difference between intra and inter genetic variation within a sheep population.

Conclusion

About the biodiversity of indigenous sheep population of Sudano-Guinean zone in Cameroon, the main
results showed the existence of diversity in the local Djallonke sheep population. However, ear length was
the most dispersed character and the height at withers was the least dispersed in this population. Body
length, thoracic girth, height at withers and live weight were potentially discriminating characters of the
ovine population studied. The linear equation based on the thoracic girth with a high coefficient of
determination predicts better the live weight. Three genetic types with high intra-genetic variability clustered
into 2 sub-groups exist in this local sheep population. Due to the observed variability, selection is the most
appropriate method to improve this sheep population.
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