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Abstract

A survey was conducted in Sahelian and Sudanian agroecological zones to assess the biometric features of the native
Fulani sheep breed. 309 adult Fulani sheep individuals were sampled in the dominant pastoral production system.
Seventeen (17) body measurements were recorded using the tape measure: Height at withers at (HW), Rump height
(RH), Chest circumference (CC), chest depth (CD), body length (BL), total body length (TBL), rump length (RL),
rump width (RW), neck length (NL), head length (HL), head width (HW), ear length (EL), tail length (TL), barrel
circumference (BC), testicle length (TesL), testicle circumference (TesC) and body weight (BW). Based on these
body measurements, eleven (11) biometric indexes were calculated (sternal slenderness index, auriculo-thoracic
index, format index, compactness index, massiveness index, slenderness index, frame index, dactylo-thoracic index,
body index, caudal index, and auricular index). Phenotypic dimorphism (P<0.05) was observed in the Fulani sheep
population. High, long and heavy sheep were recorded in the Sudanian zone (WH= 81.17+4.88; BL = 73.78+6.78
and BW = 39.28+3.03). A high correlation was obtained between BW and WH (r=0.95). The principal component
analysis revealed that 5 components contribute to 70.94% of the phenotypic variability observed within the Fulani
sheep population. The two components explain 48.36% of the variability observed according to body measurements.
As well as the WH and RH could be considered for a program of selection and conservation of Fulani sheep.
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Introduction
Sheep farming is critical for livelihoods and food security in rural communities, especially in developing
countries (Amadou et al., 2012). Maintaining the genetic diversity of livestock is vital to face future

challenges such as threats from climate change, emerging diseases, and food security for a growing
human population (Barker 2001; Groeneveld et al., 2010). Indigenous African sheep genetic resources
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currently contribute about 30% of the agricultural gross domestic product of most African countries
(Muigai et al., 2013).

However, a better knowledge of the diversity of sheep species can contribute to the improvement of its
productivity and preservation (Traoré et al., 2006). Morpho-biometric characterization has been used to
describe and classify wild animal populations as well as domestic animal populations including livestock
(Zaitoun et al., 2005; Traoré et al., 2008). In Chad, the native sheep population is made up of Fulani,
Arab, Kababish Mayo Kebbi, and Kerdimi breeds, which are all adapted to harsh conditions. The Fulani
sheep breed is widely distributed in the country and shows interesting adaptation to all ecological
environments of Chad. Animals with a two-tone coat, constituting a genetic type called Oudah, have a
black or brown colored coat in front and white in back, the separation is done in the middle of the body.
The Waila genetic type differs from the first only in its white color (Zeuh, 2000).

Other sheep breeds showing similar characteristics as the Fulani sheep have been described in many parts
of Africa including the local Fulani breed in Cameroon (Njoya et al., 1997), Uda and Balami in the
Sahelian zones of Nigeria (Otchere et al., 1987; Yakubu et al., 2010) and Fulani in Senegal (Ndiaye,
2018). Also, a description of the Mayo Kebbi sheep among other small ruminants has been documented
by Dumas (1980), and Zeuh (2000 and 2013). Though the socioeconomic importance and particularly
high demand during Muslim ceremonies and rituals of sheep in Chad (Mopaté et al., 2020). There is little
information on the biometric and phenotypic features of Fulani sheep in the country. This study is to
assess the morphometric characteristics of the Fulani sheep of Chad, which is a prerequisite for any
characterization program and the conservation of this genetic resource.

Materials and methods
Study area

This study was conducted in the Sahelian zone (Chari-Baguirmi: 11°7598'5514" Northern and
15°1503'8405" Eastern) and in the Sudanian zone (Mandoul: 8°9418'5169" Northern and 17°4818 '1465"
Eastern). The choice of these provinces within the agroecological zones is justified by the relative density
of Fulani sheep herders. The climate of the Sahelian zone is of the tropical Sahelian type characterized by
two seasons; a very short rainy season from May to September and a long dry season from October to
May with average annual temperatures of 40°C. Annual rainfall varies from 200 to 600mm and the
vegetation is generally savannah grassland and pseudo-steppe dominated by Acacia raddiana, Balanites
aegyptiaca, Ziziphus mauritania, Calotropis procera, and on the other hand by herbaceous cover with the
following species : Panicum turgidum, Aristida mutabilis, Cenchrus biflorus, Eragrostis tremula and
Andropogon gayanus. The climate of the Sudanian zone (which is southern to the above mentioned one)
is of the Sudanian tropical type characterized by two seasons: a rainy season from May to November and
a dry season from November to April with an average temperature of 40 °C. The annual rainfall varies
from 800 to 1200 mm. The vegetation is characterized by open forest and woody savannah, a mixture of
legumes (Parkia biglobosa and Vitellaria paradoxa) and Combretaceae (Anogeissus leiocarpa, Guiera
senegalensis, Combretum collinum, Combretum glutinosum, Combretum nigricans, Terminalia
avicennioides, Terminalia glaucescens, Terminalia laxiflora and Terminalia macroptera). The
herbaceous layer is continuous with a predominance of perennial grasses among which Andropogon
gayanus, Vitex doniana, and Cymbopogon giganteus (Sougnabe, 2003).

Data collection and body measurement

Biometric data of 309 adult Fulani sheep individuals (229 ewes and 80 rams) made up of two genetic
types (237 Oudah sheep and 72 Waila sheep) raised under pastoral systems were collected. Crossbred and
pregnant animals were excluded from the study to avoid bias. The Oudah type is dichromic (black or
brown at the front and white at the back), kept by the Oudah transhumant communities (Figure 2). The
Waila types are monochromic (White) and kept by Waila transhumant groups (Figure 3).

Body measurements were done as previously described by FAO (2008; 2013) and AU-IBAR (2015). The
age of the animals was obtained by interviewing the owner and confirmed by the dentition. The following
measurements were taken (Figure 4)
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Figure 1: Study area.

T b
Flgure 4: Body measurement

Head measurements: Head length (HL), Head Width (HWh) and Ear Length (EL),

Body Measurement: Total Body Length (TBL), Body Length (BL), Height at Withers (HW), Rump Height
(RH), Chest Circumference (CC), Chest Depth (CD), Rump Length (RL), Rump Width (RW), Neck Length
(NL), Tail Length (TL), Testicle Length (TesL), Testicle Circumference (TesC), Barrel Circumference

(BC) and Body Weight (BW).
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Biometric indices were calculated to appreciate the relationships between the measurements using
previously described formulas (Boujenane et al., 2008; Ngono et al., 2019; Meka et al., 2021).

The following eleven indices were calculated (Table 1)

Table 1: Biometric index evaluation

Index Calculation Definition

Subternal Gracility Index (SGI ~ HW-CD/CD This index highlights the stocky or wading
character of the animal.

Auriculo-thoracic Index (ATI) EL/CD It allows to assess the development of the ear of

sheep
Format Index (FI) BL/HW Determine the format on animal
Compactness Index (ClI) CC/BL
Massivity Index (M), CC/HWh Determine the mass on animal
Slenderness index (SI) LP/PT
Frame Index (Frl) CB/HWh
Body Index (BI) BL/CC It possible to determine the format of the animal
Finger-Thoracic Index (FTI) CB/CC
Caudal Index (Cal) TL/HW Determine the height of tail on animal
Ear Index (EI). EL/HWh Determine the sizeof ear on animal

HWh: Head Width; CD: Chest Depth; EL: Ear Length;BL: Body Length; CC: Chest Circumference; BC: Barrel
Circumference; TL: Tail Length; HW: Heigh at Withers.
Statistical analyses

Descriptive statistics were used to calculate the means, standard deviations, and coefficient of variation of
the various measurements and indices. The analysis of variance was used to test the influence of sex,
genetic type, and zones on the measurement. The F-test was used to highlight the influence of sex on the
measurements and body indices.

Table 2: Sample size according to different factor

Factors Modalities Sample size
Sex Ewe 229
Ram 80
Genetic type \?Vua??; 337
Zones Sahelian 146
Sudanian 163

F-test was used to separate the means when the effect of zone and gender were significant at the threshold
(p<0.05). The meaning and degree of association between measurements and biometric indices were
assessed using Pearson's correlation coefficients.

Principal Component Analysis (PCA) based on measurement and body index was performed to assess the
cause of genetic diversity (Faye et al., 2012). Discriminant Factor Analysis (DFA) based on 17 body
measurements (FAO, 2013) was used to identify the types of genetic relationships of the studied
population. A coefficient of variation of less than 15% is considered to indicate that the population is
homogeneous, while a coefficient of more than 15% indicates that the values are relatively dispersed
(Peter, 2020; Faria et al., 2010).

The construction of the phylogenetic tree following the Ascending Hierarchical Classification (HAC)
protocol was used to establish the genetic relationship between the genetic types (Roux, 2006). These
different statistical analyses were done using SPSS 21.0 and XLSTAT 2022 software.
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Results
Biometric index in Fulani Sheep in Sahelian and Sudanian zone of Chad

Tables 3 and 4 present the descriptive analyses of the body measurement of Fulani sheep in Chad.
According to the sex, NL, EL, and TL were not significantly different (P>0.05). The results showed that
HW, RH, CD, CC, HL, BL, TBL, RL, CB, TL, and BW were significantly influenced (P<0.05) by the
province of the location of the sheep. While HW, EL, RL, TesL, and TesC were not influenced (P>0.05)
by the location of the sheep. The highest WH was obtained in Oudah 81.37+5.32 cm and 78.90 + 6.56 cm
for Waila). Similar trends were observed for the other measurement. The highest BW was recorded with
Oudah sheep (38.78+3.29kg). BC was more dispersed with a coefficient of variance of 20.67 (Table 3).

Correlation between body measurements

Table 5 shows the correlations between body measurements. A strong correlation (r=0.89) was found
between WH and RH. BW was significantly (P<0.01) correlated with WH (r=0.95), RH (r=0.89) and CC
(r=0.58). A significantly negative correlation (r=-0.058) was obtained between BL and NL

Genetic variability according to the biometric measurement of Fulani sheep in Chad

The correlation matrix between the biometric measurements and factors is shown in Table 6. The Kayser-
Meyer-Olkin (KMO) index for the efficiency of the samples for the Principal Component Analysis (CPA)
of the measurements was 0.75. Five (05) components make it possible to better explain phenotypic
variability. Components 1 and 2 contribute 39.39% and 8.97% respectively for a cumulative variability of
48.36%. Components 3, 4, and 5 contribute to a cumulative variability of 70.94%.

Figure 5 shows the discrimination between the different variables that are negatively correlated with each
other (NL, HWh, EL, RL, CD, RH on the F2 axis). It appears that RW, CC, BL, TBL, BW, BC, and HW
are positively and strongly correlated on the F1 axis.

Variables (axes F1et F2:48.36%)

’ » Variables actives

Figure 5: Correlation circle of variables by PCA of Fulani sheep measurement in sahelian and sudanian
zones of Chad. HW: Height at Withers, RH: Rump Height, CC: Chest Circumference, CD: Chest Depth,
EL: Ear Length, HL: Head Length, HWh: Head Width, LB: Length Body, NL: Neck length, TBL: Total
Body Length; RL: Rump Length; RW: Rump Width; TL: Tail Length; BC: Barrel Circumference; BW:
Body Weight.
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Table 3: Biometric measurement of Fulani sheep by sex, genetic typeand zones

o S Sex Mean £ SD (CV) Genetic type Mean £ SD (CV) Zones Mean = SD (CV) Total Mean £ SD
® 3 Female [n = 229] Male [n = 80] Oudah [n = 237] Waila [n = 72] Sahelian [n = 146] Sudanian [n = 163] (CV) [n =309]
HW 79.93+4.94%(6.18) 83.26+6.98%(8.38) 81.3745.32%6.53)  78.90+6.56%(8.34)  79.25+6.18%(7.79) 82.17+4.88%(5.93) 80.79+5.71(7.06)
RH 79.45+5.38%6.77) 83.31+5.68%(6.81) 81.00+5.36%(6.67)  78.64+6.45%8.20)  79.15+ 6.56%(8.28) 81.62+4.54%(5.56) 80.45+5.71 (7.09)
CcC 83.44+9.04%(10.83) 88.69+9.10%(10.26) 85.25+9.19%10.78) 83.32+9.68°(11.61) 83.10+11.48%(13.81) 86.32+6.52%(7.55) 84.80+9.33 (11.0)
CD  39.77+4.80%(12.06) 41.52+5.51%(13.27) 40.46%5.01%(12.38) 39.41+5.13°(13.01) 36.94+4.66%(12.61) 43.16+3.26%(7.55) 40.22+5.05(12.55)
EL 20.97+3.05%(14.54) 20,74+2.49°(12.00) 21.09+2.87%(13.60) 20.31+2.98%14.67) 20.80+3.12% 15.00) 21.01+2.72a (12.94) 20.91+2.91 13.91)
HL 24.66+3.02%(12.24) 27.18+3.10%(11.40) 25.28+3.243(12.81) 25.40%3.22° 12.67) 23.77+2.92%12.28) 26.69+2.862 (10.71) 25.31+3.23 12.76)
HwWh  10.56+1.44%(13.63) 11.06+1.68%(15.18) 10.61+1.48%13.94) 10.96+1.60°(14.54) 10.71+1.27%(11.85) 10.67+1.72° (16.12) 10.69+1.52 14.21)
BL  71.89+6.43%8.94) 73.77+8.18%(11.08) 72.57+6.70%9.23) 71.75+7.76" 10.81)  71.14+6.98%(9.81) 73.48+6.78%9.22) 72.38+6.96(9.60)
TBL  100.38+6.75%6.72) 104.36+8.71%(8.34) 101.54+6.6726.56) 101.00+9.78°9.68) 104.18+6.48%(6.22) 98.93+7.50%(7.58) 101.41+7.50(7.39)
RL 21.11+2.76%(13.07) 22.97+2.32%(10.10) 21.67+2.70°12.46) 21.35+3.03" 14.19) 21.46+3.26%(15.19) 21.71+2.26" (10.40) 21.59+2.77(12.83)
RW 16.40£2.47%(15.06) 17.55+3.27%(18.63) 16.71+2.93%(17.54) 16.65+2.01° 12.07) 16.67+2.24% 13.43) 16.72+3.13" (18.72) 16.70£2.74 16.40)
BC  8.95+1.85%(20.67) 9.51+1.00%(10.51) 9.11+1.79%(19.64)  9.06+1.28°(14.12)  8.79+1.67%(18.79) 9.37+1.65%(17.60) 9.10+1.68(18.46)
TL 47.52+7.36%(15.48) 48.79+7.17°(14.69) 47.97+7.722 16.09) 47.44+5.86°(12.35) 46.85+7.05%(15.04) 48.75+7.47%(15.32) 47.85+7.32(15.29)
NL 25.55+3.06%(11.97) 25.72+4.09°(15.90) 25.77+3.35212.99) 25.04+3.29" 13.13)  25.33+3.02%(11.92) 25.84+3.61%(13.97) 25.60+3.34 13.04)
TesL 22.20+3.64 (16.39) 22.94+3.072 13.38) 19.63+3.51*17.88) 23.15+4.15% 17.92) 21.64+3.05%(14.09) 22.11+3.47 15.69)
TesC 30.21+4.85 (16.05) 31.44+4.21713.39) 27.56+5.21°18.90) 32.60+5.32? 16.32) 29.50+4.17° (14.13)  30.47+4.75(15.58)
BW  37.89+3.06%(8.07) 39.96+4.33%(10.83) 38.78+3.29%(8.48)  37.25+4.06%(10.89) 37.47+3.83%(10.28) 39.28+3.03% (7.71) 38.43+3.54(9.21)

ab means with the same letter on the line differ significantly (P<0.05), N: Number; SD: Standard Deviation; CV: Coefficient Variance
HW: Height at Withers, RH: Rump Height, CC: Chest Circumference, CD: Chest Depth, EL: Ear Length, HL: Head Length, HWh: Head Width, LB: Length Body, NL: Neck
length, TBL: Total Body Length; RL: Rump Length; RW: Rump Width; TL: Tail Length; BC: Barrel Circumference; TesL: Testicle Length; TesC: Testicle Circumference;
BW: Body Weight.

Table 4: Influence of biometric index of Fulani sheep according to sex, Genetic typeand zone

=
)

=
Y}

Sex
Mean £ SE (CV)

Genetic type
Mean = SE (CV)

Zone

Mean = SE (CV)

Total

Mean = SE (CV)
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Female Male Oudah Waila Sahelian Sudanian [n=309]
[n=229] [n=80] [n=237] [n=72] [n = 146] [n=163]

IGS 1.03+0.22° 1.02+0.18° 1.03+0.21° 1.02+0.20° 1.16+0.21% (18.10) 0.91+0.11° 1.03+0.21 (20.38)
(21.35) (17.64) (20.38) (19.60) (12.08)

ATI 0.53+0.072 0.50+0.072 0.52+0.07° 0.51+0.08° 0.56+0.06% (10.71) 0.48+0.05° 0.52+0.07
(13.20) (14.00) (13.46) (15.68) (10.41) (13.46)

Fl 1.25+0.10? 1.25+0.10P 1.25+0.10? 1.28+0.09° 1.32+0.07%(5.30) 1.20+0.092 1.26+0.10(7.93)
(8.00) (8.00) (8.00) (7.03) (7.50)

Cl 0.83+0.09° 0.85+0.07° 0.84+0.09° 0.82+0.09° 0.79£0.10° 0.87+0.06° 0.83+0.09
(10.84) (8.23) (10.71) (10.97) (12.65) (6.89) (10.84)

Ml 1.04+0.11° 1.07+0.12° 1.04+0.11° 1.06+0.11° 1.05+0.15%(14.28) 1.05+0.06" 1.05+0.11
(8.00) (11.21) (10.57) (10.37) (5.71) (10.47)

Sl 0.50+0.042 0.50+0.04° 0.50+0.04% 0.50+0.05° 0.53+0.04% 0.47+0.03? 0.50+0.04
(8.00) (8.00) (8.00) (10.00) (7.54) (6.38) (8.00)

Frl 0.11+0.022 0.11+0.01° 0.11+0.022 0.11+0.01° 0.11+0.022 0.11+0.02° 0.11+0.02
(18.18) (9.09) (18.18) (9.09) (9.09) (9.09) (9.09)

Bl 0.87+0.14° 0.83+0.10? 0.86+0.14° 0.87+0.12° 0.87+0.18° 0.85+0.06° 0.86+0.13
(16.09) (12.05) (16.27) (13.79) (20.68) (7.06) (15.11)

FTI 0.11+0.022 0.10+0.01° 0.11+0.022 (9.09)  0.11+0.01°(9.09)  0.10+0.03% (10.00) 0.11+0.02° (9.09)  0.10+0.02 (10.00)
(18.18) (10.00)

Cal 0.59+0.08? 0.58+0.07° 0.59+0.08? 0.60+0.06° 0.59+0.08? 0.59+0.08° 0.59+0.08 (13.55)
(13.55) (12.07) (13.55) (16.66) (13.55) (13.55)

El 0.26+0.03? 0.25+0.02° 0.25+0.03% 0.26+0.03% 0.26+0.03% 0.25+0.03° 0.26+0.03
(11.55) (8.00) (12.00) (11.54) (11.54) (12.00) (11.54)

abthe means with the same letter on the line differ significantly (P<0.05), N: Number; ES: Standard Error; CV: Variation coefficient

SGI: Sternal Gracility Index, ATI: Auriculo-thoracic Index, FI: Format Index, Cl: Compactness Index, MI: Massivity Index, SI: Slenderness index, Frl: Frame Index, Bl:

Body Index, FTI: Finger-Thoracic Index, Cal: Caudal Index and EIl: Ear Index
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Table 5: Correlation of body measurement of Fulani sheep in sahelian and sudanian zones of Chad

HW RH CcC CD NL HL HWh  BL TBL RL RW BC TL NL TesL  TesC BW
HW 1
RH 0.897" 1
CC  0.402" 0.350" 1
CD 0.692 0.677" 0.442" 1
NL  0.399™ 0.397" 0.204™ 0.492" 1
HL  0.497™ 0.498™ 0.354™ 0.696™ 0.406™ 1
HWh 0.256™ 0.212" 0.165™ 0.229™ 0.144™ 0.263" 1
BL 0.441™ 0.400™ 0.377 0.495™ 0.305™ 0.292" 0.330" 1
TBL 0.401™ 0.399" 0.295" 0.217 0.301™ 0.250" 0.253" 0.402" 1
RL 0.485™ 0.512" 0.236™ 0.593" 0.558™ 0.447" 0.363" 0.394™ 0.466™ 1
RW 0.185" 0.134™ 0.424™ 0.135" -0.029 0.177" 0.048 0.102° 0.145" 0.003 1
BC 0.236™ 0.113° 0.309™ 0.286™ 0.255™ 0.268™ 0.126" 0.287" 0.269™ 0.143" 0.065 1
TL 0.388" 0.368™ 0.164™ 0.439™ 0.417" 0.325" 0.276" 0.316™ 0.268™ 0.422" 0.166™ 0.054 1
NL 0011 0.095° 0.112° 0.015 -0.035 -0.052 -0.011 -0.058 -0.016 0.123" 0.056 - 0.163" 1
0.125"
TesL 0.368™ 0.363" 0.552"° 0.304™ 0.246° 0.200 0.055 0.103 0.382"° 0.496™ 0.299" 0.320™ 0.395" 0.195 1
TesC 0.379™ 0.449™ 0.373" 0.036 0.247° - - 0.026 0.252° 0.311" 0.147 0.278" 0.040 0.062 0.638" 1
0.247°  0.279"
BW  0.950™ 0.897" 0.402™ 0.692 0.399™ 0.497" 0.256™ 0.441™ 0.401™ 0.485™ 0.185™ 0.236™ 0.388™ 0.011 0.368™ 0.379" 1

= Coefficient of correlation is significant at level 0.01

“: Coefficient of correlation is significant at level 0.05

HW: Height at Withers, RH: Rump Height, CC: Chest Circumference, CD: Chest Depth, EL: Ear Length, HL: Head Length, HWh: Head Width,
LB: Length Body, NL: Neck length, TBL: Total Body Length; RL: Rump Length; RW: Rump Width; TL: Tail Length; BC: Barrel Circumference;
TesL: Testicle Length; TesC: Testicle Circumference; BW: Body Weight.
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Table 6: Correlation matrix between variables and factors of Fulani sheep in Sahelian and Sudanian
zones of Chad

Factor (F)

Variables F1 F2 F3 F4 F5
HW 0.874 0.034 0.202 -0.318 -0.217
RH 0.836 -0.055 0.300 -0.287 -0.197
CcC 0.544 0.609 -0.006 0.155 0.137
CD 0.837 -0.042 0.041 -0.165 0.272
EL 0.602 -0.356 -0.188 0.048 0.406
HL 0.686 0.020 -0.073 -0.115 0.350
HWh 0.404 -0.133 -0.231 0.442 -0.381
BL 0.620 0.068 -0.294 0.177 -0.210
TBL 0.549 0.041 -0.250 0.285 -0.362
RL 0.710 -0.371 -0.034 0.253 0.063
RW 0.237 0.736 0.217 0.225 0.058
BC 0.361 0.285 -0.606 -0.040 0.242
TL 0.558 -0.236 0.186 0.382 0.157
NL 0.044 -0.022 0.644 0.485 0.164
BW 0.874 0.034 0.202 -0.318 -0.217

WH: Height at Withers,RH: Rump Height, CC: Chest Circumference, CD: Chest Depth, EL: Ear Length, HL: Head
Length, HWh: Head Width, LB: Length Body, NL: Neck length, TBL: Total Body Length; RL: Rump Length; RW:
Rump Width; TL: Tail Length; BC: Barrel Circumference; TesL: Testicle Length; TesC: Testicle Circumference;
BW: Body Weight

Table 7: Characteristics of morphotypes based on measurements of Fulani sheep in Sahelian and
Sudanian zones of Chad

Variables T1 T2 T3 T4
HW 78.00 88.28 94.00 81.00
RH 79.97 87.21 95.00 91.00
CC 84.38 97.50 101.00 61.00
CD 39.90 46.25 50.50 40.00
NL 20.87 22.07 23.00 18.00
HL 25.01 31.14 30.00 26.00
HWh 10.61 12.43 10.00 10.00
BL 72.15 77.35 75.00 70.00
TBL 100.89 111.07 116.00 102.00
RL 21.39 24.93 26.00 24.00
RW 16.61 19.14 18.00 13.00
BC 9.14 10.07 10.00 9.00
TL 47.36 56.78 55.00 51.00
NL 25.55 24.71 31.00 32.00
TesL 21.91 26.43 20.00 22.11
TesC 30.39 31.50 38.00 30.47
BW 38.18 43.08 46.62 38.56

T1 = Oudahmorphotype; T2 = Waila morphotype ; T3 = Oudah morphotype ; T4 = Oudah morphotype.

HW: Height atWithers, RH: Rump Height, CC: Chest Circumference, CD: Chest Depth, EL: Ear Length, HL: Head
Length, HWh: Head Width, LB: Length Body, NL: Neck length, TBL: Total Body Length; RL: Rump Length; RW:
Rump Width; TL: Tail Length; BC: Barrel Circumference; TesL: Testicle Length; TesC: Testicle Circumference;
BW: Body Weight.
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Phylogenetic relationship between morphotype according to measurements Fulani sheep in Sahelian and
Sudanian zones of Chad

The analysis of the structure of the population was carried out thanks to the Discrimant Factoriel Analysis
(DFA), which made it possible to distinguish 2 groups. The 1t group consists of types 1 and 2 and the 2™
group consists of types 3 and 4. The same applies to the biometric characteristics of the morphotype
observed (Table 7). It turns out that types 3 and 2 have higher characteristics than types 1 and 4.

According to Figure 6, the HWh is negatively correlated with the F2 axis. The TBL, HWh, RW, BC, BL,
and RL are strongly correlated with the F1 axis. The TBL, RH, BW, and CC seem to be the most
discriminating.

The dendrogram (Figure 7) illustrates the relationships between morphotypes based on their dissimilarity.
Thus while confirming the phylogenetic tree, morphotypes 1 and 3 are closer, on the other hand,
morphotypes 3 and 4 are distant

Variables (axesF1et F2:83.17 %)

15 15 15 0.5 0.75 0.25 1.25 1.25 1.25
F1 (53.27 %)

Figure 6: Correlation of Fulani sheep class factor variables in Sahelian and Sudanian zones of Chad
HW: Height at Withers, RH: Rump Height, CC: Chest Circumference, CD: Chest Depth, EL: Ear Length,
HL: Head Length, HWh: Head Width, LB: Length Body, NL: Neck length, TBL: Total Body Length; RL:

Rump Length; RW: Rump Width; TL: Tail Length; BC: Barrel Circumference; TesL: Testicle Length;

TesC: Testicle Circumference; BW: Body Weight

The Table 8 indicates that the intra-class variance greater than the inter-class variance.

Table 8: Variance decomposition for optimal classification of Fulani sheep in sahelian and sudanian
zones of Chad.

Categories de variance Absolute %
Intra-class 124257.42 90.59
Inter-class 12909.01 9.41
Over all inertia 137166.43 100.00
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T 2! T4

Figure 7: Dendrogram of Fulani sheep morphotype in sahelian and sudanian zones of Chad T1, T3, T4:
Oudah morphotype; T2: Waila morphotypeVérifier le séparateur des décimales sur [’axe des ordonnées

Discussion

The results of the analysis of biometric data obtained in the Fulani sheep population show a phenotypic
variability (P<0.05). The average WH obtained in Oudah and Waila sheep (81.37£5.32 cm and
78.90+6.56 cm) is comparable to those reported by Yakubuet al. (2011) in Uda (83.9+0.21 cm) and
Yankassa (75.8+0.48 cm) sheep in Nigeria. Yunusa (2013) obtained (77.41+0.42 cm) in Uda sheep in
Nigeria. Zeuhet al. (2013) reported an average of 83.85 cm in male and 80.01 cm in female Fulani sheep
in Chad. On the other hand, lower averages were reported among the Uda (61.20 cm) and Balami (71.13
cm) by Fayeye and Adewale (2017) in Nigeria. In general, the HL of 25.28+3.24 cm in the Oudah and
(25.404+3.22 cm) in the Waila was obtained. Tadakeng (2015) obtained a lower value in sheep from West
Cameroon (20.04+3.34 cm). The average HW obtained in Oudah and Waila sheep was 10.61+1.48 cm
and 10.96+1.60 cm. These results corroborate those of Meka et al. (202) in Blackbelly sheep (10.88 £
1.42 cm). The EL obtained is significant among the Oudah (21.0942.87 cm) and the Waila
(20.31+2.98cm). Dumas (1980) in Chad and Dayo (2015) in Togo reported similar values in Fulani sheep
(20.5+0.8 cm) and Sahel sheep (21.63+2.48 cm) respectively. In general, the mean BL obtained in the two
provinces among the Oudah and Waila was 72.57+6.70 cm and 71.75+7.76 cm respectively. These results
are comparable to those obtained by Zeuh (2013) in Fulani sheep (70.90 cm). On the other hand, Meka
(2021) obtained a higher average (79.196+8.98 cm) in Blackbelly sheep in Central Africa. Yakuba (2011)
obtained (76.6+0.27cm) among the Uda and (70.9+0.37cm) among the Yankassa in Nigeria. Yunusa
(2013) obtained similar values (69.97+£0.42 cm) in Uda sheep in Nigeria. The mean length and width of
the rump of 21.67+£2.70 cm and 16.71+2.93 cm were obtained respectively. A similar value was reported
by Denis (1975) in Fulani sheep from Senegal (14.4+0.5 cm). Meka (2021) reported a rump length in
black belly sheep in Cameroon of 19.93 £ 6.22 cm.

The general mean of the RH obtained was 81.14+5.36 cm and 78.50£6.56 cm in the Oudah and Waila
sheep respectively. Osaiyuwu (2010) reported a similar average of 83.96+5.99 cm in Balami sheep in
Nigeria. The mean TesL obtained was 22.94+3.07 cm among the Oudah and 19.63+3.51 among the
Waila. On the other hand, Fayeye and Adewale (2017) reported the highest values in the Uda (32.09 cm)
and Balami (39.19 cm) in Nigeria.

The average BW obtained was higher in the Sudanian zone (39.28+3.03 Kg) whatever the type of sheep.
This result could be explained by the availability of food resources for a good part of the year, unlike the
Sahelian part. Dumas (1980) reported a high BW in Fulani sheep in Chad of 47.7+1.6 Kg. Meka et al.
(2021) in Cameroon, reported low weight in Blackbelly (27.45+6.08 kg). Wagari et al. (2020) reported a
weight (29.2+0.15Kg) in indigenous sheep of Ethiopia.

A positive and significant correlation (P<0.05) between the different measurements of Fulani sheep was
obtained. The correlation coefficient varies from -0.011 (between HL and NL) to 1.00 (between BW and
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WH). A higher correlation is obtained between BW and WH (r=0.95). A strong and significant
correlation (P<0.01) is observed between WH and RH (r=0.89). A significantly negative correlation (-
0.058) is obtained between the BL and NL.

Analysis of biometric indices showed significant variability (P<0.05) in the Fulani sheep population. The
average of the SGI observed in Oudah and Waila sheep are 1.03+£0.21 and 1.02+0.20 with a coefficient of
variation of 19.20. Meka et al. (2021) and Gueye (1997) reported a similar result in Blackbelly sheep in
Central Africa and Fulani in Senegal of (1.29+0.56) and (1.51). The highest CI is obtained in the
Sudanian zone for Oudah (0.87+0.05) and Waila (0.86+ 0.08) sheep. The overall mean of the MI obtained
was 1.04 + 0.11. Similar means are reported by Meka et al. (2021) and Tadakeng (2015) of 1.20+0.11 and
1.13 respectively in Blackbelly sheep and in West Cameroon sheep. The Bl was higher by 0.87+0.19 and
more dispersed with a coefficient of variation of 21.83 in Oudah sheep.

The principal component analysis revealed that 5 components contribute to 70.94% of the phenotypic
variability observed within the Fulani sheep population. Components 1 and 2 explain 39.39 and 8.97 of
the variability observed according to body measurements respectively. On the other hand, Yakubu (2013)
and Osaiyuwu (2010) obtained 3 components after the PCA of the measurements collected from
Blackbelly, Yankassa and Balami sheep from Cameroon and Nigeria respectively. These results are
almost similar to those of Meka et al. (2021) and Rodrigo (2015) who reported that 6 components
explained the phenotypic variability in the sheep population of Cameroon and Chile respectively.
However, we can observe in all these results that the 1% component mainly explains the major phenotypic
variability and could be used for a selection program. PCA showed that the 7 variables (WH, RH, CC,
RL, BL, HL and BW) explain the variation at CP1 to the maximum. The CC had a strong contribution to
CP1 in Yankassa sheep in Nigeria (Yakubu, 2013). Our results corroborate those of Mekaet al. (2021),
who reported that WH has a strong contribution to CP1. Thus WH could well be a selection criterion
because it is strongly and significantly correlated with BW.

Discriminant Factor Analysis (DFA) made it possible to obtain 4 classes in the Fulani sheep population.
Class 1 is characterized by low body measurements (HW=78cm; CC= 84 cm; TBL= 100 cm and BW= 38
kg), class 4 recorded low characteristics (HW=81cm; CC= 61 cm; TBL= 102 cm and BW= 38.56 kg);
class 2 has medium characteristics (HW = 88.28 cm; CC= 97.72 cm; TBL= 111.07 cm and BW=43.07
kg) and class 3 has high characteristics (HW=94 c¢cm; CC=101 cm; TBL=111 cm and BW=46.6 Kkg)
compared to the previous ones. The Ascending Hierarchical Classification (HAC) has made it possible to
distinguish two subgroups based on the body measurement of Fulani sheep. The 1% subgroup is made up
of types 2 and 1 and the 2nd subgroup is made up of types 3 and 4. AFD confirms these results; however,
types 1, 3, and 4 are closer from the morphotype point of view than type 2, which is distant from type 4.
Mekaet al. (2021) reported 3 types of Blackbelly sheep from Central Africa.

Conclusion

A relatively wide phenotypic variability was observed in the Fulani sheep population. A high correlation
is obtained between BW and HW (r=0.95). The HW could be used to estimate the BW and do the
selection. The Discriminant Factor Analysis (DFA) made it possible to obtain 4 classes in the Fulani
sheep population. AFD confirms these results, types 1, 3, and 4 are closer from the morphotype point of
view while type 2 is distant from type 4. Biometric assessment coupled with genomics would increase the
efficiency of the selection, improvement, and conservation of Fulani sheep.
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