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Editorial

Dear reader,

In 1983 the first issue of Animal Genetic Resources, at that
time entitled Animal Genetic Resources Information, was
published. Now, 33 years later, with its 59 issue, the jour-
nal comes to an end, mainly due to a lack of resources.
Already the editorial of the 50 commemorative issue pro-
vided you with some information on the history of the
journal and some statistics. I would now like share with
you the final numbers.

The 50" issue was made available online mid-2012. To
that time more than 400 articles had been published.
Since then, other 123 articles have been accepted for pub-
lication. Whereas the proportion of articles published in
English during the first 50 issues was below 80%, it
increased to almost 90% in the last nine issues.
Regarding the livestock species, the analyses of the papers
reveal that the majority of publications still focus on rumi-
nants. More specifically, in these last nine issues,
two-thirds of the publications dealt with large or small
ruminates, each with an equal share, while a fifth of the
articles have been dedicated to poultry, and to a lesser
extent, pigs and equines. While this result substantiates
the important role of ruminants for human livelihoods, it
may also be interpreted as call for more research on
other livestock species playing an essential role in certain
areas of the world that might be of increasing importance
in the light of changing environmental conditions.

The papers published in the journal can be related to the
various strategic priority areas of the Global Plan of
Action for Animal Genetic Resources (GPA)'. 1 would
like to recall that the international community adopted
the GPA at the International Technical Conference on
Animal Genetic Resources for Food and Agriculture in
September 2007. The GPA was later endorsed by the
34th FAO Conference. It includes 23 strategic priorities
for action grouped into four priority areas: characterization
and monitoring; sustainable use and development; conser-
vation; and policies, institutions and capacity-building.
The Second Report on the State of the World’s Animal
Genetic Resources for Food and Agriculture® (published
in 2015) provided the basis for a review and possible
update of the GPA. It confirmed that the four strategic pri-
ority areas remain valid. A large majority of journal’s arti-
cles deals with the first strategic priority area. While 63%
of all articles published in the first 50 issues fell under this
strategic priority area, this percentage increased to 73% in

' http:/www.fao.org/docrep/010/a1404¢/a1404e00.htm
" http:/www.fao.org/publications/SoOWAnGR/en/

the final nine issues. Sixteen percent of the articles pub-
lished after the 50" issue dealt with sustainable use and
development, compared to 11 percent before. The percent-
age of articles dealing with conservation dropped from 17
to 8 and only a low percentage of articles have dealt with
strategic priority area 4 on policies, institutions and cap-
acity building. The unbalanced distribution over the stra-
tegic priority areas may be explained by the feasibility of
certain studies supported by research projects limited in
terms of time and money but also by the frequent lack of
structured breeding programmes and related data.

In total, three special issues of the journal have been pub-
lished. The last one, entitled “adding value” was published
in 2013. The articles on this topic describe various strat-
egies that have been used to add value to local breeds in
various countries and regions, with the aim of increasing
the competitiveness of these breeds and promoting their
sustainable use in the long term.

Since 2009, FAO has been publishing the journal jointly
with Cambridge University Press. All issues and articles
will continue to be available through Cambridge Journals
Online and on FAO’s website at http:/www.fao.org/AG/
AGAInfo/programmes/en/genetics/journal.html.

I would like to thank the readership of the journal for its
loyalty and interest over so many years and the authors
for their valuable submissions. You made the journal to
an exciting source of information for everybody interested
in the diversity of animal genetic resources and their mani-
fold products and services. We sincerely hope that past
Animal Genetic Resources authors will find a suitable
place among the broad field of journals related to livestock
issues to submit their future publications to continue facili-
tating the spread of knowledge on animal genetic
resources.

Last but not least, I would also like to thank the reviewers
and members of the editorial board of the journal who did
a fabulous job over so many years, taking the capacity
building role of the journal seriously. This was reflected
in the review process, which aimed, where necessary, to
support and advise authors who might otherwise have dif-
ficulty presenting their work in an appropriate form for
publication in a scientific journal.

Yours sincerely,

Roswitha Baumung
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Editorial

Estimado lector,

En 1983 se publicé el primer volumen de Recursos
Genéticos Animales, en aquella época con el nombre de
Boletin de Informacion sobre Recursos Genéticos
Animales. Ahora, 33 afios después, con su 59° volumen,
la revista llega a su fin, debido principalmente a la falta
de recursos. Ya en el editorial del volumen conmemorativo
namero 50 le aportdbamos cierta informacion sobre la his-
toria de la revista y algunos datos estadisticos. Me gustaria
ahora compartir con Usted los datos finales.

El 50° volumen se publico en linea a mediados de 2012.
Hasta esa fecha se habian publicado mas de 400 articulos.
Desde entonces, otros 123 articulos han sido aceptados
para su publicacion. Mientras que a lo largo de los 50 pri-
meros volimenes el porcentaje de articulos publicados en
inglés era inferior al 80 por ciento, este porcentaje se ha
incrementado hasta cerca del 90 por ciento en los nueve
ultimos volumenes. En lo que concierne a las especies
ganaderas, el andlisis de los articulos desvela que la
mayoria de las publicaciones siguen centrandose en los
rumiantes. Mas concretamente, en estos nueve ultimos
volumenes, dos tercios de las publicaciones trataron
sobre pequefios o grandes rumiantes, a partes iguales
entre ellos, mientras que los articulos dedicados a las
aves solo representaron una quinta parte y los dedicados
a cerdos y equinos una proporcidon aun menor. Si bien
este resultado corrobora el importante papel de los
rumiantes para la subsistencia de los seres humanos,
también puede ser interpretado como una llamada de
atencion para una mayor investigacion en otras especies
ganaderas que desempefian un papel esencial en ciertas
areas del Mundo, las cuales podrian adquirir mayor
importancia, habida cuenta de las condiciones ambien-
tales cambiantes.

Los articulos publicados en la revista pueden relacionarse
con varias areas estratégicas prioritarias del Plan de Accion
Mundial sobre los Recursos Zoogenéticos (PAM)'.
Quisiera recordar que la comunidad internacional adoptd
el PAM en la Conferencia Técnica Internacional sobre
los Recursos Zoogenéticos para la Agricultura y la
Alimentacion en septiembre de 2007. El PAM fue poster-
iormente avalado por la 34" Conferencia de la FAO.
Incluye 23 prioridades estratégicas para la accion agrupa-
das en cuatro areas prioritarias: caracterizacion y segui-
miento; utilizacion sostenible y desarrollo; conservacion;
y politicas, instituciones y creacion de capacidad. El
Segundo Informe sobre la Situacion de los Recursos
Zoogenéticos Mundiales para la Alimentacion y la
Agricultura® (publicado en 2015) ha proporcionado la

' http:/www.fao.org/docrep/010/a1404s/a1404s00.htm
" http:/www.fao.org/publications/sowangt/es/

base para una revision y posible actualizacion del PAM.
Esto ha confirmado que las cuatro areas estratégicas prior-
itarias siguen siendo validas. La gran mayoria de los
articulos de la revista tratan sobre la primera area
estratégica prioritaria. Mientras que el 63 por ciento del
total de articulos publicados en los 50 primeros
volimenes se enmarcaba bajo esta area estratégica priori-
taria, este porcentaje aumentd hasta el 73 por ciento en
los ultimos nueve volumenes. El 16 por ciento de los
articulos publicados tras el 50° volumen trataron sobre la
utilizacion sostenible y el desarrollo, en comparacion con
el 11 por ciento anterior. El porcentaje de articulos en
relacion con la conservacion disminuy6 del 17 al 8 por
ciento y Unicamente un escaso porcentaje de articulos
han abordado la cuarta area estratégica prioritaria sobre
politicas, instituciones y creacion de capacidad. Esta
distribucion desequilibrada entre las areas estratégicas
prioritarias puede explicarse por la factibilidad de algunos
estudios, financiados por proyectos de investigacion de
corta duracion y con limitaciones presupuestarias, asi
como por la frecuente falta de programas estructurados
de seleccion y de datos relacionados.

En total, se han publicado tres volimenes especiales de la
revista. El ultimo de ellos, titulado “Afiadiendo valor”, fue
publicado en 2013. Los articulos sobre este tema describen
varias estrategias que han sido empleadas para dotar de
mas valor a las razas locales en varios paises y regiones,
con el fin de hacer mas competitivas a estas razas y pro-
mover su utilizacién sostenible a largo plazo.

Desde 2009, la FAO ha venido publicando la revista con-
juntamente con Cambridge University Press. Todos los
volimenes y articulos seguiran estando disponibles a
través de Cambridge Journals Online y en la pagina web
de la FAO http:/www.fao.org/AG/AGAInfo/programmes/
es/genetics/journal.html.

Me gustaria agradecer a los lectores de esta revista su leal-
tad e interés a lo largo de tantos afios y a los autores sus
valiosas contribuciones. Ustedes han hecho de esta revista
una fuente apasionante de informacion para todas aquellas
personas interesadas en la diversidad de los recursos
zoogenéticos y en sus multiples productos y servicios.
Confiamos sinceramente en que los antiguos autores de
Recursos Genéticos Animales encuentren un lugar
idéneo, en el amplio campo de las revistas relacionadas
con las cuestiones ganaderas, para mandar sus futuras pub-
licaciones y, asi, seguir contribuyendo a la difusion del
conocimiento sobre los recursos zoogenéticos.

Por ultimo, pero no por ello menos importante, quisiera
también dar las gracias a los revisores y miembros del
consejo editorial de la revista, que han realizado un
magnifico trabajo a lo largo de tantos afios, asumiendo

iii
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Editorial

con seriedad el rol de creacion de capacidad de la revista.
Esto se ha reflejado en el proceso de revision, con el cual
se pretendia, en caso de que fuera necesario, ayudar y
aconsejar a los autores que, de otra manera, hubieran
podido tener dificultades para presentar su trabajo en

un formato adecuado para su publicacion en una revista

cientifica.

Atentamente,

Roswitha Baumung



Animal Genetic Resources, 2016, 59, v. © Food and Agriculture Organization of the United Nations, 2016

doi:10.1017/5207863361600028X

Editorial

Cher lecteur,

Le premier volume de Ressources Génétiques Animales fut
publié en 1983, sous le nom a cette époque de Bulletin
d’Information sur les Ressources Génétiques Animales.
Maintenant, 33 ans plus tard, le journal arrive a son terme
avec son 59°™ volume, et ce principalement en raison du man-
que de ressources. Dans 1’éditorial du volume commémoratif
50 quelques informations sur I’histoire du journal et quelques
données statistiques vous étaient déja fournies. Je voudrais
maintenant partager avec vous les chiffres finals.

Le 50°™ volume a été mis en ligne a la mi-2012. Jusqu’a
cette date plus de 400 articles avaient été publiés. Dés lors,
123 autres articles ont été acceptés pour publication. Alors
qu’au cours des 50 premiers volumes, le pourcentage d’ar-
ticles publiés en anglais était inférieur a 80 pour cent, ce
pourcentage a augmenté a prés de 90 pour cent dans les
neuf derniers volumes. En ce qui concerne les espéces
d’animaux d’élevage, I’analyse des articles révele que la
plupart des publications continuent de se concentrer sur
les ruminants. Plus précisément, dans ces neuf derniers
volumes, les deux tiers des publications ont traité des petits
ou des grands ruminants, a parts égales entre eux, tandis
que les articles consacrés aux volailles n’ont représenté
qu’un cinquiéme et ceux dédiés aux porcs et aux équidés
une proportion encore plus faible. Bien que ce résultat con-
firme le réle important des ruminants pour la subsistance
des étres humains, il peut également étre interprété
comme un appel a davantage de recherches sur d’autres
especes animales jouant un rdle essentiel dans certaines
régions du monde, qui pourraient devenir plus importantes,
étant donné les conditions environnementales changeantes.

Les articles publiés dans ce journal peuvent étre mis en
rapport avec plusieurs domaines prioritaires du Plan
d’Action Mondial pour les Ressources Zoogénétiques
(PAM)'. Je souhaiterais rappeler que la communauté inter-
nationale a adopté le PAM a la Conférence Technique
Internationale sur les Ressources Zoogénétiques pour
I’Alimentation et 1’Agriculture en septembre 2007. Le
PAM a ensuite été approuvé par la 34°™ Conférence de
la. FAO. 1l inclut 23 priorités stratégiques d’action
regroupées en quatre domaines prioritaires: caractérisation
et surveillance; utilisation durable et mise en valeur; conser-
vation; et politiques, institutions et renforcement des
capacités. Le Deuxiéme Rapport sur ’Etat des Ressources
Zoogénetiques pour 1’Alimentation et I’Agriculture dans le
Monde*> (publié en 2015) a fourni la base pour une
révision et une possible mise a jour du PAM. Ceci confirme
que les quatre domaines prioritaires sont toujours valables.
Une grande majorité des articles du journal traitent du

' http:/www.fao.org/docrep/010/a1404{/a1404f00.htm
" http:/www.fao.org/publications/sowangt/fr/

premier domaine prioritaire. Alors que 63 pour cent de
tous les articles publiés dans les 50 premiers volumes s’in-
scrivaient dans ce domaine prioritaire, ce pourcentage est
passé a 73 pour cent dans les neuf derniers volumes. Seize
pour cent des articles publiés aprés le 50™ volume ont
traité de I’utilisation durable et la mise en valeur, contre
11 pour cent auparavant. Le pourcentage d’articles dédiés
a la conservation a diminué de 17 pour cent a 8 pour cent
et seul un faible pourcentage d’articles ont trait¢ du
quatriéme domaine prioritaire sur les politiques, les institu-
tions et le renforcement des capacités. Cette répartition
inégale entre les domaines prioritaires peut s’expliquer par
la faisabilité¢ de certaines études soutenues par des projets
de recherche limités en termes de durée et de financement,
ainsi que par l’absence fréquente de programmes de
sélection structurés et des données connexes.

Au total, trois volumes spéciaux du journal ont été publiés.
Le dernier, intitulé “Ajouter de la valeur”, a été publié en
2013. Les articles sur ce sujet décrivent plusieurs stratégies
qui ont été utilisées pour ajouter de la valeur aux races
locales dans divers pays et régions, afin de rendre ces
races plus compétitives et de promouvoir leur utilisation
durable a long terme.

Depuis 2009, la FAO a publi¢ le journal conjointement avec
Cambridge University Press. Tous les volumes et articles con-
tinueront d’étre disponibles par I’intermédiaire de Cambridge
Journals Online et sur le site Internet de la FAO http:/www.
fao.org/AG/AGAInfo/programmes/fr/genetics/journal.html.

Je tiens a remercier les lecteurs de ce journal pour leur
fidélité et leur intérét pendant tant d’années et les auteurs
pour leurs précieuses contributions. Vous avez fait de ce
journal une source passionnante d’informations pour tous
ceux intéressés par la diversité des ressources
zoogénétiques et leurs multiples produits et services.
Nous espérons sincérement que les anciens auteurs de
Ressources Geénétiques Animales trouveront un endroit
approprié dans le vaste domaine des journaux consacrés
a I’¢levage pour y envoyer leurs futures publications et
continuer ainsi a contribuer a la diffusion des connais-
sances sur les ressources zoogénétiques.

Dernier point mais non le moindre, je voudrais également
remercier les relecteurs et les membres du comité de
rédaction du journal, qui ont fait un excellent travail pendant
de nombreuses années, en prenant au sérieux le role de renfor-
cement des capacités du journal. Cela s’est reflété dans le pro-
cessus de révision, qui visait, le cas échéant, a soutenir et
conseiller les auteurs qui autrement auraient pu avoir du
mal a présenter leur travail sous une forme appropriée
pour la publication dans une revue scientifique.

Cordialement,

Roswitha Baumung


http://www.fao.org/AG/AGAInfo/programmes/fr/genetics/journal.html
http://www.fao.org/AG/AGAInfo/programmes/fr/genetics/journal.html
http://www.fao.org/AG/AGAInfo/programmes/fr/genetics/journal.html
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Assessment of genetic diversity of Mithun
(Bos frontalis) population in Bhutan using
microsatellite DNA markers
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Bhutan, *Genome Diversity Section, Primate Research Institute, Kyoto University, Aichi, Japan

Summary

Genetic diversity of Mithun population in Bhutan was studied using 14 microsatellite markers. Two sets of two-step polymerase chain
reactions were performed with multiplex and individual markers for genotyping 105 hair samples collected from Arong in
Samdrupjongkhar (AS, 36) and Wangdigang in Zhemgang (WZ, 69). Fifty-three alleles were detected with average of 3.89 alleles and
polymorphism information content of 0.44 + 0.03 per locus. A low level of genetic variability within population was present with observed
heterozygosity at 0.50 + 0.06 and expected heterozygosity at 0.48 + 0.06. Analysis of molecular variance attributed 58 percent of total vari-
ation to within the individuals. Mean Fig and Fir were —0.056 and 0.005 respectively, indicated low level of population differentiation and
limited out-breeding. The normal L-shaped distribution of allelic frequencies without any mode-shift revealed the absence of recent genetic
bottleneck in Mithun populations. Therefore to manage inbreeding in the small Mithun population of Bhutan, periodic assessment of
inbreeding levels and exchange of animals between farms is recommended to reduce frequency of introduction of animals from India.

Keywords: Genetic diversity, Mithun, analysis of molecular variance (AMOVA), microsatellite DNA marker

Résumé

La diversité génétique de la population de gayals au Bhoutan a été étudiée en utilisant 14 marqueurs microsatellites. Deux séries de
réactions en chaine par polymérase (PCR selon ses sigles en anglais) en deux étapes ont été réalisées avec plusieurs marqueurs et avec
des marqueurs individuels pour génotyper 105 échantillons de poils prélevés a Arong au Samdrup Jongkhar (AS, 36) et a Wangdigang
au Zhemgang (WZ, 69). Cinquante-trois alléles ont été détectés pour une moyenne de 3.89 alléles et un contenu d’information sur le
polymorphisme de 0.44 +£0.03 par locus. Un faible niveau de variabilité génétique a été observé au sein de la population avec une
hétérozygotie observée de 0.50 £0.06 et une hétérozygotie attendue de 0.48 £0.06. L’analyse de variance moléculaire (AMOVA) a
attribué le 58 pour cent de la variation totale a la variabilité intra-individuelle. Les valeurs moyennes des coefficients Fgr, Fig et
Fir ont été de 0.054, —0.056 et 0.005 respectivement, ce qui est le reflet d’un faible niveau de différenciation dans la population et
d’un manque de croisements exogames. La distribution habituelle des fréquences alléliques en L, sans aucune distorsion, a décelé 1’ab-
sence de goulots d’étranglement génétique récents dans les populations de gayals. Ainsi, afin de gérer la consanguinité dans la petite
population de gayals du Bhoutan, une évaluation périodique des niveaux de consanguinité et un échange d’animaux entre les fermes
sont conseillés pour réduire la fréquence des importations depuis 1’Inde.

Mots-clés: diversité génétique, gayal, analyse de variance moléculaire (AMOVA), marqueurs microsatellites d’ADN

Resumen

Se estudi6 la diversidad genética de la poblacion de gayales en Bhutan, utilizando para ello 14 marcadores microsatélites. Se llevaron a cabo
dos tandas de reacciones en cadena de la polimerasa (PCR, por sus siglas en inglés) de dos pasos con multiples marcadores y con marcadores
individuales para genotipificar 105 muestras de pelo tomadas de Arong en Samdrupjongkhar (AS, 36) y de Wangdigang en Zhemgang
(WZ, 69). Se detectaron 53 alelos, con una media de 3.89 alelos y un contenido de informacion polimorfica de 0.44 +0.03 por locus.
Se constato un bajo nivel de variabilidad genética dentro de la poblacion, con una heterocigosis observada de 0.50 + 0.06 y una heterocigosis
esperada de 0.48 + 0.06. El analisis de varianza molecular (AMOVA) atribuy¢ el 58 por ciento de la variacion total a la variabilidad intrain-
dividual. Los valores medios para los coeficientes Fst, F1s y Fir fueron de 0.054, —0.056 y 0.005, respectivamente, lo cual refleja un bajo nivel
de diferenciacion en la poblacion y una escasez de cruzamientos exogamicos. La distribucion tipica en forma de L de las frecuencias alélicas,
sin ninguna distorsion, puso de manifiesto la ausencia de cuellos de botella genéticos recientes en las poblaciones de gayales. Por tanto,
para gestionar la endogamia en la pequefia poblacion de gayales de Bhutan, se recomienda una evaluacion periddica de los niveles de
consanguinidad y el intercambio de animales entre las granjas con el fin de recudir la frecuencia de las importaciones desde la India.

Palabras clave: diversidad genética, gayal, andlisis de varianza molecular (AMOVA), marcadores microsatélites de ADN
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Introduction

Mithun (Bos frontalis) is an important semi-domesticated
animal species found in hilly region of India, China,
Myanmar, Bhutan and Bangladesh. Within Bhutan, they
are reared in small numbers throughout the country.
Unlike other countries where Mithun is kept for meat pur-
pose, utility of the species in Bhutan is unique. They are
kept for crossbreeding with traditional Nublang cattle
(Bos indicus) to produce hybrids for milk and draft pur-
poses. These crosses are well adapted to sloppy terrain
and transhumance system of cattle management in the coun-
try. The documentation on this breeding practice exists as
early as the seventeenth century and also vividly described
in Report of British Mission to Bhutan (RGoB, 2002).

Mithun is believed to have originated from wild Indian
gaur (Bos gaurus) more than 8 000 years ago (Simoons,
1984; Mondal and Pal, 1999; Dorji et al., 2010; Tanaka
et al. 2011). The literature on genetic diversity studies of
Mithun is generally scarce. Mithun in India are classified
into four distinct strains; Arunachalee, Mizorami, Nagami
and Manipuri based on their phenotypic and genetic charac-
terization (Bhusan et al., 2009). And considering the prox-
imity and initial source of animals, Mithun in Bhutan are
likely of Arunachalee strain.

To meet the demand for Mithun bulls and sustainable man-
agement of Mithun genetic resources in the country, two
conservation farms were established in mid 1970s at
Wangdigang, Zhemgang (WZ) and Arong, Samdrupjong-
khar (AS) (Figure 1). These farms produce and supply
Mithun bulls to farmers for selective inter-breeding and
for production of frozen semen for artificial insemination
on Nublang cattle (Bos indicus). The animals are main-
tained under free range and forest grazing and follow ran-
dom mating. The population of Mithun in Bhutan was 1
559 (DoL, 2013) and declining (1826 (DoL, 2006)).
Therefore in view of the small and declining population
size, this study attempted to assess the genetic diversity
of Mithun population in Bhutan to provide insights into
conservation and sustainable management of the species
in the country.

Figure 1. Mithun bull at Regional Mithun Breeding Farm, Arong, Bhutan.

Materials and methods

Samples, microsatellite DNA markers and
polymerase chain reaction (PCR) amplification

A total of 105 tail hair samples, including 36 from AS and
69 from WZ, were collected. These hair samples were
put into an individually labelled envelope and stored at
room temperature. A total of 17 highly polymorphic
microsatellite  DNA markers recommended by FAO
(2011) for cattle and validated in Mithun (Qu et al.,
2012) were used in this study (Table 1). Two-step PCR
was performed (Arandjelovic et al., 2009) for multiplex
and individual markers separately. Two sets of multiplex
markers, set A containing nine non-labelled markers
(ETH225, ETH10, ETH3, BM1824, BM2113, SPS115,
TGLA122, TGLA126 and TGLA227) and set B containing
eight non-labelled markers (BMS2533, POTCHA,
ILSTS006, HELS, HAUT24, INRA023, BoLADRBP1
and BoLADR2B), were used to perform the first PCR. In
20 pl of master reaction mixture, 10 pl of 2x buffer, 4 ul
of dNTPs, 0.4 ul of polymerase (KOD FX Enzyme and
kit, Toyobo Co., Ltd., Tokyo, Japan), 1.35 ul each of 20 p
forward and reverse primers and H,O were added. The mix-
ture was divided in 10 pl aliquots and added 6 hair roots per
sample (in duplicates) to test repeatability. PCR was per-
formed with following thermal-cycling conditions: 94 °C
for 2 min, 35 cycles of (98 °C for 10s, 58 °C for 30 s and
68 °C for 30s) and 10 °C hold. The products of the first
PCR were stored at 4 °C or —20 °C until the second PCR.

For the second PCR, 12.5 pl reaction mixture contained
6.25 pl of x2 buffer, 2.5 ul of dNTPs, 0.25 pul of polymer-
ase (KOD FX Enzyme and kit, Toyobo Co., Ltd., Tokyo,
Japan), 0.375 pl each of 5 p forward and labelled reverse
primers, 2.250 pl H,O and 0.5-1.0 pl of the first PCR pro-
ducts. Thermal-cycling conditions for this reaction was set
up as 94 °C for 2 min, 45 cycles of (98 °C for 10 s, 58 °C
for 30 s and 68 °C for 30 s) and hold at 10 °C. The PCR
products were stored at 4 °C/—20 °C.

A loading cocktail containing 960 pl of Formamide (FA)
and 9.0 ul of molecular size marker (ROX 400HD)
enough for 6 runs (96 samples) were prepared. Each well
contained 9.8 pl aliquots of loading cocktail and 1 pl of
the second PCR products in 96 well plates. They were
heated at 95 °C for 3 min and immediately snap cooled
in ice for few minutes and applied to Genetic Analyzer
(ABI PRISM 3130xl) to read the fragment size.
Microsatellite data and allele scoring were performed
using GeneMapper software (Version 4.1).

Statistical analysis

Microsatellite data were analyzed to estimate the observed
number of alleles (N,), the number of effective alleles (N,),
observed (H,) and expected (H,) heterozygosity, F-statistics,
Hardy-Weinberg equilibrium (HWE) and Nei’s genetic dis-
tance using GenAlEx 6.501 software (Peakall and Smouse,
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Table 1. Primer sequences, chromosomes numbers and annealing temperature for 17 microsatellite loci employed for diversity analysis
of Mithun population in Bhutan.

Locus Chromosomes Primer sequences (5'-3') Annealing temp(°C)  Genebank accession no.  Allele range

ETH3 19 GAACCTGCCTCTCCTGCATTGG 55-65 722744 103-113
ACTCTGCCTGTGGCCAAGTAGG

ETHI10 5 GTTCAGGACTGGCCCTGCTAACA 55-65 722739 207-231
CCTCCAGCCCACTTTCTCTTCTC

ETH225 9 GATCACCTTGCCACTSTTTCCT 55-65 714043 131-159
ACATGACAGCCAGCTGCTACT

BM1824 1 GAGCAAGGTGTTTTTCCAATC 55-60 G18394 176-197
CATTCTCCACTGCTTCCTTG

BM2113 2 GCTGCCTTCTACCAAATACCC 55-60 M97162 122-156
CTTCCTGAGAGAAGCAACACC

TGLA122 21 CCCTCCTCCAGGTAAATCAGC 55-58 - 136-184
AATCACATGGCAAATAAGTACATAC

TGLA126 20 CTAATTTAGAATGAGAGAGGTTCT 55-58 - 115-131
TTGGTCTCTATTCTCTGAATATTCC

TGLA227 18 CGAATTCCAAATCTGTTAATTTGCT 55-56 - 75-105
ACAGACAGAAACTCAATGAAAGCA

BMS2533 15 TGAAGTAAGTAAGCACACAAGCA 56 122-156
TTGATCATCTTTAGGTCCATCC

POTCHA 15 GTAAACACAGTTCCCTGGAGAG 59 135-151
ATGCCAACTTTTCCCATCAC

ILSTS006 7 TGTCTGTATTTCTGCTGTGG 55 123482 277-309
ACACGGAAGCGATCTAAACG

HAUT24 22 F: CTCTCTGCCTTTGTCCCTGT 52.1 106-132
R: AATACACTTTAGGAGAAAAATA

BoLA RBPI 23 ATGGTGCAGCAGCAAGGTGAGCA 55 110-132
GGGACTCAGTCTCTCTATCTCTTT

BoLA DR2B 23 AGGCAGCGCCGAGGTGAGCGA 60 144-152
TCCAACACTCACCTGGACGTAGC

SPS115 15 AAAGTGACACAACAGCTTCTCCAG 58 240-256
AACGAGTGTCCTAGTTTGGCTGTG

HELS5 21 GCAGGATCACTTGTTAGGGA 52-57 X65204 145-171
AGACGTTAGGTACATTAAC

INRAO023 3 GAGTAGAGCTACAAGATAAACTTC 55 X67830 195-225

TAACTACAGGGTGTTAGATGAACTC

2006, 2012). Polymorphic information content (PIC) value
of marker was calculated using Cervus version 3.0.6
(Kalinowski et al., 2007). Mode-shift test for the distribution
of allele frequencies classified into 10 frequency classes was
performed using BOTTLENECK 1.2.02 (Piry et al., 1999).

STRUCTURE version 2.3 (Pritchard et al., 2000) was
employed for Bayesian identification of genetic clusters
and the degree of admixture that best fit the data. Ten in-
dependent runs were performed for K =2 with burn-in per-
iod of 100 000 iterations followed by 200 000 iterations of
the Markov chain Monte Carlo algorithm. STRUCTURE
HARVESTER (Earl and vonHoldt, 2012) was used to re-
format data using Evanno method (Evanno et al., 2005).
CLUMPP version 1.1 (Jackobsson and RosenBerg,
2007) was employed to obtain optimal matrices for 10
replications for K=2 and this output file was visualized
using DISTRUCT version 1.1 (Rosenberg, 2004).

Results and discussion

A total of 14 loci were successfully amplified from hair
samples while three loci (SPS115, HELS5 and INRA023)

failed. The genetic variability estimates (H,, H. and
inbreeding coefficient (F)) by marker and populations are
presented in Table 2. N, per locus ranged between 2
(TGLA126) and 7 (BM2113 and BoLADRBPI1) in WZ
and between 2 (ETH10 and BM1824) and 6 (ETH225)
in AS. Mean N, per locus was 4.14 and 3.64 for WZ
and AS, respectively. These parameter estimates of the
two farms were similar, which is obvious considering the
same source of the animals. The microsatellite loci in cur-
rent study as per Barker (1994) may be useful to evaluate
the genetic diversity of Mithun in Bhutan. The overall N,
of Bhutanese Mithun population was lower than Yunnan
Mithun (7.88) (Qu et al., 2012).

Observed heterozygosity (H,) ranged between 0.121
(BM1824) and 0.813 (BMS2533) for WZ and between
0.125 (TGLA227) and 0.889 (BoLA DRBPI1) for AS.
Expected heterozygosity (H.) ranged between 0.115
(BMI1824) and 0.827 (BoLA DRBP1) for WZ and be-
tween 0.122 (ETH10) and 0.716 (ETH 225, BoLA
DRBP1) for AS. Mean H, and H, were 0.56 and 0.50 in
WZ, and 0.49 and 0.48 in AS respectively. The mean H,
(0.53), He (0.49) and PIC (0.44) for all the loci in this
study are low. Ten loci from WZ and 11 from AS were
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0.114
0.673

0.122
0.716
0.301

0.130
0.674
0.326
0.778

—0.070

1.14

3.

ETH10

0.190
0.578

0.182 0.197
0.625
0.111

0.667

0.075
—0.067
—0.052

1.24
2.

ETH10

0.059
—0.082
—0.120

—0.171

53

ETH225

67
13

ETH225

0.256

1.43
3.27
1.61
1.81

BMI1824
BM2113

0.115

1. 0.121

BMI1824
BM2113

0.649

0.694
0.380
0.448

0.700
0.368
0.363

0.744
0.456

0.727
0.519

0.023
—0.137
—0.142
—0.060
—0.570
—0.333
—0.071
—0.174

391

1.

0.323

0.444
0.415

TGLA122

84

3

TGLA122

0.367
0.244
0.473

0.074
0.547
0.133

—0.111

TGLAI126

0.478

0.545

1
70
07
06

1.9

TGLAI126

0.276

0.125
0.444
0.556
0.375

38
2.05
2.00
1.66
2.25
3.52
2.

1.

TGLA227
BMS2533

0.339
0.412

0.413

0.438

1.

3

TGLA227
BMS2533

0.512

0.518

0.813

2.

0.450

0.500
0.398
0.555

POTCHA
ILSTS006

0.516 0.469

2. 0.688

POTCHA
ILSTS006

0.354

0.059

0.498 0.445

0.533

1.99
2.77
5.76
2.09

2.

0.456

0.375

0.324
—0.241
—0.321
—0.001

HAUT24

0.580
0.804
0.451

0.639

0.750
0.786

HAUT24

0.716 0.667

0.889
0.714

5
3

BOLAPRBPI
BOLADR2B

0.827
0.521

0.049

7
3

BoLA PRBPI
BoLA DR2B

0.453

0.541

18
16

0.500
0.560

0.041
—0.102

0.480 0.427

0.490

2.

3.64

0.446

0.500

37

4.14

Mean

moderately informative (0.25 <PIC <0.50) and four loci
from WZ and three loci from AS were highly informative
(PIC > 0.5), indicating a moderate polymorphism across all
loci (Bolstein et al., 1980). Overall, there is low level of
genetic diversity among the Mithun population in
Bhutan. These estimates of genetic diversity is similar to
Yunnan Mithun in China (H, (0.53), H, (0.63) and PIC
(0.60) (Qu et al., 2012). But higher than two rapidly de-
clining zebu cattle breeds of India (Mukesh et al., 2004)
and lower than the cattle breeds in Europe (Schmid
et al., 1999; Del Bo et al., 2001). A low genetic diversity
in current study may be attributed to small population size
and repeated introduction of animals from same source
(Aurnachal Pradesh, India) over the years.

The Wright’s fixation indices (F') to measure local inbreed-
ing ranged between —0.570 and 0.075 with average of
—0.102 for WZ and between —0.321 and 0.547 with aver-
age of —0.001 for AS (Table 3). The overall population
inbreeding estimate (Fg) was —0.056 (P=0.001) and sub-
division estimate (Fst) was 0.054. This indicated that there
was no inbreeding within the population, which possibly
is a result of random mating in the population. Test for
HWE revealed that two loci (ETH10 and BMS2533) in
WZ and one locus (TGLA227) in AS deviated signifi-
cantly (P <0.05). Overall, these values suggest a low level
of population differentiation and limited out-breeding. This
is evident as period of isolation of these populations is
only from mid 1970s.

Analysis of molecular variances (AMOVA) showed 5 per-
cent of total variation was between populations, 37 percent
among individuals and 58 percent within individuals. A
high within-individual variation is a result of high expres-
sion of genetic drift in small population size (Excoffier

Table 3. F-statistics and Hardy-Weinberg equilibrium (HWE)
values for 14 microsatellite loci in Mithun of Wangdigang,
Zhemgang (WZ) and Arong, Samdrupjongkhar (AS).

Locus F-statistics HWE

Fis Fir Fgr WZ AS
ETH3 —0.051 —0.042 0.009 0.87 0.54
ETHI0 0.019 0.023  0.004  0.000*%**  0.64
ETH225 0.001 0.013 0.012 0.99 0.96
BMI1824 —0.074  —0.031 0.040 0.99 0.58
BM2113 —0.046 0.012  0.055 091 0.69
TGLA122 —0.152  —0.141  0.010 0.80 0.92
TGLA126 —0.038 —0.029 0.009 0.41 0.80
TGLA227 0.183 0.199  0.020 0.92 0.002%**
BMS2533 —-0.220 —0.174 0.038  0.05* 0.68
POTCHA —0.224 0.145 0301 0.93 0.63
ILSTS006 —-0.014 0.002  0.016 0.20 0.20
HAUT24 0.057 0.138 0.086 0.22 0.47
BOLAPRBPI  —0.086 —0.069 0.016 0.51 0.36
BOLADR2B —0.143 0.016 0.139 0.07 0.37
Mean —0.056 0.005  0.054

* Significant at P<0.05;
P<0.001.

** Significant at P<0.01; *** Significant at
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Figure 2. (a) Modeshift test for bottleneck analysis in Wangdigang Mithun population; (b) modeshift test for bottleneck analysis in Arong Mithun population.

wz

AS

Figure 3. Distinct plot for 84 Mithun by model-based clustering in STRUCTURE for K =2 with green colour representing WZ and Yello As Mithun. Individuals

are represented by thin vertical lines and population separated by bold line.

et al., 1992). Further, there was a close relationship be-
tween farms (Nei’s genetic distance 0.145) (Nei, 1987).
Despite small population, there was no recent bottleneck
as per mode-shift distortion graph (Figure 2a and 2b).
The lack of recent bottleneck according to Luikart et al.
(1998) further supports lack of inbreeding in these popula-
tions and presence of optimum population size at the
source.

STRUCTURE software was employed to compute the pro-
portion of the genome at multiple markers to observe over-
all population structuring and to assign individuals to one
of the two populations. At K=2, the populations of WZ
and AS did not cluster distinctly to the inferred popula-
tions. Nevertheless, membership coefficients (Q) values
indicated subtle level of genetic clusters as shown in
Table 4. There is no clear differentiation of two popula-
tions further supports the absence of distinct genetic char-
acteristic between the farms (Figure 3). Each column

Table 4. Population membership Q values in the two inferred
clusters using STRUCTURE analysis.

Populations Inferred cluster Number of individuals
1 2

wz 0.4569 0.5431 37

AS 0.5275 0.4725 47

WZ, Wangdigang,
populations.

Zhemgang and AS, Arong, Samdrupjongkhar

represents the genetic proportion in which an animal
belonged to the population, with green colour representing
WZ and Yellow AS Mithun.

The animals in these two farms have not undergone genet-
ic differentiation. They also, have low genetic diversity
and very low/no inbreeding. Therefore periodic assessment
of levels of inbreeding in the population, exchange of ani-
mals between the farms is recommended to guide the need
for introduction of Mithun from elsewhere.

Conclusion

This study revealed that a panel of 14 polymorphic micro-
satellite DNA markers of cattle can be useful for assess-
ment of genetic diversity in Mithun. There is overall a
low genetic diversity in Mithun population in Bhutan.
Considering the small population, periodic assessment of
inbreeding levels and exchange of animals between
farms is recommended to manage levels of inbreeding
and guide on the need for introduction from its sources.
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Summary

Pedigree analysis using genealogical information of 18 315 animals born between 1949 and 2008 was done to quantify genetic vari-
ability of the Sahiwal population in Kenya. Generation intervals for sire pathways were longer than dam pathways and increased over
year periods, from about 4—16 years. The later was due to use of old bulls for breeding in the last 2 year groups and cessation of pro-
geny testing in the year 2000. Average inbreeding level in last year period studied was 1.2 percent. Genetic variability of the population
as assessed based on gene origin statistics decreased over the years. The ratio of effective number of founders to founders of 0.06
showed unequal contribution of founders to the reference population. However, since the founding population, ancestors contributed
equally as shown by the ratio of f./f, of 0.94, which could also be due to lack of effective selection in this population. The ratio of f,/f,
of 0.63 indicated genetic loss of genetic variability occurred through genetic drift in the Kenyan Sahiwal population. The small number
of ancestors (16) that accounted for 50 percent of the total variation in the reference population suggested overuse of a small number of
some animals as parents over generations. The smaller ratio of f,/f. compared with f,/f. also confirms loss of genetic variability in the
population by genetic drift than bottlenecks. Therefore the breeding strategy for the Sahiwal population in Kenya should incorporate
tools that balance rate of genetic gain and the future rate of inbreeding.

Keywords: effective population size, genealogy, genetic diversity, inbreeding, optimum contribution

Résumé

Une analyse généalogique a ¢été réalisée avec les données de 18 315 animaux nés entre 1949 et 2008 dans le but de quantifier la
variabilité génétique de la population Sahiwal au Kenya. Les intervalles générationnels ont été¢ plus longs sur la voie paternelle que
sur la voie maternelle et se sont allongés au cours des années, d’environ 4 ans a 16 ans. Ceci a ét¢ di a [’utilisation de vieux
males pour la reproduction dans les deux dernieres périodes d’années et a 1’arrét du controle de la descendance en 1’an 2000. Le niveau
moyen de consanguinité dans la derniére période étudiée a été de 1.2 pour cent. La variabilité génétique de la population, évaluée au
moyen de statistiques sur 1’origine des génes, a diminué au fil des années. Le rapport entre le nombre effectif de fondateurs et les fon-
dateurs a été de 0.06, ce qui met en évidence une contribution inégale des fondateurs a la population de référence. Cependant, depuis la
population fondatrice, les ancétres ont contribué équitablement, comme reflété par le rapport f./f; de 0.94, qui pourrait aussi étre dii a un
manque de sélection efficace dans cette population. Le rapport f,/f, de 0.63 indique une perte de variabilit¢ génétique causée par dérive
génétique dans la population Sahiwal du Kenya. Le faible nombre d’ancétres (16) expliquant 50 pour cent de la variation totale dans la
population de référence suggere I’utilisation excessive en tant que parents d’un petit nombre d’animaux au cours de plusieurs
générations. De méme, le fait que le rapport f,/f. soit inférieur au rapport f,/f. confirme la perte de variabilité génétique dans la popu-
lation par dérive génétique plutot que par goulots d’étranglement génétique. Par conséquent, la stratégie de sélection pour la population
Sahiwal au Kenya devrait intégrer des outils permettant d’équilibrer le taux de gain génétique et le taux futur de consanguinité.

Mots-clés: taille effective de la population, généalogie, diversité génétique, consanguinité, contribution optimale

Resumen

Se llevo a cabo un analisis genealdgico con datos de 18 315 animales nacidos entre 1949 y 2008 con el fin de cuantificar la variabilidad
genética de la poblacion Sahiwal en Kenya. Los intervalos generacionales por la via paterna fueron mayores que por la via materna y
aumentaron con el paso del tiempo, desde aproximadamente 4 a 16 afios. Esto tltimo se debid al uso de machos viejos para la cria en
las dos ultimas franjas de afios y al cese del testaje de la progenie en el afio 2000. El nivel medio de endogamia en el ultimo periodo de
tiempo estudiado fue del 1.2 por ciento. La variabilidad genética de la poblacion, determinada en base a estadisticas del origen de los
genes, disminuy0 a lo largo de los afios. El ratio entre el nimero efectivo de fundadores y los fundadores fue de 0.06, lo cual muestra
una contribucion desigual de los fundadores a la poblacion de referencia. Sin embargo, desde la poblacion fundadora, los ancestros
contribuyeron equitativamente, tal como refleja el ratio f/f; de 0.94, que también podria deberse a una falta de seleccion eficaz en
esta poblacion. El ratio f/f, de 0.63 indico una pérdida de variabilidad genética ocurrida por deriva genética en la poblacion
Sahiwal keniana. El pequefio numero de ancestros (16) responsable del 50 por ciento de la variacion total en la poblacion de referencia
hace pensar en un uso excesivo de un reducido nimero de animales como progenitores a lo largo de varias generaciones. También el
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hecho de que el ratio f,/f. sea menor que el ratio f,/f. confirma la pérdida de variabilidad genética en la poblacion por deriva genética
mas que por cuellos de botella. En consecuencia, la estrategia reproductiva para la poblacion Sahiwal en Kenya deberia incorporar
herramientas que equilibren la tasa de ganancia genética y la tasa futura de endogamia.

Palabras clave: tamario efectivo de poblacion, genealogia, diversidad genética, endogamia, contribucion optima
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Introduction

The Sahiwal was first introduced into Kenya in the first
half of the twentieth century to improve the performance
of the local Zebu cattle for milk production and growth.
The original population was composed of 60 bulls and
20 cows, which were put in Livestock Improvement
Centres (LICs) in different parts of the country following
the recommendation of Meyn and Wilkins (1974). Since
then breeding in this herd has been a closed nucleus
with external germplasm in form of semen from Pakistan
being introduced in 1992. In 1963, after some basic per-
formance evaluations, superior individuals were selected
and used to start a breeding herd in Naivasha, Kenya,
referred to as the national Sahiwal Stud (NSS). Since
then the Sahiwal has been bred under a closed nucleus.

Closed nucleus breeding programmes are popular in devel-
oping countries because they are cheaper to implement and
run in terms of logistics, financing and expertise required
(Kahi, Nitter and Gall, 2004). The nucleus is usually com-
posed of high performing animals (Schierenbeck et al.,
2011), recording of performance traits is thorough. Best
Linear Unbiased Prediction (BLUP) based genetic evalua-
tions and reproductive technologies such as artificial
insemination (Al) lead to faster genetic gains by increasing
the selection intensity due to use of only a few superior
individuals in an entire population. Availability and use
of semen from these superior individuals can lead to reduc-
tion of genetic variability due to increasing inbreeding
levels in livestock herds (Weigel and Lin, 2002). This is
more likely to occur in closed nucleus breeding pro-
grammes, precipitating erosion of genetic diversity.

Inbreeding level of the Kenyan Sahiwal breed is reported
to be above 2 percent and increasing in recent years
(Muasya, Kariuki and Muia, 2011; Kamiti, 2014).
Effective population size (Ne) was reported to be between
102 and 247 based on complete pedigree information
(Muasya, Kariuki and Muia, 2011; Kamiti, 2014).
Whereas the Ne is within recommended levels required
for a population to maintain its evolutionary potential
(FAO, 1998), the estimates are below the threshold of
500 for any breeding population to maintain its genetic
variability in the long term (Franklin and Frankham,
1998). If unchecked, continued reduction in genetic vari-
ability will lead to unfavourable effects such as inbreeding
depression, emergence of lethal recessive alleles when in

homozygous form and increased variance of genetic pro-
gress due to chance (Falconer and Mackay, 1996).

Measures of inbreeding and effective population size are
useful for long term management of genetic variability
and can be used to monitor its trends in cattle breeding pro-
grammes. However, these parameters can be over- or
underestimated depending on pedigree completeness
(Muasya, Peters and Kahi, 2013; Faria, Madalena and
Josahkian, 2009). Alternative measures of genetic variabil-
ity which are less sensitive to pedigree completeness are
gene origin statistics (Boichard, Maignel and Verrier,
1997). These parameters are therefore more informative
than Ne in describing short-term effects on genetic vari-
ability of populations (Boichard, Maignel and Verrier,
1997). They provide a better understanding of a breed’s
history and inform future actions in order to achieve
greater genetic gains without loss in genetic diversity
Carneiro et al. (2006) by monitoring and controlling
rates of inbreeding (Fernandez et al., 2011). Loss of gen-
etic diversity can occur due to heavy use of some Al
sires (Muasya, Peters and Kahi, 2013; Hammami et al.,
2007), periodic reductions in population size, unequal con-
tributions of ancestors and changes in the number of con-
tributing males (Boichard, Maignel and Verrier, 1997).
This has been shown to contribute to increase of family
variance (Faria, Madalena and Josahkian, 2009), and
make it difficult to interpret estimates of inbreeding and
Ne (Boichard, Maignel and Verrier, 1997). The objective
of this study was to assess the genetic variability
Sahiwal cattle in Kenya through pedigree analysis.

Material and methods

Materials

Data on pedigree of the Sahiwal cattle in Kenya were
obtained from animals born in the National Sahiwal Stud at
Kenya Agricultural and Livestock Research Organisation
(KALRO) Naivasha and consisted of animals born between
1949 and 2008. Information on these animals included dates
ofbirth and sex of each animal. The genealogy of each animal
was traced individually as far back as possible in the birth
record book database in order to include all known ancestors
and relatives of each individual leading to the creation of a
database of 18 315 animals.



Methods

Generation intervals

Generation intervals, or the age of parents when their pro-
geny are born (Falconer and Mackay, 1996) were calcu-
lated for the sire—son, sire—daughter, dam—son and dam—
daughter pathways.

Pedigree completeness

Parameters estimated to quantify pedigree quality included
pedigree completeness index, number of maximum traced,
number of complete generations and number complete
generation equivalent. The parameters were estimated as
follows:

Number of maximum traced generations

Number of generations was calculated as the number of
generations separating the offspring from its furthest
known ancestor in each path. Ancestors with unknown
parents were considered as founders and assigned to gen-
eration 0.

Number of complete generations

Number of equivalent generations is the number of genera-
tions, n separating the individual from the furthest gener-
ation where both generation ancestors of the individual
are known. This was computed as:

n l n
GE = o I
20
where n is the number of generations separating the indi-

vidual to each known ancestor, where both generation
ancestors are known.

Number of complete generations equivalents

Complete generation equivalent was computed as the far-
thest generation for which all ancestors are known. For
an individual j, the number of complete generation equiva-
lents, CGE, was calculated as:

l’lj 1
CGE = ZF’

i—1

where #; is the number of ancestors for animal j; g;; is the
number of generations separating individual ;j and its
ancestor i (Solkner, Filipcic and Hampshire, 1998).

Increase in inbreeding per generation

Increase in inbreeding per generation was also calculated
based on regression (b) of individual increase in inbreed-
ing over equivalent generations as:

F,—Fi

AF =l
1 —Fi

where F; and F,_; are the average inbreeding of the ith
generation.

Pedigree analysis of Sahiwal in Kenya

Individual increase in inbreeding
Individual increase in inbreeding AF; was calculated as
(Gutierrez, Cervantes and Goyache, 2009):

AF;=1— “/1 - F;

where F; is the individual coefficient of inbreeding and
CGE is the complete generation equivalent (Maignel,
Boichard and Verrier, 1996).

Effective population size

Effective population size, Ne is defined as the number of
breeding animals expected to cause the actual increase in
inbreeding if they contributed equally to the next gener-
ation (Falconer and Mackay, 1996). Effective population
size, Ne for each generation was calculated based on AF
as:

1
Ny = ——,
¢ 2AF

as long as F,>F,_; to allow for characterise the effect of
remote and close inbreeding. For small populations and
or with shallow pedigrees, Ne is usually overestimated
(Goyache ef al., 2003). Additional values of Ne were esti-
mated as the coefficient of regressing individual inbreeding
coefficient on number of (i) full generations, (ii) maximum
and equivalent generations traced and (iii) complete gener-
ation equivalents. The corresponding coefficient of regres-
sion represented the increase in inbreeding between any
two consecutive generations (F; — F;_; =b), such that N,
=1/2b. Estimates of Ne calculated using full, maximum
and equivalent generation are useful informing lower,
upper and real limits of Ne for the population under study.

Probability of gene origin statistics

Number of founders (Nf) was computed as all individuals
in the population with unknown parents and were non-
inbred. Also any individual with either parent unknown,
that parent was taken as a founder.

Effective number of founders (f;), defined as the number
of equally contributing founders expected to produce the
same diversity as observed in the reference population
(Lacy, 1989) was estimated as:

B 1
Z;:l Qi

where g, is the probability of a gene origin of the kth
founder.

fe

Effective number of ancestors (f,) is defined as the
minimum number of ancestors required to explain the
complete genetic diversity in a population (Boichard,
Maignel and Verrier, 1997). This parameter was
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computed as:

1
Jo==>>
) >4

where g; is the marginal contribution of an ancestor j,
which is not explained by other ancestors chosen before
it. Effective number of ancestors accounts for recent bottle-
necks occurring in a population and therefore partially
accounts for loss of allelic diversity in descendant popula-
tion (Boichard, Maignel and Verrier, 1997).

Effective number of founder genomes ( f,) is the number of
founders that would give the same level of genetic vari-
ability in the population under study with equal represen-
tation of founders and no loss of alleles (Ballou and
Lacy, 1995; Lacy, 1989, 1995). This parameter was com-
puted as twice the average coancestry of the individuals in
the reference population.

Mean number of progeny per sire, number of generations,
inbreeding coefficient, average relatedness (AR) coeffi-
cient, individual increase in inbreeding and average off-
spring size and probability of gene origin in the Kenyan
Sahiwal population were computed for 5 10-year groups
as follows: 1(1961-1969); 2(1970-1979); 3(1980-1989);
4(1990-1999) and 5(2000-2008). All parameters were
calculated using ENDOG software (Gutiérrez and
Goyache, 2005).

Results

Registered sires and the average progeny per sire and their
respective standard deviations are given in Table 1.
Average number of progeny per sire and the respective
standard deviation decreased over the years by about 50
and 60 percent, respectively, from the first to the last
year period (Table 1) partly due to a decline in population
size over the years (Table 4). The coefficient of variation
was well over 100 percent (119 to 136 percent).
Generation intervals for sire pathways were longer than
dam pathways and increased over year periods, and ranged
from about 4-16 years (Table 2). The long generation
interval along the sire pathway was due to use of old
sires because progeny testing at the National Sahiwal
Stud had ceased since the year 2000. Since breeding at
the National Sahiwal Stud in Kenya solely uses Al, only
old progeny tested bulls had their semen available. Also
as a policy of the stud, progeny tested bulls were mated
to elite usually old cows to produce young bulls for pro-
geny testing Muhuyi, Lokwaleput and Sinkeet (1999),
partly explaining why the generation intervals were
increasing over the year groups.

Individual inbreeding coefficient, individual AR coeffi-
cient, individual increase in inbreeding and average off-
spring size are given in Table 3. Individual inbreeding
level and AR among individuals in the population

Table 1. Mean number of progeny per sire and standard deviation
in the five year periods in the Sahiwal cattle in Kenya.

Period Number of progeny per sire
Number of sires Mean Standard deviation

1 105 342 46.4

2 144 324 43.3

3 153 26.8 32.0

4 107 22.9 30.4

5 72 20.6 23.3

Table 2. Generation intervals of the four gametic pathways in the
S5-year periods the for the Kenyan Sahiwal population.

Period Gametic pathway
Males Females
Sire Dam Sire Dam

1 4.1 5.9 4.9 4.6
2 9.5 7.7 7.5 5.9
3 10.1 8.2 8.4 6.4
4 16.2 11.8 8.7 7.5
5 15.7 14.7 12.1 7.4

increased over time from 0.09 and 0.7 percent to 1.2 and
2.1 percent, respectively. Values of effective population
size computed by regressing individual inbreeding coeffi-
cient over number of full generations, maximum number
of generations traced and complete equivalent generations
were 102.4, 265.1 and 125.2, respectively.

Probability of gene origin statistics, their ratios and number
of ancestors explaining 50 percent of total variations in
each year period are shown in Table 4. Number of foun-
ders, effective numbers of founders, ancestors and founder
genomes decreased over the years but increased slightly in
the last year group, indicating that loss in genetic variabil-
ity occurred in the Sahiwal breed. The increase in the last
year group could be due to the use of old sires due to ces-
sation of progeny testing at the NSS because of logistical
reasons. The effective numbers of founders were much
smaller compared with the number of founders. The mar-
ginal genetic contribution of the most important ancestor
increased, while the number of ancestors required for
explaining half of the total variation observed in the
Kenyan Sahiwal breed decreased over time.

Discussion

Generation intervals for the sire pathways were very long
compared with other European breeds, even though zebu
cattle generally have delayed age at first calving. This
was partly due to use of old sires, born before the year
2000 following the cessation of progeny testing at the
NSS. Apart from lengthening generation intervals in the
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Table 3. Number of generations, inbreeding coefficient, average relatedness (AR) coefficient, individual increase in inbreeding and

average offspring size for the Kenyan Sahiwal population.

Year period Average inbreeding coefficient (%) AR (%) Individual increase in inbreeding (%) Offspring Effective
population size
Ne' Ne?
1 0.09 0.72 0.05 297 1088.3 199.3
2 0.25 1.77 0.1 2.09 484.8 150.6
3 0.59 2.19 0.18 1.47 271.0 118.5
4 1.15 2.36 0.28 1.18 175.9 72.0
5 1.19 2.07 0.27 0.23 186 70.3
Overall 0.52 1.72 0.15 1.84 - -

Ne' and Ne? represent effective population size computed through regression on individual increase in inbreeding and regression on complete equivalent

generations, respectively.

Table 4. Characteristics based on probability of gene origin in the Kenyan Sahiwal population.

Parameter

Year N Founders Effective number Effective number Effective number of Ancestors explaining filne  flfa Solfa
group of founders of ancestors founder genomes 50% of genetic diversity

1 4583 986 118 102 78 41 0.12 0.86 0.76
2 4802 705 51 51 47 19 0.07 1.00 0.92
3 4366 637 42 41 33 14 0.07 0.98 0.80
4 2602 481 40 38 26 14 0.08 0.95 0.68
5 1962 781 49 46 29 16 0.06 0.94 0.63
Overall 18315 1087 59 59 58 22 0.05 1.00 0.98

sire pathways, use of few old sires led would lead to reduc-
tion in genetic variation and limited or no genetic progress.
This was confirmed by Ilatsia et al. (2007) who reported
lack of genetic progress in milk production and fertility
traits for the Kenyan Sahiwal. Other studies which
reported long generation intervals for the sire pathways
include Faria, Madalena and Josahkian (2009) and Filho
et al. (2010) for Brazilian zebu breeds. However, in experi-
mental herds of some Zebu breeds, shorter generation
intervals of 3.7 years in both pathways have been reported
(Razook et al., 1993). Generation equivalents of the
Sahiwal population in the current study were lower than
those reported for Brazilian Zebu breeds (Faria,
Madalena and Josahkian, 2009). Elsewhere, Italian beef
breeds were reported to have generation equivalents of
about 5 (Bozzi et al., 20006).

Inbreeding coefficient of the Sahiwal cattle breed was
about 1.2 percent in the last year period studied with a gen-
eral increase over the years. This could be attributed to
large-scale utilization of few superior sires and use of
old bulls from before the year 2000 due to cessation of pro-
geny testing, which also led to an increase in the gener-
ation interval and the family size variance (Falconer and
Mackay, 1996) and limited effective population size. In
the current study, effective population size decreased as
inbreeding level increased across the year periods studied
(Table 3). A similar trend was reported among the Gyr,
Nerole and Guzerat Zebu breed in Brazil (Faria,

Madalena and Josahkian, 2009). Average inbreeding coef-
ficients of 0.5 and 1.2 percent for the entire population and
the reference population, respectively were lower than cor-
responding values of 7.8 and 10.8 percent for the Lidia
breed in Spain (Cortés et al, 2014), 4.81 percent for
Burlina breed in Italy (Battagin ef al., 2010) and 2.82 per-
cent for Gyr dairy cattle in Brazil (Filho et al., 2010). Even
higher inbreeding coefficients have been reported in other
cattle breeds (Danchin-Burge ef al., 2012; Bouquet et al.,
2011; McParland et al., 2007).

Estimates of inbreeding levels and effective population
size are closely related to the quality of pedigree
(Gutiérrez et al., 2003; Muasya, Peters and Kahi, 2013).
Further evidence is provided by the values of 102.4,
125.2 and 265.1, obtained based on complete, full and
complete equivalent generations. According to Goyache
et al. (2003) these estimates are useful for providing
lower, real and upper limits of Ne, respectively, for the
population under study since for small populations and
or with shallow pedigrees, Ne is usually overestimated.
In other Zebu breeds, Ne estimates ranging from 124 in
polled Nelore breeds to nine in Sindi breed have been
reported (Faria et al., 2002). Verneque et al (2006)
reported Ne ranging from 16 to 125 for the Dairy Gir,
with more recent generations being more inbred, similar
to the present study. Muasya, Peters and Kahi (2013)
found Ne ranging from 454 to 263 in Kenyan Holstein—
Friesian. Cortés et al. (2014) reported an Ne of 37.5 for
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the Lidia breed of Spain. The decline in Ne can be attrib-
uted to increase in inbreeding coefficient in the population
due intense use of few superior sires (Nomura, Honda and
Mukai, 2001).

Management of genetic variation in selection programmes
is important for conservation purposes and short and long-
term selection responses (Hill, 2000). Effective population
size is an important parameter to monitor when managing
genetic diversity in breeding programmes because it
reduces genetic variability and depresses performance.
An effective population size of 31-250 has been recom-
mended to prevent decline in fitness of a population due
to inbreeding depression (FAO, 1998; Meuwissen and
Woolliams, 1994) and to maintain mid-term genetic vari-
ability. This can be achieved by ensuring that the rate of
inbreeding per generation does not exceed 1 percent
beyond which a population begins to lose its fitness
(Franklin and Frankham, 1998). However, since in most
breeding programmes the aim is to maintain genetic vari-
ability in the long-term, a Ne of at least 500 should be tar-
geted (Franklin and Frankham, 1998). In the present study
Ne in the most recent year group was within the range of 31—
250 required for a population to maintain its fitness (FAO,
1998) but below the recommended levels of 500 for mainten-
ance of genetic variability in the long term (Franklin and
Frankham, 1998). Therefore strategies should be put in
place to control future rates of inbreeding while achieving
genetic progress for traits of economic importance in the
Kenyan Sahiwal breed. Nevertheless, controlling future
rates of inbreeding by constraining the degree of relatedness
of mates is only effective for a few generations (Fernandez
etal.,2011). Incorporation of genomic selection in breeding
programmes, which is capable of minimising Mendelian
sampling allows for increasing effective population size
(Daetwyler et al., 2007) should be considered.

Effective population size is normally overestimated after a
number of generations with incomplete pedigree informa-
tion, becoming worse as number of generations increase.
On the other hand, gene origin statistics are less sensitive
to pedigree completeness and are therefore more informative
than Ne for describing short term effects on genetic variabil-
ity of populations (Boichard, Maignel and Verrier, 1997). In
the present study, the number of founders (animals without
parent information) was high compared to the total popula-
tion size studied, indicating that current Ne value could be
an overestimation. This is seen in the change in Ne from
265.1 to 102.4 when estimated based on full and complete
generations traced, respectively.

Gene origin parameters also indicate the loss of genetic
variability in the Sahiwal breed. Effective number of foun-
ders reported in the current study of 49 in the most recent
year group was higher than that of 38 for the Nelore of
Brazil (Faria, Madalena and Josahkian, 2009) and 27.8 for
Lidia breed in Spain (Cortés et al., 2014) but smaller than
284 for the Gir and 247 for Guzerat cattle breeds (Faria,
Madalena and Josahkian, 2009). The effective number of

ancestors of 46 found in the current study was lower than
211 and 166 for Gir and Guzerat Zebu breeds (Faria,
Madalena and Josahkian, 2009), but higher than 15.8 for the
Lidia breed in Spain (Cortés et al., 2014). Other studies
which have reported lower estimates include Sorensen,
Sorensen and Berg (2005) which found values of 20.6, 23.8
and 34.6, respectively, for Danish Holstein, Jersey and Red
breed populations and Bouquet et al (2011),
Danchin-Burge et al. (2012) and Melka et al (2013).
Effective number of founder genomes of 29 was higher than
12.3 reported for the Lidia breed of Spain (Cortés et al., 2014).

Ratios of parameters of gene origin provide information on
the historical development of a population since the foun-
der population (Boichard, Maignel and Verrier, 1997). The
ratio of f;/Ny describes whether the founders were used in a
balanced manner and the extend of pedigree completeness.
A low ratio means that the population has gone through
bottlenecks and or indicates gaps in pedigree recording.
For the most recent year group studied, the ratio of 0.06
was larger than 0.0004 for Nerole but close to 0.5 for
both Gir and Guzerat breeds in Brazil (Faria, Madalena
and Josahkian, 2009). This implies an unequal contribu-
tion of founders to the reference population. However,
from these studies, the rations are somewhat dependent
on population size, since the Nelore has a large number
of founders (84 452) compared with the Gir (6 081) or
Guzerat (4980) and pedigree completeness such that
lower values are reported for large populations with high
levels of pedigree completeness.

The ratio of f,/f. is useful when describing the history of a
population. The ratio of 0.94 reported in the current study
indicates that the Kenyan Sahiwal population has been
genetically stable. This ratio is close to 0.89 reported for
the Nerole breed but higher than 0.74 and 0.67 for Gir
and Guzerat breeds of Brazil (Faria, Madalena and
Josahkian, 2009). Other lower values include 0.15 for
Tunisian (Hammami et al., 2007) and 0.57 for Spanish
Lidia cattle breed (Cortés ef al., 2014). The ratio reported
in the current study implies a balanced contribution of
ancestors to the reference population of the Kenyan
Sahiwal breed, which could be due to lack of effective
selection in this population (Ilatsia et al., 2007). A ratio
of fo/fe of 0.59 found in the current study was within the
range of 0.4-0.68 reported for Brazilian Zebu breeds
(Faria, Madalena and Josahkian, 2009; Vozzi et al.,
2006) and Spanish Lidia breed (Cortés et al., 2014), indi-
cating genetic loss of genetic variability occurred through
genetic drift in the Kenyan Sahiwal population.

The number of ancestors required to explain 50 percent of
the observed variation in the reference population of 16
was lower than 56, 37 and 41, for Nelore, Gir and
Guzerat, respectively, (Faria, Madalena and Josahkian,
2009). In the Kenyan Holstein—Friesian population a
value of 89 was reported (Muasya, Peters and Kabhi,
2013). For the Lidia cattle breed of Spain, six ancestors
were required to explain 50 percent of the total variation



(Cortés et al., 2014). The small number of ancestors that
account for 50 percent of the total variation in the reference
population suggests overuse of a small number of some
animals as parents over generations, explaining to some
extend the loss in diversity in the Sahiwal population in
Kenya. Also, the smaller ratio of fy/f. compared with f,/
/e, implies loss of genetic variability in the population
was more by genetic drift than bottlenecks.

In Kenya, the Sahiwal is bred under a closed nucleus
breeding program where performance recording and selec-
tion is confined to the nucleus, and the pastoral herds being
the main recipients of the resultant genetic superiority
(Ilatsia et al., 2011). Nucleus breeding programmes have
been advocated for genetic improvement of cattle in devel-
oping countries (Kahi, Nitter and Gall, 2004) due to their
ease of implementation as recording is done in the nucleus.
However, if the current inbreeding levels continue to
increased unchecked and Ne declines the nucleus may
experience a reduction of genetic variability and inbreed-
ing depression for traits of economic importance as well
as possibility of emergence of lethal recessive alleles in
homozygous form and increased sampling variance of
breeding programmes (Malhado ef al., 2012; Meuwissen
and Sonesson, 1998). Difficulties in planning mating sys-
tems aimed at controlling future rates of inbreeding due
to increased AR among individuals may also be experi-
enced (Fernandez et al., 2011). Apart from putting into
place strategies to control future rates of inbreeding, new
germplasm from other Sahiwal populations such as from
India and Pakistan can be introduced in order to widen
the population’s genetic base.

Conclusions

The Kenyan Sahiwal population is derived from a small
founding population and has moderate pedigree complete-
ness. Ratios of gene origin statistics indicate that loss of
genetic variability is more through genetic drift than due
to inbreeding. Effective population size was low or moder-
ate depending on the method of estimation. Future breed-
ing strategy should aim to control future decline in
effective population size. From the perspective of long-
term management of genetic variability, rate of increase
in coancestry is most crucial since it uses all currently
available information to predict future trend in inbreeding.
Using few progeny tested sires born before the year 2000
will have consequence of limited genetic progress in the
NSS and reduction in genetic variation. Therefore progeny
testing should be urgently resumed coupled with a breed-
ing strategy that incorporates tools that balance rate of gen-
etic gain and the future rate of inbreeding.
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Summary

An exploratory survey to phenotypically characterize indigenous chicken populations was carried out in Metekel zone of Northwestern
Ethiopia in April 2013. A total of 69 males and 244 females were sampled to record their qualitative and quantitative traits. Eight quan-
titative and 16 qualitative variables were measured. Sampling included three districts representing different agroecological zones.
Coefficient of variation for quantitative variables ranged from 6.38 to 52.37 percent in male sample populations and 4.59-21.4 percent
in females. The chi-square tests for plumage colour of the neck, ear lobe colour and skeletal variant type were highly significant (5> <
0.05). The correct classification percentage from discriminant analysis was 93.73 and 98.41 percent for male and female sample popula-
tions, respectively, indicating the homogeneity of the chicken populations within districts. The stepwise discriminant analysis identified
five variables for male and three variables for female sample populations, which had the highest discriminating power. Canonical analyses
showed that differences in body measurements between indigenous chicken populations were highly significant (P < 0.0001). The results
obtained from on-farm performance evaluation indicated that the average age at first lay of hens, number of chicks weaned and mean num-
ber of eggs laid per bird per year were 5.5 months, 6.5, 50.1, respectively. This information will constitute the basis for further character-
ization and development of conservation strategies for indigenous chicken populations of Northwestern Ethiopia.

Keywords: indigenous chicken, morphological traits, multivariate analyses, Metekel, Northwestern Ethiopia

Résumé

Dans la zone de Metekel, au Nord-Ouest de I’Ethiopie, une étude d’exploration a été menée en avril 2013 pour caractériser
phénotypiquement les populations de poules indigeénes. Huit caractéres quantitatifs et seize caractéres qualitatifs ont été mesurés sur
un échantillon total de 69 males et 244 femelles. L’échantillonnage s’est fait sur trois districts représentant différentes zones agro-
écologiques. Le coefficient de variation des paramétres quantitatifs a vari¢ de 6,38 pour cent & 52,37 pour cent chez les males et de
4,59 pour cent a 21,4 pour cent chez les femelles. Les tests du khi-carré pour la couleur du plumage du cou, la couleur des oreillons et
le type squelettique ont été trés significatifs (> <0,05). Le pourcentage d’animaux correctement classés grice a I’analyse discriminante
a été de 93,73 pour cent chez les males et de 98,41 pour cent chez les femelles, ce qui refléte ’homogénéité des populations au sein
des districts. L’analyse discriminante pas a pas a décelé que la plus grande capacité de discrimination revenait a cinq variables dans les
échantillons de males et a trois variables dans les échantillons de femelles. Les analyses canoniques ont montré que les différences sur
les mesures corporelles entre les populations de poules indigénes ont été trés significatives (P < 0,0001). Les résultats obtenus sur le terrain
pour les performances des poules ont indiqué que I’dge moyen a la premiére ponte, le nombre de poussins élevés et le nombre moyen d’ceufs
pondus par poule et par an ont été de 5,5 mois, 6,5 et 50,1, respectivement. Ces informations fournissent la base pour de futures
caractérisations et pour I’élaboration de stratégies de conservation pour les populations de poules indigénes du Nord-Ouest de I’Ethiopie.

Mots-clés: analyses multivariées, traits morphologiques, poules indigénes, Metekel, Nord-Ouest de I’Ethiopie

Resumen

En abril de 2013 se llevd a cabo un estudio exploratorio en la zona de Metekel, en el Noroeste de Etiopia, para caracterizar
fenotipicamente las poblaciones de gallinas autdctonas. Se midieron 8 caracteres cuantitativos y 16 cualitativos sobre una muestra
total de 69 machos y 244 hembras. El muestreo incluy¢ tres distritos, representativos de diferentes zonas agroecoldgicas. El coeficiente
de variacion de los parametros cuantitativos varié de 6,38 por ciento a 52,37 por ciento en las muestras de machos y de 4,59 por ciento
a 21,4 por ciento en las muestras de hembras. Los tests chi-cuadrado para el color del plumaje del cuello, el color de las orejillas y la
variante esquelética fueron altamente significativos (3> < 0,05). El porcentaje de animales clasificados correctamente gracias al analisis
discriminante fue del 93,73 por ciento en los machos y del 98,41 por ciento en las hembras, lo cual refleja la homogeneidad de las
poblaciones de gallinas dentro de los distritos. El analisis discriminante escalonado desveld que la mayor capacidad discriminatoria
la presentaban cinco variables en las muestras de machos y tres variables en las muestras de hembras. Los analisis candnicos mostraron
que las diferencias en las medidas corporales entre las poblaciones de gallinas autdctonas eran muy significativas (P <0,0001). Los
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resultados obtenidos para los rendimientos en granja de las gallinas indicaron que la edad media a la primera puesta, el niimero de
pollitos criados y el nimero medio de huevos puestos por ave y afio fueron de 5,5 meses, 6,5 y 50,1, respectivamente. Esta
informacion constituira la base para posteriores caracterizaciones y para el desarrollo de estrategias de conservacion de las poblaciones

de gallinas autoctonas del Noroeste de Etiopia.

Palabras clave: andlisis multivariantes, rasgos morfologicos, gallinas autoctonas, Metekel, Noroeste de Etiopia

Submitted 17 December 2014; accepted 4 April 2016

Introduction

Indigenous breeds, also termed native breeds, originate
from and are adapted to and utilized in a particular geo-
graphical region, form a sub-set of the locally adapted
breeds (FAO, 2001). In Ethiopia, there are about 50.4 mil-
lion chickens out of which 96.9 percent are indigenous and
3.1 percent are exotics and their crosses (CSA, 2013). The
indigenous chickens produce 85.5 million eggs annually
(91.8 percent), while a much less amount (8.2 percent) is
contributed to the national egg production by improved
strains of chickens largely kept in intensive poultry pro-
duction systems (CSA, 2013). There are no defined breeds
as such and they are referred to as ‘ecotypes’ or ‘populations’
and some have been a subject of morphological and genetic
characterization studies (Forsido, 1986; Dessie, 2003;
Duguma, 2006; Hassen, 2007; Kibret, 2008; Dana et al.,
2010; Moges, Melesse and Dessie, 2010; Melesse and
Negesse, 2011; Aklilu, 2013; Desta et al., 2013; Nigussie,
2013; Getu, Alemayehu and Wultaw, 2014). Only ten
Ethiopian chicken types, namely Chefe, Gebsima, Horro,
Jarso, Kei, Naked neck, Netch, Tepi, Tikur and Tilili have
been listed in the Domestic Animal Genetic Resources
Information System (DAGRIS) database (DAGRIS, 2007)
and a large part of the indigenous chicken genetic diversity
still remains non-descript.

Quantitative and qualitative morphological traits are im-
portant in the characterization and measurement of indi-
genous chicken genetic diversity. Metekel zone of
Benishangul Gumuz is among areas of Ethiopia where
no extensive introduction of exotic chicken germplasm
has taken place. Preference for particular chicken pheno-
types can be strongly influenced by the culture of the peo-
ple and specific needs to their unique environments. In this
regard, Metekel zone is considered as one of the most eth-
nically and agro-ecologically diverse areas. The five lar-
gest ethnic groups reported in the Zone were the Gumuz
(36.78 percent), the Shinasha (21.6 percent), the Amhara
(17.39 percent), the Awi (11.33 percent) and the Oromo
(11.09 percent) while all other ethnic groups made up
1.81 percent of the population (CSA, 2007).

Except for Dana et al. (2010) who studied indigenous chicken
populations in Mandura district, populations in other districts
of Metekel zone in Northwestern Ethiopia have never been
investigated. The present study was therefore carried out to
study variations among indigenous chicken populations in

three districts of the zone in terms of morphological and pro-
ductive performance as a basis for the design of future genetic
intervention programmes.

Materials and methods

Description of the study area

There are nine geopolitical boundaries in the Federal
Democratic Republic of Ethiopia, which are referred to
us Regional States or Regions. This study was conducted
in Guba, Dibate and Wombera districts of Metekel zone,
in Benishangul-Gumuz Region, in Northwestern Ethiopia
(Figure 1). Metekel zone, one of the three zones in the
Region, consists of six districts and is situated within an
altitude range of 550-2500 m above sea level. Metekel is
the largest zone with an area of 26 272 km®. The average
monthly temperature ranges between 20 and 25 °C.
During the hottest months (January—May), it reaches be-
tween 28 and 34 °C. The amount of annual rainfall varies
from 500 to 1800 (MZARDO, 2007). Map of Benishangul
Gumuz Region with the three sample districts in Metekel
zone of Northwestern Ethiopia is presented in Figure 1.

The agricultural production system in Metekel zone varies
with agroecology. Wombera district, which has the highest
altitude not only in the zone, but also in the Region, is char-
acterized by mixed crop—livestock production system. The
agricultural production system in the mid-altitude and
especially lowland districts on the other hand is based on
diversified livelihood strategies that include mixed crop—
livestock production, hunting and gathering, and traditional
gold mining. Chickens are kept as part of a village chicken
production system where they subsist on scavenging and
mate uncontrolledly. While ploughing with a pair of oxen
is a technology being recently introduced to some of the
indigenous communities, considerable area of land in the
zone is currently being used by private companies for cotton,
sesame and other lowland oilseeds production.

Sample size and sampling method

The sampling frame was established following an explora-
tory survey to all the six districts of the zone and discus-
sions with local livestock extension officers and
researchers. Districts were then clustered purposively tak-
ing into account of agroecological variability, poultry
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Figure 1. Map of Metekel zone indicating the study area (adapted from GERDP, 2012).

market-sheds, and the presence of native communities who
have been keeping chicken in the area for many genera-
tions. Agroecology was considered by the researchers to
have implications on indigenous chicken genetic diversity
through adaptive divergence, while market-shed was
assumed as a major factor for the mix-up of different
chicken populations in a village production setting.
Selection of districts from a cluster was done randomly.
The cluster of lowland districts in the zone was represented
by chickens sampled from Guba district, while the mid-
altitude and highland clusters were represented by Dibate
and Wombera districts, respectively. Villages in each dis-
trict were located within the same market-shed and were
homogenous in terms of agroecology. Hence, it sufficed
to sample two villages from each of the three districts on
random. Households and villages were sampled through
a transect walk. A maximum of three hens and two
cocks were sampled from a household. The data were col-
lected in April 2013 and the target number for sample
chickens for a study district was 100-300 hens and 10—
30 cocks (FAO, 2012). Measurements were taken from
males aged at least 1 year and females that have already
started laying based on information obtained on each
chicken from the owner.

All quantitative and qualitative variables in the standard
chicken descriptor list of FAO (2012) were measured in
this study. A total of 69 males and 244 females were
sampled to record their qualitative and quantitative traits
(Table 1). Eight quantitative and 16 qualitative characters
were measured. Measurements were made using textile
tape in centimetre unit. A hanging spring balance was
used to measure live body weight of individual chickens.
Information on flock performance of indigenous chickens
was collected with the help of structured questionnaires
addressed to 75 farmers.

Data management and statistical analysis

All data were entered, and edited using Excel© worksheet
(Microsoft Office, 2013). Qualitative data were subjected
to chi-square (;°) tests. The Statistical Package for Social
Sciences (SPSS 20.0, 2011) was used to estimate their fre-
quency and level of association with district. Non-paramet-
ric discriminant analysis was also run on qualitative
variables to confirm their importance in classifying the
populations into phenotypically distinct groups. The general
linear model (PROC GLM) of SAS (2003) was employed
to examine the importance of quantitative variables in

Table 1. Description of the study districts and number of chickens sampled.

District'/district Altitude Latitude Longitude Agroecology Chicken* Chicken® Cocks Hens
(m asl) population density/km2

Dibate 1414-1531 10°46’ 36°15 Tepid to cool sub-humid, mid-altitude 28611 18.19 21 81

Wombera 2480-2565 10°37 35°39’ Tepid to cool moist, highland 31605 5.81 24 81

Guba 575-879 11°16’ 35°17 Hot to warm moist, lowland 7216 2.80 24 82

Total 69 244

"District is an administrative domain at the third level down a Region and immediately below a zone.

Bureau of Agriculture, Benishangul-Gumuz National Regional State, 2003.
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explaining phenotypic differences between sample chicken
populations of the three districts. Duncan’s multiple range
test was performed on district means of body measurement
traits. Stepwise discriminant procedure was applied using
PROC STEPDISC to determine which morphological
traits have more discriminant power than the others. The
CANDISC procedure (SAS, 2003) was used to perform
canonical analysis to derive canonical functions, linear
combinations of the quantitative variables that summarize
variation between districts, and compute Mahalanobis
distance matrix. The percent assignment of chicken popula-
tions into respective districts was made by using DISCRIM
procedure. PLOT procedure was used in conjunction with
the CANDISC procedure to aid visual interpretation of
group differences between districts.

Quantitative data were analysed separately for the two
sexes. Taking district and sex as fixed main effects, the fol-
lowing model was used to analyse quantitative data:

Yip = w+Si+ D+ ey,

where Y;; . is the observed value of the linear body mea-
surements, S; is the fixed effect of district i (i=1, 2, 3),
D; is the effect of the jth sex (j=1, 2), and e is the re-
sidual error. Interaction effect of the ith district with the
jth sex was not statistically significant and was dropped
out from the final model. Discriminant analysis model
used to derive classification function for the female and
male sample populations is shown below:

+ W,SC + W,SPL + W,'BW,

where subscript ‘i’ denotes the respective group, C; is a
constant for the ;jth group, w; is the weight of the corre-
sponding variable in the computation of the classification
score for the ith group, S; is the resultant classification
score, WST is wing span at the top, WSU is wing span
under, BL is body length, CC is chest circumference, SL
is shank length, SC is shank circumference, SPL is spur
length, and BW is body weight.

Flock performance data were also subjected to analysis-of-
variance (ANOVA) procedure to identify sources of vari-
ance for reproductive and productive traits in hens and
cocks (SPSS 20.0, 2011).

Results and discussion

Univariate analyses

Quantitative variation
All quantitative variables except spur length (which was
mainly absent in female) were highly significantly (P <
0.0001) affected by sex of the animal (Table 2) and the
ANOVA on quantitative variables was performed sepa-
rately for the two sexes.

Table 2. Least-square means+SE of quantitative body
measurements (cm) for all districts by sex.

Dependant variable Male (V=69) Female (N=244) Sex

Wing span top 46.46+0.36 39.57+0.19 P<0.0001
Wing span under 48.59+0.37 41.37+0.20 P<0.0001
Body length 42.40+0.31 37.65+£0.17 P<0.0001
Chest circumference 28.72+0.30 25.64+0.16 P<0.0001
Shank length 10.59+£0.12 8.36+0.06 P<0.0001
Shank circumference 4.25+0.06 3.35+0.03 P<0.0001
Spur length 1.75+0.13 1.00+0.41 P<0.0879
Body weight (kg) 1.93+£0.05 1.36+£0.02 P<0.0001

Quantitative variation in male sample populations
Phenotypic variation of all quantitative traits in males ex-
cluding spur length was highly significantly affected by
district (Table 3). The highest coefficient of determination
(R?) was calculated for body weight showing that only 40
percent of the variability for this trait is explained by the
model. The smallest (18 percent) coefficient of determin-
ation for shank circumference indicates that 82 percent
of the variability in this trait is accounted for by other vari-
ables. Coefficient of variation ranged from 6.38 to 52.37
percent showing high heterogeneity in male sample
populations.

Pairwise comparisons of the means of variables between
districts (Table 3) revealed that male sample populations
from Wombera had the largest measurement values for
all variables followed by chicken populations from
Dibate. This indicates that the chicken populations
sampled from the highland and mid-altitude areas were
larger in their body weights and linear measurements
than those sampled from the lowlands.

The importance of shank length in estimating live body
weight was explained by (Dessie, 2003) who found posi-
tive phenotypic correlations (7, =0.64-0.79) between the
two traits. Shank length of males from Wombera (11.58
cm) was higher than cocks from Horro (11.32 cm) and
Jarso (9.9 cm) (Aklilu et al., 2014); 9.8 cm from Fogera
(Kibret, 2008); 10.31 cm from Northwestern Ethiopia
(Hassen, 2007). The average live body weight for cocks
at Wombera (2.29 kg) was higher than the reported values
for Horro (1.63 kg) and Jarso (1.45 kg) by Desta et al.
(2013) from Western and Eastern Ethiopia; from the cen-
tral highlands (1.5 kg) by Yami and Dessie (1997); from
Ambhara Region of Ethiopia (2.05 kg) by Hassen (2007).
The body weight of sampled chickens from Dibate (1.83 kg)
was also higher than reported weight of 1.62 kg by
Dana et al. (2010) and 1.43kg by (Melesse and
Negesse, 2011).

Quantitative variation in female sample populations

Similar to the male sample populations, the ANOVA
showed that district had highly significant (P < 0.0001) ef-
fect on the total variation of all quantitative traits except
shank length (P<0.01) for female sample populations
(Table 4). R* values ranged from 18 percent for spur length
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Table 3. Means of linear body measurements (cm), body weight (kg) and associated R values for the male sample population by district.

Dependent variable Mean value Dibate Wombera Guba R CvV

Wing span top 46.43 45.92° 49.08" 44.00° 0.29 7.23
Wing span under 48.57 47.63° 51.71° 46.05° 0.35 6.80
Body length 42.62 41.75° 45.42° 40.30° 0.39 6.38
Chest circumference 28.94 26.52¢ 31.00% 26.52°¢ 0.39 7.99
Shank length 10.67 9.96° 11.58° 9.96° 0.31 9.92
Shank circumference 426 4.17° 4.58° 3.98° 0.18 12.82
Spur length 1.76 1.36 2.10 1.71 0.20 52.37
Body weight (kg) 1.93 1.83° 2.29° 1.57° 0.40 21.07

2PMeans with different superscripts within the same row are significantly (P <0.05) different.

to 98 percent for body weight. Only 2 percent of the vari-
ability in body weight is accounted for by other variables
and the model accounts for 98 percent of the variability for
this trait. Small R* value for spur length indicates that the
model fits the data poorly. Coefficient of variation ranged
from 4.59 percent for body length to 21.4 percent for spur
length showing larger variability in the latter trait.

Pairwise comparisons between districts showed significant
(P < 0.05) differences for all quantitative traits. Like male
sample populations, female sample populations from
Wombera highlands had the largest measurement. Shank
length for the hens from the three districts (8 cm for
Dibate, 8.68 cm for Wombera and 8.09 cm for Guba)
were comparable with reported values for Horro (9.22
cm) and Jarso (8.51 cm) (Aklilu ef al., 2014) but slightly
higher than that of 7.25 cm reported by Kibret (2008).
The average live weight of local adult hens in Dibate
and Wombera were 1.36 and 1.55kg, respectively,
which was higher than reported values for 1.24 kg for
Horro and 1.16 kg for Jarso (Desta et al., 2013); 1.04 kg
for central highlands of Ethiopia (Yami and Dessie,
1997); and 0.85kg for Amhara region of Ethiopia
(Hassen, 2007). Higher live body weights for hens were
reported from Uganda (1.4 kg) (Ssewannyana et al.,
2008) and for Punjab brown chickens from India (1.57
kg) (Vij, Tantia and Vijh, 2006). Live body weights are
affected by genetic and environmental factors. The higher
body weights recorded for Wombera chickens could be
linked with better feed resources in the area and genetic
introgression from improved (exotic) chicken breeds,

which were present in a relatively higher number in the
highlands.

Qualitative variation

The y* tests for plumage colour of the neck, ear lobe colour
and skeletal variant of the feet were highly significant com-
pared with those for feather distribution, plumage colour of
body, plumage colour of tail, comb type and shank colour
(Table 5). All the rest were not significant (P> 0.05). The
least association of qualitative variable with district was
observed for spur presence. The highest was for plumage
colour of neck (0.48) using Phi coefficient, for ear lobe
colour (0.41) using Cramer’s V and for plumage colour
of neck (0.43) using Contingency coefficient.

Feather distribution

Normal and crested feathers (Figure 2a—h) were most com-
mon in all the three districts. In Dibate 47 crested chickens
(44.8 percent), in Wombera 46 (43.4 percent) and in Guba
59 (57.8 percent) were sampled. The proportion of crested
feather in this study is larger than the one reported by
Desta et al. (2013) in Horro (27.9 percent) and Jarso
(4.1 percent) districts; Egahi ef al. (2010), who reported
17.05 percent for Nigerian chicken; Ssewannyana et al.,
who reported 12 percent for Ugandan chicken; Dana
et al. (2010), who reported 34 percent for five chicken
populations of Ethiopia; and Negassa, Melesse and
Banerjee (2014) who reported 27.8 for hens sampled
from Southeastern Oromia region of Ethiopia; but slightly

Table 4. Means of linear body measurements (cm), body weight (kg) and associated R? values for the female sample population.

Dependent variable Mean value Dibate Wombera Guba R CvV

Wing span top 39.67 40.0° 40.80° 37.84¢ 0.25 5.18
Wing span under 4141 41.57° 43.02° 39.49°¢ 0.26 5.67
Body length 37.64 37.79° 38.89% 36.25¢ 0.26 4.59
Chest circumference 25.67 26.05° 26.61° 24.26° 0.28 6.26
Shank length 8.43 8.30° 8.68" 8.09° 0.10 7.96
Shank circumference 3.36 3.36° 3.57% 3.13¢ 0.19 11.11
Spur length 1.36 1.37° 1.52% 1.19° 0.18 21.40
Body weight (kg) 1.36 1.36° 1.55% 1.16° 0.98 5.57

3bMeans with different superscripts within the same row are significantly (P <0.05) different.
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Table 5. Chi-square tests and levels of association of districts with the qualitative variables.

Variable P-value Phi coefficient Cramer’s V Contingency coefficient
Feather morphology P=0.073 0.165 0.163 0.117
Feather distribution P<0.002 0.359 0.338 0.254
Plumage pattern of neck P=0.088 0.256 0.248 0.181
Plumage pattern of body P=0.231 0.220 0.215 0.156
Plumage pattern of tail P=0.392 0.201 0.197 0.142
Plumage colour of neck P<0.0001 0.480 0.339 0.432
Plumage colour of body P <0.005 0.383 0.271 0.357
Plumage colour of tail P<0.001 0.422 0.389 0.298
Head shape P=0.030 0.150 0.148 0.150
Comb type P<0.001 0.331 0.314 0.234
Comb size P=0.191 0.144 0.143 0.102
Ear lobe colour P<0.0001 0.443 0.405 0.313
Shank colour P<0.001 0.242 0.235 0.171
Spur presence P<0.570 0.060 0.060 0.060
Eye colour P=0.197 0.225 0.220 0.159
Skeletal variant type P<0.0001 0.314 0.300 0.222

smaller than Hassen (2007) who reported 48.8 percent in
Ambhara region of Northwest Ethiopia.

Plumage colour of neck and body

The village chickens displayed high diversity in plumage
colour of the neck and the body, which varied significantly
at (y* <0.05) across districts (Table 6). Most of the chick-
ens had brown plumage colour on the neck (48.6 percent)
and on the body (18.2 percent). Dana et al. (2010) also
found out brown as the predominant (19 percent) body
plumage colour for five chicken populations of Ethiopia.
Black and dark brown colours were the second prevalent
plumage colours on the body (each 12.1 percent).

@ _ (b)

Comb type

Seven types of comb shapes (single, pea, rose, and straw-
berry, buttercup, duplex and walnut) were observed in the
three districts (Table 7 and Figure 3a—e). The proportion of
the different types was significantly different (5*<0.05).
Pea (41.8 percent), single (36.1 percent) and rose (10.9
percent) combs were the most common comb shapes
across the three districts. This finding is in line with
Dana et al. (2010) and Dong Xuan et al. (2006) who
reported 55 and 90 percent pea combs for Ethiopian and
Vietnamese Dong Tao chickens, respectively. Hassen
(2007) correspondingly reported pea comb as the common
variant in Northwestern Ethiopian chickens, while Moges,

© _©

Figure 2. Feather distribution: (a) normal, (b) crested, (c) feathered shank and feet, (d) naked neck and frizzle, (e) frizzle, (f) naked neck, (g) naked neck and

crested, (h) muffs and beard.
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Table 6. Variation of plumage colour of body in sample chicken

populations.
Plumage colour Dibate Wombera Guba Overall
N (%) N (%) N (%) N (%)
White 13* (124)  2°(1.9) 170 (16.7) 32 (10.2)
Black 10* (12.4) 16 (15.1) 9% (8.8)  38(12.1)
Red 3% (2.9) 12°(11.3)  7®6.9)  22(7.0)
Wheaten 11°(10.5)  8%(7.5) 6*(5.9)  25(8.0)
Brown 16°(152) 25%(23.6) 16*(15.7) 57 (18.2)
Light brown 117 (10.5) 4% (3.9) 6*(5.9)  21(6.7)
White and black 9% (8.6) 4* (3.8) 11°(10.8) 24 (7.7)
Grey 3% (2.9) 1% (0.9) 3% (2.9) 72.2)
Golden 82 (7.6)  18°(17.0) 6*(5.9)  32(10.2)
Silver 4™ (3.8) 1° (0.9) 72 (6.9) 12 (3.8)
Dark brown 132 (12.4)  13*(12.3) 122 (11.8) 38(12.1)
White and red 17 (1.0) 2% (1.9) 12 (1.0) 4(1.3)
White and brown 0 (0.0) 0% (0.0) 1* (1.0) 1(0.3)

2Py dicated values among traits significantly differ at x* <0.05.

Melesse and Dessie (2010) found a similar result in Bure
district of Amhara region in Ethiopia.

Earlobe colour

We observed six types of earlobe colours and chickens
with white and red earlobe had the highest proportion
(46.3 percent) across the three districts. Red (24.9 percent)
and white (20.4 percent) earlobes were also more frequent.
This result disagrees with Desta ef al. (2013) who stated
(40.7 percent) and (31.7 percent) of Horro and Jarso chick-
en populations from Ethiopia; and Orheruata, Adegite and
Okpeku (2006) who found (60 percent) of chicken popula-
tions from Edo State in Nigeria had red as their most dom-
inant earlobe colour.

Shank colour

Three shank colour variants were observed in the study
area. Slate blue/black was the commonest colour in
Dibate (36.2 percent) and Guba (48 percent) districts and
even from the overall population (39.3 percent) followed
by white shank (31.6 percent). Slate blue was also the
most prevalent phenotype among Beninese chickens
(43.3 percent, Youssao et al., 2010). Unlike our study
populations, however, yellow was reported as the predom-
inant shank colour by Hassen (2007, 64.4 percent), Dana
et al. (2010, 60 percent), Melesse and Negesse (2011,

Table 7. Variation of comb type in sample chicken populations.

Comb type Dibate Wombera Guba Overall
N (%) N (%) N (%) N (%)
Single 38" (38.0) 40° (39.2) 28 (30.4) 106 (36.1)
Pea 35%(35.0)  40™(39.2)  48°(52.2) 123 (41.8)
Rose 17 (17.0) 13 (12.7) 2°(2.2) 32 (10.9)
Strawberry 0% (0.0) 0% (0.0) 2% (2.2) 2(0.7)
Buttercup 5% (5.0) 1% (1.0) 0° (0.0) 6 (2.0)
Duplex 5% (5.0) 7 (6.9) 12° (13.1) 24 (8.2)
Walnut 0% (0.0) 1* (1.0) 0% (0.0) 1(0.3)

aPab[ydicated values among traits significantly differ at x* <0.05.

52.5 percent) and Negassa, Melesse and Banerjee (2014,
80 percent of cocks) from different parts of Ethiopia.

Skeletal variants of the foot

Most of the sample populations (94.6 percent) had the
wild-type foot skeleton. The frequency of chickens with
extra toes was higher in Dibate (6.7 percent).

Multivariate analyses

Stepwise discriminant analysis

Eight quantitative variables for both sexes were separately
subjected to the STEPDISC procedure of SAS (2003).
Five variables for males and three variables for females
were identified as the best discriminating variables on step-
wise selection summary. Wilk’s lambda test confirmed that
all the selected variables had highly significant (P<
0.0001) contribution to discriminate the total population
into separate groups. The variables with the highest dis-
criminating power for males were chest circumference,
shank length, wing span under, spur length and body
length (Table 8a). Body weight, body length and wing
span under were the three variables with superior discrim-
inating power for female sample populations (Table 8b).
The remaining five variables had poor discriminating
power and were removed.

Discriminant analysis

The correct classification for male sample population into
their district ranged from 88.89 to 100 percent (Table 9a).
The overall average error count estimate was 6.27 percent
for all observations and 93.73 percent of the samples were
correctly classified indicating the homogeneity of chicken
populations within districts for those variables included in
the discriminant analysis. Even higher correct classifica-
tion percentages were calculated for female sample popu-
lations than males (Table 9b). All individuals were
correctly classified within district for Dibate and Guba dis-
tricts while 95 percent were correctly classified for
Wombera. The overall correct classification percentage
for female sample populations was 98.41.

Canonical discriminant analysis

The pairwise squared Mahalanobis distances between dis-
tricts for male sample populations were highly significant
(P<0.0001) indicating that population from each district
has distinct and measurable group difference for consid-
ered quantitative variables. The shortest distance was mea-
sured between Dibate and Wombera, while the longest
distance (12.94) was between Wombera and Guba districts
on those quantitative variables.

The univariate statistics testing the hypothesis that class
means are equal shows that each quantitative variable in
male sample populations except spur length is a highly sig-
nificant (P < 0.0001) contributor to the total variation. The
multivariate statistics for differences between the districts
was also significant (P < 0.0001) (Table 10). Wilks’
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Figure 3. Comb types: (a) single, (b) pea, (c) duplex, (d) rose, (e) walnut.

Table 8. Stepwise selection summary indicating most discriminating variables for male and female sample populations.

Step Entered  Partial  F value Pr>F Wilk’s Pr< Average squared ASCC
R? Lambda lambda canonical correction

(a) Male sample population
1 CC 0.60 35.77 P<0.0001 0.40 P<0.0001 0.30 P<0.0001
2 SL 0.39 15.17 P<0.0001 0.24 P<0.0001 0.49 P<0.0001
3 WSuU 0.15 418 P=0.0215 0.21 P<0.0001 0.52 P<0.0001
4 SL 0.09 212 P=0.1315 0.19 P<0.0001 0.53 P<0.0001
5 BL 0.09 221 P=0.1216 0.17 P<0.0001 0.54 P<0.0001

(b) Female sample population
1 BW 0.98 3226.40 P<0.0001 0.02 P<0.0001 0.49 P<0.0001
2 BL 0.20 1523 P<0.0001 0.01 P<0.0001 0.59 P<0.0001
3 WSuU 0.06 4.06 P=0.0197 0.01 P<0.0001 0.61 P<0.0001

Note: CC, chest circumference; SL, shank length; WSU, wing span under; SL, spur length; BL, body length; BW, body weight.

Table 9. Number of observations and percent classified (in bracket) in different districts using discriminant analysis.

From district Dibati Wombera Guba Total

(a) Male sample population
Dibate 12 (92.31) 1 (7.69) 0 (0.00) 13 (100.00)
Wombera 0 (0.00) 20 (100.00) 0 (0.00) 20 (100.00)
Guba 1 (5.56) 1 (5.55) 16 (88.89) 18 (100.00)

(b) Female sample population
Dibate 41 (100.00) 0 (0.00) 0 (0.00) 41 (100.00)
Wombera 1(2.38) 40 (95.24) 1(2.38) 42 (100.00)
Guba 0 (0.00) 0 (0.00) 40 (100.00) 100 (100.00)

lambda, the ratio of within-group variability to total vari-
ability on the discriminator variables, is an inverse meas-
ure of the importance of the discriminant functions. The
Wilks’ lambda test for the male sample population was
0.1650. This reflects that most (83.5 percent) of the vari-
ability in the discriminator variables was because of the

Table 10. Multivariate statistics and F approximation.

differences between populations rather than variation with-
in the population.

The canonical discriminant analysis extracted two canon-
ical variates for male sample population, of which the
first canonical variate (can 1) accounted for about 81.82
percent of the total variation (Table 10a). The remaining

Statistic Value F value Num DF Den DF Pr>F
(a) Male sample population Wilks’
Lambda 0.1650 7.49 16 82 P<0.0001
Eigen value Proportion Cum. Ratio F value Num DF Den DF Pr>F
1 2.75 0.8182 0.8182 0.1650 7.49 16 82 P<0.0001
2 0.6124 0.1818 1.0000 0.6200 3.68 7 42 P=0.0035
(b) Female sample population Wilks’
Lambda 0.0123 111.02 16 226 P<0.0001
1 56.6284 0.9936 0.9936 0.013 111.02 16 226 P<0.0001
2 0.3621 0.0064 1.0000 0.734 5.90 7 114 P<0.0001
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Figure 4. Plot of the two canonical variates for male sample populations.

canonical variate accounted for only 18.18 percent of the
total variance. The plot for the first canonical variate for
male sample populations (Figure 4) depicts that can 1 dis-
criminated between the two groups: (1) Guba, and (2)
Dibatie and Wombera. Can2 poorly separated the three
populations.

The pairwise squared Mahalanobis distances for females
were considerably higher than for males. The distances be-
tween districts for female sample populations were highly
significant (P < 0.0001) between Guba and Dibate and be-
tween Guba and Wombera chicken populations. The dis-
tance between Dibate and Wombera was also significant
(P<0.01). The shortest distance was measured between
Guba and Wombera (84.61). The longest was between
Dibate and Guba (335.59) implying female sample popu-
lations from the two districts were much different in quan-
titative features under consideration.

Two canonical variates were also extracted from canonical
discriminant analysis on the female sample populations
similar to the male population. The first canonical variate
(can 1) explained 99.36 percent of the total variation, with
the remaining one accounting for only 0.64 percent of the
total variation (Table 10b). A plot of the first two canonical
variables for the female sample populations (Figure 5)
shows that Canl clearly discriminated the three chicken
populations. Can2 failed to make any discrimination
among the chicken populations of the three districts.

Non-parametric discriminant analysis

The overall hit ratio and the hit ratio for each sampling dis-
trict obtained from non-parametric discriminant classifica-
tion was 100 percent. Similar to the quantitative variables,
the qualitative variables have classified the sample popula-
tions from the three districts into distinct groups.

Flock performance of chicken populations

The means and overall means for flock performance are
presented in Table 11. The age at sexual maturity and mar-
ketable age varied highly significantly across districts (P <
0.001) and were the highest at Wombera. In addition to the
cold temperature with possible negative effect on growth
rate (Blahova et al., 2007), the low disease prevalence
and better availability of feed may have allowed the farm-
ers in these highland areas to sell their chickens at a later
age. The mean number of eggs produced by a hen per
year was the lowest (P <0.001) for Wombera (34.1) and
the highest for Dibate (60.9). This may be attributed to
the high emphasis farmers put on incubation in the high-
land areas resulting in significant increase of broody
cycle days. Eltayeb, Wani and Yousif (2010) also observed
on native Sudanese chicken that broodiness significantly
affected feed intake and egg production. Analysis on hen
performance history as recalled by farmers revealed that
mean number of chicks hatched/set eggs (11.4), number
of chicks weaned (6.5) and egg number laid/bird/year
(50.1) were higher than the findings of Dessie (2003)
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Figure 5. Plot of the two canonical variates for female sample populations.
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Table 11. Flock performance of indigenous chicken populations in sample households (mean + SE).

Reproductive parameter District Significance Overall mean
Dibate (N=24) Wombera (N=23) Guba (N=28)
Age at sexual maturity of males (month) 3.94°+0.23 5.6*+0.28 45°+0.23 ok 4.6+0.16
Age at sexual maturity of females (month) 4.4°+0.25 5.9+0.34 4.0°+0.24 woHk 4.7+0.18
Age at start of laying (month) 4.8°+0.30 6.6"+0.31 5.0°+0.27 ok 5.5+0.19
Inter-clutch interval (week) 3.0£0.22 4.1+0.44 3.4+0.77 NS 3.5+0.35
Marketable age of males (month) 5.1°+£0.39 7.6°+£0.41 6.1°+0.34 ook 6.2+0.24
Marketable age of females (month) 5.5°+0.41 7.0°£0.40 6.1°£6.21 * 6.2+0.26
No. of chicks hatched/set eggs 12.1+0.49 11.35+£0.58 10.9+0.43 NS 11.4+0.29
No. of chicks weaned 7.4°+0.38 5.8°+0.41 6.2°+0.28 * 6.5+0.21
No. of eggs laid/clutch 10.96%+0.61 13.19%+0.43 10.92°+0.45 *ok 11.6+0.31
Mean egg no./bird/year 60.9*+1.31 34.1°+1.82 56.8%+2.78 wHk 50.1+£1.94

3PMeans within a row followed by different superscripts show the presence of significant difference: significant level * =P <0.05, ¥*=P<(.01, *** =

P<0.001, NS, non-significant.

who reported 9.3, 4.8 and 46.4 for the three reproductive
parameters respectively as an average performance of
five Ethiopian chicken ecotypes. The average number of
eggs/clutch of local hens in the study population (11.6)
was comparable with the 12 eggs produced in Burkina
Faso (Kondombo, 2005) but higher than that of 10 eggs/
clutch reported by Mourad and Gbanamou (1997) in
Guinea and 9 eggs/clutch by Kuit, Traore and Wilson
(1986) in Mali. Hassen (2007) reported an average prod-
uctivity of 9-19 eggs/clutch with an average total egg pro-
duction ranging from 18 to 57 eggs/year per hen for local
hens in Northwest Ethiopia.

Conclusion

Univariate and multivariate analyses revealed that the
chicken populations in the three districts of Metekel zone
are significantly different in terms of qualitative and quan-
titative morphological traits and flock performance. Higher
between populations and lower within population variation
were observed. Chicken populations sampled from the
highland and mid-altitude areas had larger linear and
body weight measurements compared with those from
the lowlands. In the absence of comparison of animals
from the different districts raised in the same environmen-
tal conditions, however, it cannot be concluded that pheno-
typic differences have a genetic basis. All chicken
populations in the study area were extensively managed
and their on-farm reproductive and productive perfor-
mances generally low, implying the need for interventions
in management and genetics.
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Summary

A survey to document the behaviour characteristics and mortality pattern of indigenous chicken of Kerala and a field egg recording
study to record egg production characteristics of these birds were conducted. Flight distance and height was 13.29 and 3.97 m, respect-
ively. The territory radius of cocks was 121.15 m. The chick survivability at 4 weeks of age was 64.98 percent. The day-old and 8™
week body weights were 28.83 and 347.24 g, respectively. The 20™ and 40™ week body weight of males were 1,428.42 and
1,936.67 g and that of females were 1,114.04 and 1,445.63 g, respectively. The mortality up to 72 weeks was 69.38 percent and
major cause of mortality during chick, grower and layer stage were mongoose (44.63 percent), wolf (24.29 percent) and diseases
(52.18 percent) respectively. The fertility was 71.22 percent and hatchability on total and fertile egg set were 62.26 and 87.42 percent,
respectively. There were 2.13 clutches in a laying cycle with inter-clutch intervals of 1.11 days. The average clutch size and number of
eggs per cycle were 7.27 and 14.32, respectively. The egg number up to 72 weeks on hen-day and hen-housed basis was 116.81 and
85.84, respectively and the eggs were laid in 7.7 cycles. The age at first egg and average age at sexual maturity were 155 and 199.26
days, respectively. The egg weight at 28, 40 and 72 weeks of age was 37.80, 40.74 and 43.31 g, respectively, and egg mass per bird was
4,659.04 g. The broodiness and incubation pause were 26.03 and 121.75 days, respectively.

Keywords: behaviour, broodiness, egg production, mortality, native chicken

Résumé

Une enquéte pour connaitre les caractéristiques du comportement et le patron de mortalité des poules indigénes du Kerala et une étude
sur le terrain pour contréler la production d’ceufs de ces volailles ont ét¢ menées. La distance et la hauteur de vol ont été, respective-
ment, de 13,29 et 3,97 m. Le rayon du territoire des cogs a été de 121,15 m. La survie des poussins a quatre semaines de vie a été de
64,98 pour cent. Le poids corporel a été de 28,83 g a 1’éclosion et de 347,24 g a la huitiéme semaine de vie. Aux vingtiéme et
quarantiéme semaines, le poids corporel des males a été de 1428,42 et 1936,67 g, respectivement, et celui des femelles de 1114,04
et 1445,63 g, respectivement. Jusqu’a la soixante-douzieme semaine, la mortalité¢ a été de 69,38 pour cent, la principale cause de
mortalité étant la mangouste (44,63 pour cent), le loup (24,29 pour cent) et les maladies (52,18 pour cent) aux stades de poussin, crois-
sance et ponte, respectivement. La fertilité s’est élevée a 71,22 pour cent et le taux d’éclosion a été de 62,26 pour cent sur le nombre
total d’ceufs et de 87,42 pour cent sur le nombre d’ceufs féconds. Il y a eu 2,13 couvées par cycle de ponte avec des intervalles entre
couvées de 1,11 jours. En moyenne, la taille des couvées et le nombre d’ceufs par cycle ont été de 7,27 et 14,32, respectivement.
Jusqu’a la soixante-douziéme semaine, le nombre d’ceufs a été de 116,81 par jour de poule élevée et de 85,84 par poule logée, les
ceufs ayant été pondus en 7,7 cycles. L’age au premier ceuf et 1’4ge moyen a la maturité sexuelle ont été de 155 et 199,26 jours, respec-
tivement. Le poids de I’ceuf aux semaines 28, 40 et 72 d’age a été de 37,80, 40,74 et 43,31 g, respectivement, et la masse d’ceuf par
poule s’est élevée a 4659,04 g. Le comportement de couvaison et la pause pour I’incubation ont duré 26,03 et 121,75 jours,
respectivement.

Mots-clés: comportement, couvaison, production d’ceufs, mortalité, poules indigenes

Resumen

Se llevaron a cabo una encuesta para conocer las caracteristicas del comportamiento y el patréon de mortalidad de las gallinas autoctonas
de Kerala y un estudio de campo para determinar la produccion de huevos de estas aves. La distancia y la altura de vuelo fueron, respec-
tivamente, de 13,29 y 3,97 m. El radio del territorio de los gallos fue de 121,15 m. La supervivencia de los pollitos a las cuatro semanas
de edad fue de 64,98 por ciento. El peso corporal fue de 28,83 g el primer dia de vida y de 347,24 g en la octava semana de vida. En la
vigésima y cuadragésima semana, el peso corporal de los machos fue de 1428,42 g y de 1936,67 g, respectivamente, y el de las hem-
bras de 1114,04 gy 1445,63 g, respectivamente. Hasta la semana 72, la mortalidad fue de 69,38 por ciento, siendo la principal causa de
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muerte durante las fases de pollito, crecimiento y puesta la mangosta (44,63 por ciento), el lobo (24,29 por ciento) y las enfermedades
(52,18 por ciento), respectivamente. La fertilidad ascendié a 71,22 por ciento y la incubabilidad sobre el niimero total de huevos y sobre
el nimero de huevos fértiles fue de 62,26 por ciento y de 87,42 por ciento, respectivamente. Se dieron 2,13 nidadas por ciclo de puesta
con intervalos entre nidadas de 1,11 dias. De media, el tamafio de las nidadas y el nimero de huevos por ciclo ascendieron a 7,27 y
14,32, respectivamente. Hasta la semana 72, el nimero de huevos fue de 116,81 por gallina-dia y de 85,84 por gallina alojada,
habiendo sido los huevos puestos en 7,7 ciclos. La edad al primer huevo y la edad media a la madurez sexual fueron de 155 y
199,26 dias, respectivamente. El peso del huevo a las 28, 40 y 72 semanas de edad fue de 37,80, 40,74 y 43,31 g, respectivamente,
siendo ademas la masa de huevo por ave de 4659,04 g. La cloquera y la pausa para la incubacion duraron 26,03 y 121,75 dias,

respectivamente.

Palabras clave: comportamiento, cloquera, produccion de huevos, mortalidad, gallinas autoctonas
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Introduction

Scavenging chicken production is a profitable enterprise
that contributes to poverty reduction especially among
the resource challenged rural communities in most parts
of the world (Melesse, 2014). In a large numbers of devel-
oping countries in Africa and Asia, indigenous birds con-
stitute up to 80 percent of the standing poultry population
(Pym, 2010). Indigenous chicken are better adapted to
scavenging systems characterized by continuous exposure
to diseases, inadequate quantity and quality of feeding,
poor housing and health care (Rai and Ahlawat, 1995).

The poultry species of importance in India is chicken
(Gallus gallus), which accounts more than 95 percent of
the total poultry and contributes 97.4 percent to the total
eggs produced. Total egg production in India during the
year 2013 was 69.2 billion eggs. Of which, 55.2 million
eggs (79.8 percent) were produced from commercial
farms. Out of 457 million chicken in India in the year
2006, 52 percent was of an indigenous (desi) type.
However, Kerala, one among 29 states of India, has 70
percent desi chicken population (BAHS, 2015). This was
possible only because chicken rearing in Kerala remained
predominantly extensive backyard type unlike its neigh-
bouring states, which switched over to intensive commer-
cial types after 1960.

Our previous study documented the rearing practices of
indigenous chicken of India (Kumar et al., 2013).
According to our observations, village chicken is managed
mostly by womenfolk in Kerala reared under extensive
farming conditions with minimum or no input. The aver-
age flock strength is 5.62. The birds must scavenge for
most of their nutritional needs. Very minimal shelter or
enclosure with virtually no health cover is provided.
Both eggs and meat of indigenous chicken command
two to threefold higher price compared with those from
industrial origin (Kumar et al., 2013). Despite their low
growth rates and egg production, indigenous chicken
are generally better in disease resistance and could
maintain higher level of performance under poor nutrition
and high environmental temperatures compared with

commercial strains under village systems. Egg weight of
the village hen reviewed by Sorensen (FAO, 2010) ranged
between 42.2 and 45.8 g and the number of clutches of the
village hen per year varies from 1 to 5. The data on annual
egg production collected by questionnaire method ranged
between 31.6 and 78 eggs (FAO, 2010). However, there
is dearth of in situ egg recording studies in the literature
revealing information on annual egg production and egg
production pattern of indigenous chicken.

There were few attempts made either to record egg produc-
tion of indigenous chicken of India in intensive system
(Haunshi, Doley and Shakuntala, 2009) or to study the
characteristics other than egg production in extensive sys-
tem (Chatterjee et al., 2007). Altogether, studies targeted
to understand behavioural characteristics, mortality pat-
tern, level and kind of predation, egg production and lay-
ing pattern of indigenous fowls under extensive production
system in India are limited. Therefore, this study was car-
ried out with the aim of recording the behavioural charac-
ters such as distance and height of flight, territory radius
and mothering ability and mortality pattern during differ-
ent stages of growth through survey and laying pattern
and egg number by conducting an egg recording study
in indigenous chicken of Kerala state, India.

Materials and methods

Study area

The study was undertaken in Northern Midlands agro-
climatic zone, one among 13 different agro-ecological
zones of Kerala comprised Kozhikode and Kannur districts
(Figure 1) covering a total area of 5311 km”. This zone
extends from latitudes 11°17' to 12°28'N and from longi-
tude 75°18' to 76°14'E. The region has a humid climate
with an oppressive hot season from March to the end of
May followed by the Southwest Monsoon till the end of
September and Northeast Monsoon from October and
November. The annual average rainfall is 3 352 mm and
more than 80 percent of it occurs during the period of
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Figure 1. Map of Kerala state of India with highlighted study area.

Southwest Monsoon. This zone is a low-altitude region of
Kerala, endowed with humid tropical climate. The popula-
tion density in this region is 1 677 persons km®.

Study population and data collection

The deep pockets of Northern Midlands agro-climatic zone
of Kerala is endowed with pure populations of native
chicken (desi) by virtue of their remoteness. Only desi
chicken with history of non-mixture of exotic germplasm
in the past and also based on the phenotypic characters
of the birds true to the native chicken were subjected to
the study. Villages close to town and urban areas were
not sampled as they tend to be influenced by urban farm-
ing. The system of management of village chicken rearing
in the study area is extensive free range type with (98.4
percent) or without (1.6 percent) the provision for night
shelter (Kumar et al, 2013). A survey and a field egg
recording were conducted in this study. A structured ques-
tionnaire is used in survey; whereas, a separate datasheet
was used for field egg-recording study. The survey was
conducted in 64 indigenous chicken farming families iden-
tified by two-stage cluster sampling. A structured question-
naire was designed to collect data on height and distance of
flight, radius of territory, mothering ability and age at sex-
ual maturity (ASM). The questionnaire was prepared by
Centre for Advanced Studies in Poultry Science, Kerala
Agricultural University. Before the commencement of
the survey, the questionnaires were pretested using sample
farmers and appropriate adjustments were made on specific

Characteristics and mortality pattern of indigenous chicken

contents. The interviews were conducted at farmers’
houses with the assistance of local veterinary surgeons
and ward member of local governing body.

Survey study

The survey study was conducted from 64 households of
two districts of Northern Kerala, namely, Kozhikode (43)
and Kannur (21). The information on flight height and dis-
tance and territory radius were retrieved from the house-
holds. A total of 52 farmers (33 from Kozhikode and 19
from Kannur districts), could provide this information.
These data are of subjective type collected from farmers’
knowledge. The farmers were asked to show an end
point the birds might travel upon excitement. The distance
was measured to flight distance. The households were also
asked to show the highest places like tree branches and
roof tops normally their birds climb in a single takeoff
and the height was measured to record flight height.
They were asked to show the farthest place their birds
travel from coop and distance was measured to record
territory radius.

The parameters such as length of broodiness, age at first
egg (AFE) in days, clutch size, number of clutches per
cycle and egg number per cycle were collected only
from those farmers who can provide correct data in this
respect on individual birds they reared in the recent past
or during the time of survey. The earliest age of laying
among all birds was expressed as AFE in the flock and
the average value was expressed as average ASM. The
number of observations varied from trait to trait and is
given along with the mean value in Table 1.

The ability of broody hen in saving its hatchlings up to 4th
week of age was considered as the mothering ability. The
mortality details from day-old to 72 weeks were retrieved
only from the farmers who can provide complete data
about the hatches in the recent past. The data were then
assembled to calculate mortality pattern at chick (up to
8 weeks), grower (9-20 weeks) and layer (21-72 weeks)
stages. Egg shell colour and sex-pooled body weight at
day-old and 8™ week of age and sex-separate body
weights at 20th and 40th weeks of age were also recorded
during survey. The unhatched eggs from 21 natural set-
tings involving 212 total hatching eggs were break-opened
to determine the fertility and hatchability of indigenous
chicken.

Field egg recording study

A 1-year long field egg recording study was conducted to
study the production performance and laying pattern of
indigenous chicken. A total of 54 birds from 17 to 20
weeks of age available in 38 households at the start were
used. The exact age of the birds was determined by ‘recal-
ling method’ of interviewed farmers (women farmers can
easily recall the date of hatch with associating other
co-incidences). Finally, 43 ready-to-lay pullets from 31
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Table 1. Behavioural characters, egg production and egg production-related traits of indigenous chicken studied by the survey method.

Parameters Kozhikode district Kannur district Over all

Flight distance (m) (household basis) (n=52) 12.85+1.26 (33) 14.05+0.83 (19) 13.29+0.85
Flight height (m) (household basis) (n=52) 3.58*+0.14 (33) 4.74*£0.23 (19) 3.97+0.14
Territory radius (m) (household basis) (n=52) 139.39*% + 11.46(33) 89.47* £11.20(19) 121.15+8.94
Chick survivability at 4th week of age (individual bird basis) (n=61) 62.91+£4.78 (38) 68.41£5.68 (23) 64.98 £3.66
Length of broodiness (days) (individual bird basis) (n =99) 28.78 £2.36 (55) 27.28 +£3.00 (44) 27.90+2.00
Average age at sexual maturity (ASM) (months) (household basis) (7 =39) 6.39+0.14 (23) 6.53+£0.20 (16) 6.45+0.12
Average ASM (days) (individual bird basis) (n =40) 175.97+6.64 (21) 181.00+5.58 (19) 177.60 +4.81
Clutch size (individual bird basis) (n=102) 7.41£0.55 (64) 7.84+0.64 (38) 7.67+0.44
Number of clutches per cycle (individual bird basis) (n=102) 2.93+£0.38 (64) 3.48+0.51 (38) 3.13+£0.51
Egg number per cycle (individual bird basis) (n =102) 16.02+0.69 (64) 15.15+0.65 (38) 15.50+0.48
Hatchability (%) 60.23+7.97 (24) 79.05+6.27 (20) 68.78 +£5.33

*Means bearing different superscripts within a row differ significantly (P <0.05).

farming households with their hatch date undoubtedly
known with their owners willing to co-operate to this year-
long exercise were subjected for the study. The daily egg
recording was done by the farmers on individual chicken
basis in a datasheet with date of hatch and identification
terminology about the chicken in farmers’ own description
written on it. Weekly follow up was carried out to sustain
the interest of farmers and to gather the data collected by
them. The farmers retained the eggs at 28, 40 and 72
weeks of age to enable the author to record weight during
his weekly visit. The mortality, cause of death and days of
broodiness were also marked. Age at fist egg and average
ASM were calculated from date of hatch and egg produc-
tion record of each bird.

Data analysis

These data were assembled in a Microsoft excel spread-
sheet and the parameters like AFE, average ASM,
hen-housed (HH) (the number of birds at 21% week was
considered as HH) and hen-day (HD) egg production,
length of broodiness, clutch size, length of pause, number
of clutches per cycle and number of eggs per cycle were
arrived at. The mean values between the two districts of
the study were compared using ¢-test. The livability percent
was calculated for the period from 21 to 72 weeks of age.
Linear and curvilinear regression analyses were performed
on HH percent egg production to evaluate the fitness.
Statistical analyses were run with SPSS software package
(Version 12.0 for Windows; SPSS Inc., Chicago, IL).

Results

Behavioural characteristics

Flight distance and height

The results of survey on flight height, flight distance, terri-
tory radius and mothering ability are presented in Table 1.
The overall flight distance reported was 13.29 m with vast
majority of the farmers (80.77 percent) recounted values
ranging between 10 and 15 m. The overall flight height

reported by the farmers is 3.97 m with many farmers
(46.15 percent) opining that the village chicken can fly a
vertical height of 3-4 m in a single takeoff (Figure 2).

Territory radius

The overall territory radius covered by the cocks from their
coops was 121.15 m with many farmers (40.39 percent)
giving values ranging from 51 to 150 m.

Mothering ability

The survival rate of chicks up to 4 weeks of age collected
from 61 natural broodings revealed that 40.98 percent of
the mother hens could save 76—100 percent of their hatchl-
ings to 4 weeks. Overall chick survivability at 4 weeks of
age was 64.98 percent.

Broodiness

The data from 105 hens showed that majority of the indi-
genous hens are habitual brooders (98.1 percent) and very
few were occasional brooders (1.9 percent). The survey
data on 99 birds on length of broodiness revealed a wide
variation among birds ranging from 7 to 65 days with a
mean value of 27.90d. The length of broodiness estimated
directly from egg recording study was 22.38d (Table 2).

Figure 2. Perching behaviour of indigenous chicken.
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Table 2. Egg production and related parameters of indigenous
chicken under daily field egg recording study from 21 to 72
weeks of age.

Parameter n Mean + SE
Age at first egg in the flock (days) 54 155
Average age at sexual maturity (days) 50 199.26 +4.99
Length of broodiness (days) 34 22.384+3.29
Clutch size (days) 34 7.27+0.63
Inter-clutch interval (days) 34 1.11+£0.05
Number of clutches per cycle 34 2.13+0.17
Egg number per cycle 34 14.32+0.53
Cycles per year 28 7.70+0.35
Broodiness pause (days) 34 26.03+£3.08
Incubation pause (days) 27 121.75+5.62
Livability (%) 54 51.85
Hen-day (HD) egg number (21-40 weeks) 54 34.59
HD percent (21-40 weeks) 54 24.71
Hen-housed (HH) egg number 54 33.06+3.53
(2140 weeks)
HH percent (21-40 weeks) 54 23.61
HD egg number (21-72 weeks) 54 116.81
HD percent (21-72 weeks) 54 32.09
HH egg number (21-72 weeks) 54 85.84+10.43
HH percent (21-72 weeks) 54 23.58
Egg weight at 28 weeks 49 37.80+0.97
Egg weight at 40 weeks 41 40.74+0.83
Egg weight at 72 weeks 20 43.31+1.19
Survivor egg number 28 114.87+6.56
Survivor egg percent 28 31.56
Survivor egg mass (21-72 weeks) 28 4 659.04+£200.66

Mortality pattern

Overall mortality

The details on mortality in indigenous chicken collected
from 41 farmers who could provide correct information
on a total of 454 birds. The overall mortality in indigenous
chicken from day-old to 72 weeks was 69.38 percent.
Predation due to mongoose (29.52 percent) and death
due to diseases (26.67 percent) are the major causes of
mortality.

Chick stage

The graphical representation of the results for different
stages is given in Figure 3. Out of 454 chicks at start,
278 from Kozhikode and 176 from Kannur districts, 130
(28.63 percent) died during chick stage. Among this,
only 10 (7.69 percent) were due to disease, while the
rest 120 (92.31 percent) was by predation. Predation due
to mongoose was the most prevalent (44.63 percent), fol-
lowed by shikra (16.15 percent), crow (9.23 percent),
eagle and dog (6.93 percent each), cat (6.15 percent) and
snake (2.31 percent).

Grower stage

During growing stage, the total mortality was 21.6 percent
of 324 birds (188 in Kozhikode and 136 in Kannur dis-
tricts) entered into grower stage. The mortality due to dis-
eases was 20 percent, while the rest 80 percent was due to

Mongoose
16.52%

-

Disease

Wolves
24.29|%

=

Mongoose;
22.86%

—

LN

Eagle
6.92%

Disease
7.69%

Snakes
2.31%

L

_j Cat
i | :

s Dogs______
. 6.92%

Y

(c)

(b)

(a)

|9unuo mojo) - ¢ Sig

Characteristics and mortality pattern of indigenous chicken

Figure 3. Mortality pattern in indigenous chicken: (a) chick stage, (b) grower stage and (c) layer stage.
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predation. The dominant predator of this stage was wolf
(24.29 percent), followed by mongoose (22.86 percent),
cat (15.71 percent), shikra (7.14 percent), eagle (5.71 per-
cent) and dog (4.29 percent).

Adult stage

From 254 birds (133 in Kozhikode and 121 in Kannur districts)
available at the start (21 weeks of age), 115 birds (45.28 per-
cent) died up to 72 weeks of age. The mortality due to disease,
out of total mortality was 52.18 percent and the rest was due
to predation (47.82 percent) by dog (18.26 percent), mon-
goose (16.52 percent) and wolf (13.04 percent). The mortality
during adult stage (21-72 weeks of age) recorded directly from
field egg recording study was 48.15 percent.

Diseases

The important diseases affecting indigenous chicken as
perceived by the farmers are Respiratory Tract Infections
(RTI) (37.21 percent), Ranikhet disease (34.89 percent),
fowl pox (18.60 percent) and ectoparasites (9.3 percent).
Most of the farmers felt that the diseases are common in
summer season (76.47 percent) compared with winter
and rainy seasons (25.53 percent).

Body weight

The early (day-old) and late (8th week of age) juvenile body
weights of unsexed indigenous chicken from the study area
were 28.83+0.31 (n=69) and 347.24+£12.17 g (n=48),
respectively. The pubertal body weight (20th week of age)
of males and females were 1,428.42+85.91 (n=18) and
1,114.04+4501 g (n=34) and the adult body weight
(above 40 weeks of age) for males and females were
1,936.67+96.83 (n=22) and 1,445.63+51.47 (n=29),
respectively.

Egg weight

The mean egg weight recorded from the birds under egg
recording study at 28, 40 and 72 weeks of age was
37.80, 40.74 and 43.31 g, respectively (Table 2). The
overall egg weight and average egg mass per bird recorded
in field egg recording study from 21 to 72 weeks of age
among the survivors was 42.24 and 4,659.04 g, respectively.

Shell colour

The eggs of indigenous chicken (n =196) were dark brown
(2.04 percent) or medium brown (12.24 percent) or light
brown (73.48 percent) or creamy white (12.24 percent)
in colour.

Fertility and hatchability

The break-open study of unhatched eggs revealed fertility
of 71.22 percent and hatchability of 62.26 percent on total
eggs set and 87.42 percent on fertile egg set.

Egg production and related characteristics

The mean values of egg production traits up to 72 weeks
studied by indirect (survey) method from 64 women
households who could provide complete production infor-
mation on 164 hens they reared in the recent past are pre-
sented in Table 1 and that of direct egg recording study are
given in Table 2.

Age at first egg

A vast majority (61.54 percent) of respondents opined that
the AFE in indigenous chicken is between 6 and 7 months
of age with the average ASM of 6.45 months. The AFE of
40 birds retrieved from 29 farmers by recalling method
was 144d with the individual values ranging from 144 to
230d and ASM of 177.60d. Thirdly, the field egg record-
ing study revealed AFE of 155d and ASM of 199.26d
with individual variations ranging from 155 to 244d.

Laying cycle

The survey on clutch pattern retrieved by recalling
memory on 102 hens revealed that number of clutches in
a cycle ranged from one to 16 with most of the birds
(38.24 percent) having three clutches; the mean clutch
number per cycle was 3.13. The clutch size ranged from
one to 25 eggs with majority of the birds (53.92 percent)
having clutch size of five to eight eggs with the mean
clutch size of 7.67 eggs. The egg production in a laying
cycle ranged from four to 30 with a mean value of 15.50
eggs.

The field egg recording study revealed that there were 2.13
clutches in a cycle with inter-clutch intervals of 1.11d. The
average clutch size was 7.27 giving rise to 14.32 eggs per
cycle. There was an average of 7.7 cycles in 1 year produc-
tion period (21-72 weeks of age). The graphical represen-
tation of laying pattern of indigenous chicken is depicted
in Figure 4.

Pause

The broodiness pause documented from egg-recording
experiment was 26.03d and the combined length of natural
incubation and brooding (incubation pause) studied from
27 natural settings was 121.75d.

Egg number

The graphical representation of period-wise HD egg pro-
duction is presented in Table 3 and Figure 5, and the
mean values are provided in Table 2. The mean egg num-
ber up to 40 weeks of age on HD and HH basis in indigen-
ous chicken was 34.59 (24.71 percent) and 33.06 (23.61
percent) and the respective values up to 72 weeks of age
were 116.81 (32.09 percent) and 85.84 (23.58 percent),
respectively. The survivor egg number at 72 weeks of
age was 114.87 (31.56 percent). The period-wise egg num-
ber was highest at fifth period (37—40 weeks of age) both
in terms of HD (12.13 eggs or 43.33 percent) and HH
(10.11 eggs or 36.11 percent) egg production. Although
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Figure 4. Laying pattern of indigenous chicken.

Table 3. Period-wise egg production of indigenous chicken colle

cted from field egg recording study.

Period Duration (weeks) Number of birds Hen-day Hen-housed
HDEP HDEP percent HHEP HHEP percent

1 21-24 54 1.17 4.17 1.17+£0.80 4.17
2 25-28 54 3.33 11.90 333+1.11 11.90
3 29-32 54 9.56 34.13 9.56 +1.66 34.13
4 33-36 51 9.41 33.61 8.89+1.40 31.75
5 37-40 45 12.13 43.33 10.11+1.66 36.11
6 41-44 39 10.31 36.81 7.44+1.55 26.59
7 45-48 39 11.00 39.29 7.94+1.64 28.37
8 49-52 39 11.15 39.84 8.06+1.51 28.77
9 53-56 33 11.36 40.58 6.94+1.75 24.80
10 57-60 33 11.27 40.26 6.78 £1.60 24.21
11 61-64 31 11.32 40.43 6.50+£1.72 23.21
12 65-68 30 11.13 39.75 6.18+£1.63 22.08
13 69-72 27 10.89 38.89 5.45+1.55 19.45

HDEP, hen-day egg production, HHEP, hen-housed egg production.
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Figure 5. Egg production curve in indigenous chicken.

the period-wise HH percent egg production does not observe
linear regression (R* =0.02), a high degree of curvilinear fit-
ness (R> = 0.82) was observed in indigenous chicken.

Discussion

The ability of chicken to fly a horizontal and vertical dis-
tance of around 13 and 4 m respectively is an adaptability
trait of indigenous chicken to evade predation. The

horizontal flight is the effective way of evading aerial pre-
dators; whereas, vertical takeoff helps in escaping from ter-
restrial predators. It is therefore the farmers feel that exotic
breeds or hybrid crosses are not able to move swiftly as
effective as indigenous chicken when situation demands
therefore not suited to this hilly agro-climatic terrain.
The light body with strong wings of indigenous chicken
gives them a greater chance of evading predators by fast
running and flying to a safer place. Flying also assists
the birds to perch on the tree branches to evade predators
while resting. Similar explanation has earlier been offered
by Kumar and Kumar (2007) on local hill fowls of
Uttarakhand.

The cocks in the study area cover an average radius of
121.15 m from their coop. The average land holding per
household in the area is only 29.45 cents or nearly
1,200 m?. It can be deduced from these data that the vil-
lage chicken flocks are open flocks with cock of one
household having overlapping territory on the neighbour-
ing households. This possibly provides justification of
our previous findings (Kumar ef al., 2013) of 58 percent
of households not maintaining cock in their flock also
incubate eggs taking chance of their hens being mated
by cocks from neighbourhood.
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There was 35.02 percent depletion in chicks during first
month of their life. More than 92 percent mortality during
chick stage ascribed to predation as observed in this study
explains the challenging task before the mother hens. A
very poor chick survival rate of 13.43 and 9.73 percent
at the end of 8 weeks has been reported from two districts
of Kenya (Olwande et al., 2010). According to Serensen
(FAO, 2010) indigenous chickens are ideal mothers,
good setters, hatch their own eggs and excellent foragers.

The indigenous chicken exhibits strong broodiness charac-
ter lasting for about 3—4 weeks as assessed by both direct
and indirect methods in this study. Most of the farmers
(92.7 percent) agreed that broodiness that is lacking in
exotic breeds and hybrid crosses is indispensable from vil-
lage chicken farming. In a similar study, Igbal and
Pampori (2008) reported 82 percent hens with 12—15d
and remaining 18 percent with up to 30d broodiness in
indigenous chicken of Kashmir. Most of the indigenous
chicken breeds of Indian subcontinent are reported to be
broody (Vijh et al., 2005) except Nicobari breed of
Nicobar Island, India (Vijh et al., 2006).

During chick stage, the death due to diseases was only
7.69 percent while the rest was due to predators (92.31 per-
cent). Terrestrial predators (61.01 percent) such as mon-
goose, dog, cat and snake dominate aerial predators
(32.3 percent) such as shikra (Accipiter badius and
A. virgatus) (local name — Prappidiyan), crows and eagle
in flock destruction. In the growing stage, the role of ter-
restrial predators remained high (67.15 percent), whereas
that of diseases had a positive shift (20 percent) with
diminishing influence of aerial predators (12.85 percent).
In adult stage, the highest damage was caused by diseases
(52.18 percent) followed by terrestrial predators (47.82
percent). This result was in sharp contrast with the findings
of Vij et al. (2007), who reported almost zero mortality
from Tellichery chicken of this area. However, in Danki
birds of India, Vijh et al. (2005) documented a mortality
rate of around 20-30 percent during first 2 months of
age, similar to the result of present study. In grower
stage, a very closer value of 21 percent mortality was
documented in Baladi chicken in Saudi Arabia (Yousef
and Al-Yousef, 2007). The study revealed that altogether
there is 69.38 percent depletion from day-old to 72
weeks of age in village chicken much higher than that of
intensively reared commercial layers (Farooq et al.,
2012). Biswas et al. (2008) earlier reported that crow,
eagle and mongoose are the main predators of day; while
foxes, jackals and wild cats are the main predators of
night. The village flocks are devastated by predators, espe-
cially during chick stage. This underlines the need for
establishing Government chick nurseries to supply
grownup desi birds as emphasized by the farmers of this
region earlier (Kumar ef al., 2013). The survey revealed
that RTI and Newcastle disease (Local name: Kozhi
vasantha) are the major disease conditions compared
with fowl pox (local name: Aakkurippu) and ectoparasites
(local name: Kozhipaén). Similar to the results of the

present study, preponderance of Newcastle disease
(Olwande et al., 2010; Melesse, 2014) and high discase
occurrence in dry summer seasons (Sonaiya and Swan,
2004) in village chicken have already been established.
The dry and windy nature of summer season that facilitates
the dispersion of infectious agents in the environment in
the form of dust, stress due to low availability of scavenge-
able feed and hot climate could be ascribed for high dis-
ease occurrence in this season.

The body weights at different age were in general, slightly
higher than that of earlier reports (Yakubu, Ogah and
Barde, 2008; Haunshi, Doley and Shakuntala, 2009) but
similar only to that of indigenous chickens of Kenya
(Olwande et al., 2010). The higher body weight observed
in the study could partially be ascribed to the monsoon
season during which the study was undertaken when abun-
dant scavengeable feed resources (SFR) are available.

The range of AFE recorded by both direct and indirect
method falls in line with the earlier report of 153-230d
from Ethiopian indigenous chicken (Reta, 2009). Vij
et al. (2007) reported that the Tellichery breed of chicken
from the area of present study had ASM ranging from 150
to 240 days with a mean value of 180 days which closely
compare with the results of present study. However, a
higher value of 201.6d reported in Indian native chicken
breeds (Vijh et al., 2006) might be ascribed to genetic
and environmental variations between these populations.

The egg weight of indigenous chicken in literature showed
high degree of variation with the present values falling
above that of Ethiopia (Mogesse, 2007), Sudan (Mohammed
et al., 2005) and Nigeria (Yakubu, Ogah and Barde,
2008) but below that of other parts of India (Igbal and
Pampori, 2008) and other countries (Olwande et al.,
2010). The involvement of both genetics and environment
could be attributed to this wide variation. Although not
much information is available in the literature, the egg
mass determined in this study is closer to the value of indi-
genous chicken of Ethiopia with Naked Neck morphology
but higher than that of four other morphologies reported by
Reta (2009) under on-farm conditions. With regard to shell
colour, a closer observation of 77.1 percent brown and
22.9 percent white egg colours were reported from indi-
genous chicken of Kashmir (Igbal and Pampori, 2008).
Mogesse (2007) also reported shell colours of light
brown, cream and white from scavenging indigenous
chicken of West Ethiopia.

The hatchability rate observed in this study falls within the
range of 70-80 percent observed earlier by Vij et al.
(2007) in Tellicherry chicken of same area and closer to
other indigenous breeds of India (Vij et al., 2005; Vijh
et al., 2005) and Turkey (Sekeroglu and Aksimsek,
2009) but higher than the indigenous chicken eggs col-
lected from Ethiopian markets (Reta, 2009). Our earlier
findings of more than 58 percent households not maintain-
ing cock in their flocks (Kumar et al., 2013) could explain
the poor fertility obtained. The hatchability of fertile eggs



was comparable with commercial hatching using incuba-
tors indicating the ability of the indigenous mother hens
in providing optimum incubation conditions to the hatch-
ing eggs as that of modern equipment. Many farmers
believe that thunder and lightning can reduce the hatch-
ability and placing pieces of iron and charcoal under the
hens of natural incubation can subvert this.

The study revealed that the annual egg production of in-
digenous chicken is spread in 7.70 cycles separated by
periods pause spanning 26.03 (direct assessment) to
27.90d (indirect assessment). The average egg production
in a cycle was found to be 14.32 (direct assessment) to
15.50 (indirect assessment). The eggs in a cycle is laid
in 2.13 (direct assessment) to 3.13 (indirect assessment)
clutches and the clutches are separated by an inter-clutch
interval of 1.11d (direct assessment). If the broody hen is
allowed to incubate the eggs the length of pause extends
to 121.75d. This period covers incubation (3 weeks)
brooding (2-3 months) and recuperation periods after
brooding (around 2 weeks). The number of eggs per
cycle in the present study was higher than the previous
reports (FAO, 2009) but comparable with that of Igbal
and Pampori (2008). The population under study recorded
higher number of cycles per year compared with the indi-
genous chickens in other parts of India (Igbal and Pampori,
2008) and other countries (FAO, 2009; Reta, 2009). The
period of broodiness was also found to be shorter than
that of indigenous chicken of Ethiopia (Reta, 2009). The
interventions adopted by the farmers to break broodiness
and expedite the resumption of next cycle are dipping in
water, rattling the nest, introducing new cocks, tethering
the birds in unfamiliar surroundings and by inserting a
quill feather through and through the nostrils. The egg
number at 72 weeks of age was higher in the studied popu-
lation compared with many other indigenous chicken
populations in India (Vij et al, 2005; Vijh et al., 2005)
and abroad (FAO, 2009). The better genetic potential
could be partially ascribed to the practice of selective
breeding largely adopted by the housewives of the region.
Clearly, more studies are required to evaluate the local
germplasm for drawing definite conclusions. The analysis
of egg production in indigenous chicken revealed a shift in
the pattern with delayed peaking compared with breeds
like White Leghorn (Savegnago ef al., 2012).

Conclusions

The present study revealed good egg-laying potential of
indigenous chicken of this agro-climatic zone possibly
due to their genetic merit or environment or both. The vari-
ability (CV) for egg production is very high in the studied
population disclosing the possibility for genetic improve-
ment by selective breeding. Multi-stage selection pro-
gramme with selection for conformation traits like shank
length during growing stage to resist predation and egg
production and broodiness at laying stage can be adopted.

Characteristics and mortality pattern of indigenous chicken

Longer production cycle with short broodiness could be
the selection criteria for improvement in egg number
with retention of broodiness character. The studied zone
should possibly possess a high degree of SFR as is
endowed with diverse fauna and flora with very high
rain fall. However, quantification of SFR needs to be
taken up to ascertain the involvement of nutritional factors,
if any, on high egg production of indigenous chicken of
this region and also to recommend flock strength to this
area. Phenotypic and molecular characterization to assess
genetic diversity for evolving promising indigenous
chicken varieties need to be taken up. Although, improved
hybrids are not the choice of local farmers, they could
hardly resist hybrid chicks when available at free of cost
through Government schemes. The grownup birds of
genetically improved indigenous chicken produced in
state-run nurseries rather than hybrids can be disseminated
to the farmers. This can revitalize the sector and protect
from exotic and improved hybrids making inroads and
associated problems on traditional poultry farming. As
emphasized earlier by Magothe et al. (2012), a holistic
strategy that increases productivity without increasing pro-
duction costs or leading to loss of biodiversity must be
developed. Such a strategy must take into account the vari-
ous uses of the indigenous chicken in a rural household. A
policy decision is the need of the hour to discriminate the
zones which need the supply of hybrids from those in need
of reintroduction of genetically improved indigenous
chicken. Developing zone-specific indigenous germplasm
could be the lasting solution in this direction to prevent
genetic erosion.
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Morphometric, productive and reproductive traits
of indigenous goose of Bangladesh

M.F. Islam, M.M. Mia, M.A. Rahman and N. Bhowmik

Department of Genetics and Animal Breeding, Faculty of Veterinary and Animal Science, Sylhet Agricultural University, Sylhet 3100,
Bangladesh

Summary

The study was aimed to identify, characterize and describe the phenotypic variation of indigenous goose populations in Bangladesh.
The research was conducted at Sylhet Sadar Upazilla in Sylhet district and encompassed about 141 geese (74 brown type and 67 white
type). Least Square Mean + SE of body length, wing span, shank length, beak length and head length of mature indigenous goose were
73.4740.95, 134.53 £1.38, 9.27+£0.09, 8.88+0.10 and 6.42 +0.02 cm, respectively. Males were significantly (p <0.01) higher than
their female counterparts for all morphometric traits but no significant differences (p > 0.05) were found between two types. The body
weight of indigenous goose at day old, 2-week, 1-month, 2-month and 10-month of age were 95.45+0.88, 148.59+1.55, 407.34 +
7.27 gm, 1.19+0.03 kg and 3.65 +0.06 kg, respectively. Males were significantly (» <0.01) heavier than females in all age groups
except day old gosling but no significant difference (p>0.05) were observed for body weights between two types of goose. Egg
weight, egg length, egg width, incubation period, clutch size, number of eggs in a breeding season and age at first egg were
131.85+1.70 gm, 7.40+0.02 cm, 5.22+0.02 cm, 30.30 £ 0.07 days, 7.42+£0.08, 20.52+0.38 and 313.22+3.03 days, respectively.
The number of eggs in a breeding season of brown type were significantly (p <0.05) higher than that of white type goose. This
study provides a bench mark for the morphometric traits and performance of goose in Bangladesh.

Keywords: brown and white types, goose, indigenous, phenotypic characterization

Résumé

Le but de I’étude a été d’identifier, de caractériser et de décrire la variabilité phénotypique des populations d’oies indigénes du
Bangladesh. La recherche a ét¢ menée dans 1'upazila de Sylhet Sadar au sein du district de Sylhet et a compris environ 141 oies (74 du
type marron et 67 du type blanc). La moyenne des moindres carrés + I’erreur-type de la longueur du corps, I’envergure des ailes, la longueur
des tarses, la longueur du bec et la longueur de la téte des oies indigenes mires ont été de 73,47 + 0,95, 134,53 +£1,38,9,27+ 0,09, 8,88 £ 0,10
et 6,42 +0,02 cm, respectivement. Pour tous les caractéres morphométriques, les mesures des males ont été significativement (p <0,01)
supérieures a celles des femelles, alors qu’aucune différence significative (p > 0,05) n’a été décelée entre les deux types. Le poids corporel
des oies indigénes a un jour, deux semaines, un mois, deux mois et dix mois d’age a été de 95,45 £ 0,88 g, 148,59 + 1,55 g,407,34+7,27 g,
1,19 £ 0,03 kg et 3,65 + 0,06 kg, respectivement. Les males ont été significativement (p <0,01) plus lourds que les femelles a tous les ages,
hormis le cas des oisons d’un jour d’age. Pourtant, aucune différence significative (p > 0,05) n’a été observée pour le poids corporel entre les
deux types d’oie. Le poids de 1’ceuf; la longueur de I’ceuf, la largeur de I’ceuf, la durée de I’incubation, la taille de la couvée, le nombre d’ceufs
par saison reproductive et 1’dge au premier ceuf ont ét€ de 131,85+ 1,70 g, 7,40 + 0,02 cm, 5,22 £0,02 cm, 30,30 + 0,07 jours, 7,42 + 0,08,
20,52 £0,38 et 313,22 + 3,03 jours, respectivement. Le nombre d’ceufs par saison reproductive a été significativement (p < 0,05) plus élevé
chez le type marron que chez le type blanc d’oie. Cette étude sert de référence pour les traits morphométriques et la productivité des oies du
Bangladesh.

Mots-clés: indigene, oie, caractérisation phénotypique, types marron et blanc

Resumen

El estudio pretendié identificar, caracterizar y describir la variabilidad fenotipica de las poblaciones de gansos autdctonos de
Bangladesh. La investigacion fue llevada a cabo en la upazila de Sylhet Sadar en el distrito de Sylhet y abarcé alrededor de 141 gansos
(74 del tipo marrén y 67 del tipo blanco). La media por minimos cuadrados + el error estandar de la longitud del cuerpo, la envergadura
de las alas, la longitud de los tarsos, la longitud del pico y la longitud de la cabeza de los gansos autéctonos maduros fueron 73,47 +
0,95, 134,53+1,38, 9,27+0,09, 8,88+0,10 y 6,42+0,02 cm, respectivamente. Para todos los parametros morfométricos, las
medidas de los machos fueron significativamente mayores (p <0,01) que las de las hembras pero no se hallaron diferencias significa-
tivas (p > 0,05) entre los dos tipos. El peso corporal de los gansos autdctonos a un dia, dos semanas, un mes, dos meses y diez meses de
edad fue, respectivamente, de 95,45 + 0,88, 148,59 + 1,55, 407,34 £7,27 g, 1,19+£0,03 kg y 3,65 £0,06 kg. Los machos fueron signif-
icativamente (p <0,01) mas pesados que las hembras a todas las edades, excepto en el caso de los ansarones de un dia de edad, y no se
detectaron diferencias significativas (p > 0,05), para el peso corporal, entre los dos tipos de gansos. El peso del huevo, la longitud del
huevo, la anchura del huevo, el periodo de incubacion, el tamafio de la nidada, el ntimero de huevos en cada estacion reproductiva y la
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edad al primer huevo fueron, respectivamente, de 131,85+1,70 g, 7,40+£0,02 cm, 5,22 +0,02 cm, 30,30+0,07 dias, 7,42 +0,08,
20,52+0,38 y 313,22 +3,03 dias. El nimero de huevos en la estacion reproductiva fue significativamente mayor (p <0,05) en el
tipo marrén que en el tipo blanco de ganso. Este estudio sirve de referencia en materia de rasgos morfométricos y productividad de

los gansos de Bangladesh.

Palabras clave: autdctono, ganso, caracterizacion fenotipica, tipos marron y blanco
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Introduction

Geese belong to the Family Anatidae and the Genus
Anser, they were one of the first animals to be domesti-
cated (Buckland and Guy, 2002). The Egyptian goose
(Alopochen aegyptiacus) was tamed and possibly domesti-
cated in Egypt in the 3rd millennium BC, but no domestic spe-
cimens of this species seem to have survived to modern days
(Boessneck, 1960; MacDonald & Bench, 2000). Kear (1990)
suggests that the disappearance of the Egyptian goose as a
farm bird coincides with the Persian conquest of Egypt in
the sixth century BC. The common domestic goose, nowadays
found across the world, derives from the greylag goose (Anser
anser), and, due to its pink beak, more likely from its eastern
(Anser anser rubirostris) than western (Anser anser anser)
subspecies (Harper, 1972; Crawford, 1984; Kear, 1990). In
general, domestic breeds are much larger than their wild
ancestors, although they have in many cases retained their
ability to fly. There are two main types of domestic geese.
The first are thought to have their origins in Europe, descen-
dants of the wild Greylag goose (4. anser) and the second
are thought to have their origins in Asia, descendants of the
wild Swan goose (Anser cygnoides). Crosses between the
domestic breeds, which have originated from these two spe-
cies of wild geese are fertile and finally, these crosses have
resulted in a number of recognized breeds (Buckland and
Guy, 2002).

Geese can be raised effectively in integrated production
systems especially in the humid tropics. The climate of
Bangladesh is of tropical monsoon-type with a hot and
rainy summer and a dry winter. In Bengali, the geese are
known as “Raj Hash” (Sarker, 2015) due to their large
size in comparison with other breeds of duck. Geese are
usually found in the rural areas of tropical and sub-tropical
countries where they are reared generally by the rural poor.
Indigenous geese of Bangladesh are naturally very endur-
ing, adaptive to rural surroundings. They can survive on
little or no inputs, and adjust to variations in feed accessi-
bility. Geese are among the fastest-growing avian species
commonly raised for meat, large edible eggs and valuable
products such as feather and down (National Research
Council, 1991). Globally the ducks contribute 11 percent
and geese 9 percent of the commercial poultry sector
(Besbes, 2009). Though the contribution of the indigenous
duck and geese is significant in the socio-economic devel-
opment of the people especially of the coastal region of

Bangladesh, research and pragmatic efforts for the preser-
vation and amelioration of this species is at the elementary
stage.

Characterization and inventory of poultry genetic resources
are needed in countries where clearly defined poultry
breeds are yet to be identified; hence properly designed
scientific studies on indigenous duck and geese breeds
need to be prioritized (Tixier-Boichard, Ayalew and
Jianlin, 2008). Bangladesh are becoming seriously vulner-
able due to the increasing rate of genetic loss resulting
from numerous diseases such asaspergillosis, chlamydio-
sis, coccidiosis. Besides, lots of indigenous breeds are,
however, on the margin of extinction because of their
gradual dilution, as driven by market demands and
incompatible apply of new breeding technology (Kd&hler-
Rollefson, Rathore and Mathias, 2009). Inadequate aware-
ness of the adaptive characteristics of indigenous livestock
breeds due to insufficient scientific documentation is one
of the key reasons for such dilution (Hassen et al., 2007;
Kohler-Rollefson, Rathore and Mathias, 2009). There are
many indigenous livestock breeds that still need to be sci-
entifically documented and characterized to make possible
their conservation (Bhatia & Arora, 2005). To conserve
these local breeds and ensure sustainable use of their gen-
etic diversity, it is important to evaluate their phenotypic
characteristics and performance in their home tracts and
under traditional management conditions (Zarate, 1996).
Phenotypic characterization of goose is very important in
the way forward of preventing this valuable germplasm
erosion. .In Bangladesh, most of these goose populations
are non-descriptive types. Limited work has been done
by some investigators on limited geese in specific region
(Chittagong). But regrettably in Bangladesh, no remark-
able effort has yet been taken to characterize goose.
Considering the above facts and circumstances, the present
study was designed to identify, characterize and describe
the phenotypic variation of indigenous goose populations
in Bangladesh.

Materials and methods

The experiment was conducted from February 2013 to
December 2013 at Sylhet Sadar Upazilla in Sylhet district
under the Department of Genetics and Animal Breeding,
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Sylhet Agricultural University, Sylhet. The study area was
selected on the basis of the availability of goose, favour-
able environment, easy communication facility and
research interest of the university. In study area, there
were about 100 households who reared goose. Majority
of the respondents reported mating between that two
type geese. Thus, the data for this research were collected
directly from 40 households reared only pure brown and
white type geese. The number of reared geese in selected
areas varied from household to household. The geese were
reared in free range system at farmer’s home. There were
no differences in feeding and management system of
goose. In the absence of genuine practical and technical
knowledge, geese are generally fed with rice grain according
to traditional practice. The geese with goslings are provided
with extra foods, which are usually kitchen leavings, i.e. rice
leftover and rice bran. The feed supplements are generally
served in earthen pottery, which are rarely cleaned and left
without care. The geese are kept in backyards around the
farmers’ homes, which are often in marshy and damp
areas with little protection. Geese are hardly provided
water, as they obtain this from different natural sources
such as ponds and water bodies. The houses used as night
shelter are commonly made of locally available materials
such as mud and wood/bamboo/corrugated sheet, while
very few of the respondents had the night accommodation
for their geese built with mortar and bricks.

In the study area, farmers do not use artificial incubation
for the hatching of eggs, but depend on the natural way
of hatching by the broody goose. After hatching, the gosl-
ings are allowed to the nearby ponds or any other water
bodies to forage and roam freely with their mothers. A
goose farmer may lose about twenty-five percent of his
young stock during the brooding and the budding periods
due to improper management system.

The morphological characteristics were measured from 42
geese (22 brown and 20 white types). The body weight of
goose was measured with digital balance at day old,
2-week, 1-month, 2-month and 10-month of age. There
were total 59-day old geese (32 brown and 27 white
types) in 20 households. These geese were repeated at dif-
ferent ages for body weight trait. External marks were used
to identify the goose. However, there were missed about

18 geese up to 10-month of age due to diseases and preda-
tors. The geese at different age group are shown in
Figure 1, 2, 3, 4 and 5. The reproductive traits were col-
lected from 40 geese (20 brown and 20 white types).
Body length, wing span, beak length, head length, shank
length and egg size (length and width) were measured
with measuring scale and slide calipers. Egg weight was
measured with digital balance. Incubation period was cal-
culated from the duration of laying of last eggs of a clutch
to the egg hatched. The colour of the body, feather at dif-
ferent regions, beak, skin, shank, eye, eyelid, eggs and
shape of the body, beak and eggs were recorded carefully.
For each goose under study, different record sheets with
full details of each parameter were maintained. The data
generated from this experiment were entered in
Microsoft Excel worksheet, organized and processed for
further analysis. Mean, standard errors (SE) and correla-
tions were estimated with the help of Statistical Analysis
System (SAS, 1998).

Results

Least-squares means with standard errors (LSMean + SE)
of body length, wing span, shank length, beak length
and head length of mature indigenous goose are presented
in Table 1. Males were significantly higher (p<0.01)
compared with their female counterparts in all body meas-
urement parameters. No significant difference was found in
white type and brown type goose.

LSMean+SE of body weight of day old, 2-week,
I-month, 2-month and 10-month (mature weight) old
goose are shown in Table 2. Males were significantly heav-
ier (p<0.01) than females in all age groups except day old
gosling. No significant difference was found in all age
groups in brown and white type goose.

LSMean + SE of egg weight, egg length, egg width, incu-
bation period, clutch size, number of eggs in a breeding
season and age at first egg of indigenous goose are given
in Table 3.

The phenotypic correlation among body length, wing span,
shank length, beak length, head length and body weight of
mature indigenous goose are provided in Table 4. The

Figure 1. Day old gosling (left=brown type and right = white type).
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Figure 3. Gosling at 1 month of age (left=brown type and right = white type).

highest correlation was found between body length and
shank length. The lowest correlation was found between
wing span and head length. All of the correlations were
positive and low to high in magnitude.

The phenotypic correlation among body weights at dif-
ferent ages of indigenous goose are set out in Table 5.

Figure 4. Gosling at 2 month of age (left=brown type and right = white type).

Phenotypic correlations among body weights at different
ages ranged were positive and moderate to high in mag-
nitude. The larger relationships were found between
chronologically adjacent weights. The phenotypic correl-
ation of body weight of day old gosling with the body
weights at subsequent ages ranged from medium to
high positive. The magnitude of this correlation declined
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Figure 5. Goose at 10 month of age (left =brown type and right = white type).

Table 1. LSMean + SE of morphometric characteristics of mature indigenous goose according to sex and colour type.

Factors BDL (cm) WS (cm) SL (cm) BL (cm) HL (cm)
Sex *k ok wok *ok *k
Male 79.08+0.79 140.51+1.66 9.86+0.07 9.44+0.10 6.53+0.02
(19) 19) (19) 19) (19)
Female 68.88+0.72 129.51+£1.52 8.79+0.07 8.42+0.09 6.33+0.02
(23) (23) (23) (23) (23)
Type NS NS NS NS NS
Brown 73.56+0.74 134.15+1.62 9.28+0.07 8.84 +0.09 6.42+0.02
22) (22) 22) (22) (22)
White 74.40+0.77 135.88+£1.56 9.37+0.07 9.02+0.10 6.44+0.02
(20) (20) (20) (20) (20)
Overall 73.47+0.95 134.53+1.38 9.27+0.09 8.88+0.10 6.42+0.02
(42) (42) (42) (42) (42)

NS, not significant; Figures in the parentheses indicate number of observations; BDL, body length; WS, wing span; SL, shank length; BL, beak length;
HL, head length.
** p<0.01.

Table 2. LSMean + SE of body weights of indigenous goose according to sex and colour type.

Factors Body weights at
Day old (gm) 2-week (gm) 1-month (gm) 2-month (kg) 10-month (kg)
Sex NS *k *k *k *k
Male 97.63+1.36 153.54+2.32 453.31+8.31 1.39+0.03 4.11+0.05
@24 (22) (22) (19) (17)
Female 94.04+1.12 145.52+1.83 377.63+6.93 1.05+0.02 3.35+£0.04
35 35) 34) (28) 24)
Type NS NS NS NS NS
Brown 95.25+1.17 149.06 £2.00 414.61+7.62 1.23+0.03 3.77+0.05
32) 30) (29) 24) (22)
White 96.42+1.29 150.00+£2.12 416.34+7.84 1.21+0.03 3.70£0.05
27) (27) 27 (23) (19)
Overall 95.45+0.88 148.59 +1.55 407.34+7.27 1.19+0.03 3.65+0.06
(59) (57 (56) 47) 41

NS, not significant; Figures in the parentheses indicate number of observations.
** p<0.01.
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Table 3. LSMean =+ SE of reproductive characteristics of indigenous goose according to colour type.

Parameters Brown type ‘White type Overall Level of significance

EWT (gm) 128.84+2.33 134.87+2.33 131.85+1.70 NS
(20) (20) (40)

EL (cm) 7.37+0.03 7.43+0.03 7.40+0.02 NS
(20) (20) (40)

EW (cm) 5.20+0.02 5.25+0.02 5.22+0.02 NS
(20) (20) (40)

IP (days) 30.35+0.10 30.29+0.09 30.30+0.07 NS
(20) (20) (40)

CS (no.) 7.50+0.16 7.35+0.14 7.42+0.08 NS
(20) (20) (40)

NEBS 21.65+0.48 19.40+0.48 20.52+0.38 *
(20) (20) (40)

AFE (days) 312.33+4.29 314.17+4.42 313.22+3.03 NS
(18) an 35)

NS, not significant; Figures in the parentheses indicate number of observations; EWT, egg weight; EL, egg length; EW, egg width; IP, incubation period;
CS, clutch size; NEBS, no. of eggs in a breeding season; AFE, age at first egg.

%, p<0.05.

Table 4. Phenotypic correlation among body length, wing span,
shank length, beak length, head length and body weight of
mature indigenous goose.

Parameters BDL WS SL BL HL BW
BDL

WS 0.65

SL 0.86 0.61

BL 0.58 0.37 0.63

HL 0.55 0.26 0.49 0.52

BW 0.64 0.43 0.70 0.69 0.67

BDL, body length; WS, wing span; SL, shank length; BL, beak length;
HL, head length.

Table 5. Phenotypic correlation among body weights at different
ages of indigenous goose.

Table 7. Colour and shape of different body parts of indigenous
goose.

Parameters Brown type White type

Beak colour Black Orange

Eye colour Dark brown Blue

Eyelid colour Black Yellow

Skin colour White White

Head feather colour ~ Brown White

Neck feather colour ~ Brown White

Back feather colour ~ Brown with grey White

Wing feather colour  Brown White

Flight feather colour Brown with grey White

Tail feather colour Brown with grey White

Down feather colour White White

Shank colour Yellow Bright yellow or orange

Egg colour White White

Body shape Long, broad, thick and  Long, broad, thick and
the carriage was the carriage was
slightly upright slightly upright

Beak shape Long, broad and Long, broad and
flattened flattened

Egg shape Oval Oval

Body Day old 2-week 1-month 2-month  10-month
weights at

Day old

2-week 0.76

1-month 0.66 0.83

2-month 0.62 0.70 0.86

10-month 0.42 0.46 0.49 0.55

Table 6. Phenotypic correlation among egg weight, egg length,
egg width and incubation period of indigenous goose.

Parameters EWT EL EW 1P
EWT

EL 0.73

EwW 0.77 0.81

1P 0.05 0.07 0.16

EWT, egg weight; EL, egg length; EW, egg width; IP, incubation period.

with age. The phenotypic correlation of body weight at
2-week of age with the body weights at subsequent
ages ranged from medium to high positive.

The phenotypic correlation among egg weight, egg length,
egg width and incubation period of indigenous goose
are summarized in Table 6. The phenotypic correlation
among egg weight, egg length, egg width and incubation
period ranged from slightly positive to high positive.
Lowest negligible correlation was found between egg
weight and incubation period. Very high phenotypic corre-
lations were observed among: egg length and egg width,
egg weight and egg width, and egg weight and egg length.
The colour and shape of different body parts of the goose
are presented in Table 7.
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Discussion

The body length of goose obtained in this study was lower
than the findings of Madge and Burn (1987) and Dunning
(1992). This may be due to the differences in breed and
agro ecological area of goose rearing. The wing span of
goose obtained in this study was lower than that reported
by Ogilvie and Young (2004) for Graylag and Swan
goose. There are a number of biological factors influencing
wing span which will also influence the feather length, e.g.
sex, age, population, abrasion of the feathers, moult and
differences between years (Pienkowski and Minton,
1973; Visser, 1976). The shank and beak length of
goose obtained in this study was in accordance with the
findings of Madge and Burn (1987) and Carboneras
(1992). However, the beak length of goose obtained in
this study was higher than the value reported by Ogilvie
and Young (2004). The present findings for body weight
of day old gosling of lower than that reported by Wu
(2014). Banerjee (2013) reported that the body weight of
brown feathered goose and white feathered goose ranged
from 2.97 to 4.4 kg, which is more or less similar to the pre-
sent study. But the mature body weight of goose in this study
was lower than the results of Sheikh (2013) who reported
that the weight of mature Embden gander fell around 8-9

kg and the weight usually fell around 8 kg in Embden
goose. The body weight of 3, 6, 9, 12 and 14-week old
white Chinese geese were 1.68, 4.20, 5.74, 6.71 and 7.10

kg and those of Embden geese were 1.59, 3.80, 4.8, 5.80
and 5.95 kg, respectively (Leeson and Summers, 1991).
Buckland and Guy (2002) found that the Chinese goose
was relatively small in body size with mature males aver-
aging 4.5 kg and females 4.0 kg. Diets with low nutrition
supplied to geese in study area are most likely the cause
for lower body weight found in present findings. In poultry,
the weight of the newly hatched depends primarily on the
weight of the egg from which it is hatched, a trait greatly
determined by the genotype of the female; females that lay
larger eggs may possess superior genetic profiles for size,
growth or aggressiveness in competing for feed. Thus their
offspring would receive a similar superior genetic endow-
ment for these traits (Skogland and Seagar, 1952).

The egg weight of goose in this study was in agreement
with the value reported by Mazanowski and Bernacki
(2003) and Hugo (1995) but lower than that reported by
Rosinski (2000); Willin (1995); Sidadolog (1999) and
Leskanich and Noble (1997). Egg weight is influenced by
the total egg production per year, sequence of egg in the
clutch, level of protein in ration, feed and drinking water,
ambient temperature, stable type and disease (Darwati
et al., 2010). Egg weight is also influenced by breed, body
weight and sex (Ensminger, 1992). Individual egg weight
is closely associated with the intake of nutrient such as
methionine (Petersen et al., 1983), protein (Summers and
Leeson, 1985) and linoleic acid (Scragg, Logan and
Geddes, 1987). The egg length and egg width are higher
than the values reported by Upadhyaya and Saikia (2012).

They also found a strong positive and significant relation-
ship existed between egg length and width. Egg size varies
with female age (Desrochers and Mcgrath, 1993), year
(Perrins, 1970), seasonal variations (Coulson, 1963) and
laying order (Murphy, 1994). Petersen, Chima and Horst
(1976) and Kohne and Jones (1975) reported that high tem-
perature and humidity lowers the egg weight and also egg
production in geese.

The incubation period of goose obtained in this study was
in agreement with the observations of Ralph (1969);
Yuwanta (1999); Buckland and Guy (2002); and Melvin
(2008). However, the present finding for the incubation
of the goose is higher than the value that reported by
Madge and Burn (1987). Several factors influence the
length of the incubation period, e.g. breed, gender, age
of eggs, the size of eggs and shell quality (Bell and
Weaver, 2002).Clutch size varies widely both among and
within bird species (Klomp, 1970). Different ecological
factors can potentially determine inter-specific differences
in clutch size in waterfowl (Anseriformes) and other birds
(Rohwer, 1992 and Monaghan and Nager, 1997). The
overall clutch size of goose in this study was similar to
the findings of Lamon and Slocum (1922) for Canadian
and Egyptian geese, but lower than the results of
Upadhyaya and Saikia (2012) for Cotton Pygmy-goose.
The number of eggs in a breeding season was in agreement
with that of Embden goose reported by Wright (2010) while
it was lower than those reported by Mazanowski, Dziadek
and Adamski (2002). Banerjee (2013) reported that the
less egg production in goose might be attributed to the
breed, nutrition and most of all the high-temperature and
humidity prevailing in the region. High temperature and
humidity lowers the egg weight and also egg production in
geese (Petersen, Chima and Horst (1976) and Kohne and
Jones, 1975). The age at first egg of geese assessed in this
study was similar to the values reported by Banerjee
(2013). Lamon and Slocum (1922) found that Canadian
and Egyptian geese did not lie until they were 3 years old.
Buckland and Guy (2002) reported that Huoyan geese
began to lay at approximately 240 days of age.

The positive and significant correlation between body
weight with body length, wing span, shank length and
head length suggests that selection for any of these body
parameters will cause direct improvement in body weight
(Bhowmik, Mia and Rahman, 2014). Many of the pheno-
typic correlations between body measurements were posi-
tive and high, which was also reported by Mancha (2004).
If the positive phenotypic correlations translate into posi-
tive genetic correlations thus, selection for one will
improve the other as a correlated response (Muhiuddin,
1993). Egg weight was positively correlated with egg
length, egg width. Size of the hatching egg of broilers
(and probably other chickens) influences body weight of
chicks up to slaughter (Proudfoot and Hulan, 1981).

The present finding for beak colour of brown type goose
was in agreement with that of brown Chinese goose

43
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reported by Buckland and Guy (2002) and Swan goose
found by Madge and Burn (1987). The beak colour of
white type goose was orange, which supports the results
of Buckland and Guy (2002) for white Chinese goose
and Banerjee (2013) for white feathered goose. Hill
(2010) reported that more than a dozen types of carote-
noids are responsible for the colouration of orange and yel-
low beaks and phacomelanin produced various shades of
brown. Beak colour depends on a combination of the
bird’s hormonal state and diet. Colours are typically bright
as the breeding season approaches and palest after breed-
ing (Howell and Dunn, 2007). The colour of a bird’s
beak results from concentrations of pigments primarily
melanins and carotenoids in the epidermal layers, includ-
ing the rhamphotheca (Ralph, 1969). The eye colour of
white type goose observed in this study was in agreement
with that of a white Asian goose reported by Yuwanta
(1999). The colour of shank, skin, and head, neck, back,
wing, flight, tail and down feather of brown type and
white type was in accordance with the finding of
Banerjee (2013). The feather colour of white type goose
supports the findings of Wright (2010). Gadow (1891) sta-
ted that shank colour became orange or yellow due to the
presence of orange-yellow lipochrome pigment which, in
concentrated form, gave an orange-yellow colour and in
a more diluted form a light-yellow, even to an almost whit-
ish colour. Upadhyaya and Saikia (2012) found that the
Cotton Pygmy-goose eggs were light creamy white or
light ivory white in colour, which partially supports the
present findings. Lamon and Slocum (1922) reported that
goose eggs were whitish in colour but may shade to a
grey or buff tinge.

Conclusion

To conclude, this study provides a bench mark for the mor-
phometric characteristics and performance of goose in
Bangladesh. Consequently, as a genetic resource, it is
imperative for the researchers, entrepreneurs and farmers
should come forward for the conservation of this poultry
species. Detailed information of different genres of geese
needs to be amassed and evaluated to avert their possible
degeneration and to uphold their prospect. Intensive and
elaborate country wide studies should put emphasis on
the genetic characterization of geese.
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Summary

Goats make up the largest group of ruminant livestock in Nigeria and are strategic in bridging animal protein supply gap and improving
the economy of rural households. The hypervariable region 1 (HVR1) of the caprine mitochondrial genome was investigated to better
understand genetic diversity important for improving selection for animal breeding and conservation programs. We sequenced and ana-
lysed the mitochondrial DNA (mtDNA) HVR1 in 291 unrelated indigenous Nigerian goats (West African Dwarf (WAD), Red Sokoto
(RSO) and Sahel (SAH)), randomly sampled from around the country, and compared them with the HVR1 sequences of 336 Indian
goats and 12 other sequences in five different species in the genus Capra (C. falconeri, C. ibex nubiana, C. aegagrus, C. cylindricornis
and C. sibirica). A total of 139 polymorphic sites from 291 individuals were captured in 204 haplotypes. Within and among population
variations were 77.25 and 22.74 percent, respectively. Nigerian goats showed high genetic diversity (0.87) and high FST values, and
separate from Indian goats and other wild species. Haplogroups in WAD separates it from RSO and SAH concomitant with a different
demographic history. Clear genetic structure was found among Nigerian goat breeds with appreciable variation in mtDNA HVR1 re-
gion. This study grouped Nigerian goat breeds into two major groups suggesting two different demographic origins for Northern and
Southern breeds. High genetic admixing denotes different maternal origins and in contrast to evidence from goats from Levant and
Central Asia, where goats were originally domesticated.

Keywords: genetic diversity, goats, hypervariable region, mitochondrial DNA, Nigeria

Résumé

Les caprins constituent le plus grand groupe de ruminants domestiques au Nigéria et jouent un rdle stratégique dans I’approvisionne-
ment en protéines animales et dans I’amélioration de 1’économie des ménages ruraux. Une recherche a été menée a propos de la région
hypervariable 1 (HVR1) du génome mitochondrial caprin dans le but de mieux comprendre ’importance de la diversité génétique pour
améliorer la sélection dans les programmes d’amélioration génétique et de conservation des animaux. La région hypervariable 1 de
I’ADN mitochondrial (HVR1) a été séquencée et analysée chez 291 chévres indigénes du Nigéria, sans rapport entre elles (Naine
d’Afrique Occidentale (NAO), Rouge de Sokoto (RS) et Sahel (S)), échantillonnées de maniére aléatoire a travers le pays et
comparées avec les séquences HVRI1 de 336 chévres indiennes et avec 12 autres séquences de 5 especes différentes du genre
Capra (C. falconeri, C. ibex nubiana, C. aegagrus, C. cylindricornis et C. sibirica). Un total de 139 sites polymorphes de 291 indi-
vidus a été rassemblé en 204 haplotypes. La variation intra- et inter-populationnelle a été de 77,25 pour cent et de 22,74 pour cent,
respectivement. Les caprins nigérians ont montré une grande diversité génétique (0,87) et des valeurs de FST élevées et différentes
de celles des chevres indiennes et de celles des autres espéces sauvages. D’apres les haplogroupes, la chévre NAO serait a séparer
des populations concomitantes de RS et S avec une histoire démographique différente. Une structure génétique claire a été décelée
entre les races caprines du Nigéria, avec une variation substantielle dans la région HVR1 de I’ADN mitochondrial. Cette étude a
regroupé les races caprines nigérianes en deux groupes principaux, ce qui suggere deux origines démographiques différentes pour
les races du Nord et du Sud. Le fort degré de mélange génétique dénote des origines maternelles différentes, contrairement a ce
qui a été observé chez les chévres du Levant et d’Asie Centrale, ou les caprins furent d’abord domestiqués.

Mots-clés: diversité génétique, caprins, région hypervariable, ADN mitochondrial, Nigéria
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Resumen

Las cabras constituyen el mayor grupo de ganado rumiante en Nigeria y desempefian un papel estratégico en el aporte de proteina
animal y en la mejora de la economia de los hogares rurales. Se investigd acerca de la region hipervariable 1 (HVR1) del genoma
mitocondrial caprino con el fin de comprender mejor la importancia de la diversidad genética para mejorar la seleccion en los progra-
mas de mejora y conservacion animal. Se secuencio y se analizo la region hipervariable 1 del ADN mitocondrial (HVR1) en 291 cabras
autéctonas de Nigeria no relacionadas (Enana de Africa Occidental (EAO), Roja de Sokoto (RS) y Sahel (S)), seleccionadas aleator-
iamente a lo largo del pais y comparadas con las secuencias HVR1 de 336 cabras indias y con otras 12 secuencias de 5 especies difer-
entes del género Capra (C. falconeri, C. ibex nubiana, C. aegagrus, C. cylindricornis 'y C. sibirica). Un total de 139 sitios polimoérficos
de 291 individuos se concentraron en 204 haplotipos. La variacion intra- e interpoblacional fue de 77,25 por ciento y de 22,74 por
ciento, respectivamente. Las cabras nigerianas mostraron una elevada diversidad genética (0,87) y unos valores de FST elevados, dis-
tintos de los de las cabras indias y de los de las otras especies salvajes. De acuerdo con los haplogrupos, la cabra EAO se desliga de
poblaciones concomitantes de RS y S con una historia demografica diferente. Se identifico una estructura genética clara entre las razas
caprinas de Nigeria, con una variacion apreciable en la region HVR1 del ADN mitocondrial. Este estudio agrup6 las razas caprinas
nigerianas en dos grupos principales, sugiriendo asi dos origenes demograficos distintos para las razas septentrionales y meridionales.
El alto grado de mezcla genética denota origenes maternos distintos, a diferencia de lo observado en cabras del Levante y Asia Central,

donde se domesticaron originalmente las cabras.

Palabras clave: diversidad genética, cabras, region hipervariable, ADN mitocondrial, Nigeria
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Introduction

The domestic goat, Capra hircus L., also known as “poor
man’s cow” is an important livestock species that contri-
butes to the economy of many developing countries
through the production of meat, milk, fiber, and skin
(MacHugh and Bradley, 2001; Abdul-Aziz, 2010; Rout
et al., 2012). In Nigeria, goats play diverse roles in the
economy, culture and religion of the people, with wide dis-
tribution across all agro-ecological zones of the country
from the coastal South to the Arid North (Okpeku et al.,
2011a, 2011b). Goats are the largest group of ruminant
livestock in Nigeria totalling about 55.8 million
(FAOSTAT, 2013), with various surveys showing that up
to 85 percent of rural households, poor farmers, small busi-
ness owners of both sexes and all age groups raise them
(Bayer, 1986). Nigerian goats are able to tolerate harsh
climates, thrive on poor-quality diets provided by scarce
grazing on marginal lands (Okpeku et al, 2011a,
2011b), and the presence of trypanotolerance in some
breeds (Abdul-Aziz, 2010) are advantages for their pro-
duction and management. Moreover, their small size,
low maintenance requirements and short generation inter-
val (Okpeku et al., 2011b) underscores their importance
for increasing production efficiency in rural agricultural
systems verses other livestock species (Amills et al.,
2009; Rout et al., 2012).

Recent archaeological and molecular biological studies
suggested that goats originated in West Asia. However,
very little is known of the processes leading to their do-
mestication such as the timing of population expansion
and the dynamics of their selection pressures (Nomura
et al., 2013).

The hypervariable region I (HVR1) of mitochondrial DNA
(mtDNA) contains highly informative polymorphic sites

due to its: (1) simple maternal inheritance without recom-
bination, (2) relatively rapid evolution rate; endpoints use-
ful for diversity studies in many organisms and species
(Brown et al., 1986; Bradley et al., 1996; Luikart et al.,
2001; Amills et al., 2009; Zhong et al., 2013; Akis
et al., 2014; Zhao et al., 2014). The mtDNA polymorph-
isms have been largely applied not only to better under-
stand phylogenetic relationships in many animal species,
including cattle (Bradley et al, 1996; Mannen, Nagata
and Tsuji, 2001; Troy et al, 2001; Kim et al, 2010;
Taberlet et al., 2011), chickens (Niu et al., 2002; Liu
et al., 2006), horses (Vila ef al., 2001; Lira et al., 2010)
and goats (Mannen, Nagata and Tsuji, 2001; Sultana,
Mannen and Tsuji, 2003; Chen et al., 2005; Pereira
et al., 2005; Naderi et al., 2007; Okpeku et al., 2011a,
2011b; Zhong et al., 2013; Akis et al, 2014; Zhao
et al., 2014), but also to understand maternal origin and
migration of livestock. Based on the phylogenetic analyses
of caprine mtDNA polymorphisms, at least four mtDNA
lineages (A—D) have been discovered, with the lineage A
group being the most diverse and widely distributed in
comparison with other lineages (Luikart et al, 2001;
Sultana, Mannen and Tsuji, 2003; Chen et al., 2005;
Akis et al., 2014). Luikart et al. (2001) assessed the phylo-
genetic history and matrilineal population structure of 406
domestic goats representing 88 breeds across the world and
identified three highly divergent lineages A—C. More re-
cently, Naderi et al. (2007) analysed 2 430 domestic goat
samples from all over the old world and identified three
additional lineages (A—G).

Although a few studies examining the nuclear microsatel-
litet. DNA of Nigerian goats have been reported
(Adebambo, 2003; Muema et al., 2009; Okpeku et al.,
2011a, 2011b), there is no published report on mtDNA di-
versity in Nigerian goats. Therefore, we have investigated
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Figure 1. Map of Nigeria showing sampled locations.

the HVR1 of the caprine mitochondrial genome in three
major Nigerian goat breeds sequences along with archived
sequences from Africa and Asia available on NCBI to gain
a better understanding of matrilineal origin of Nigerian
goats, gain insight into demographic distribution and
understanding goat domestication and adaptation. This
will be important in facilitating the development of new
approaches to improve selection and mating systems for
animal breeding and conservation programmes.

Materials and methods

Sample collection and DNA isolation

Whole blood was collected from 291 unrelated goats
belonging to three major goat breeds [140 Red Sokoto
(RSO); 53 Sahel (SAH) and 97 West African Dwarf
(WAD)]. Samples were collected from 19 different loca-
tions covering the five agro-ecological zones in the country
(Figure 1). Efforts were made to collect samples from un-
related goats, based on the pedigree information provided
by owners. Blood samples were collected by jugular veni-
puncture and DNA was isolated using ZymoBead
Genomic DNA kit (Zymo Research Corporation, Irvine,
CA, USA) following the manufacturer’s instructions.
Quantification of DNA yield and assessment of quality
were done wusing a Nanodrop; ND-100 UV/Vis
Spectrophotometer ~ (Nanodrop  Technologies, Inc.,
Wilmington, DE, USA).

PCR amplification and DNA sequencing

To amplify the HVRI of goat mtDNA, a pair of primers was
designed using the known goat mtDNA sequence
(AB044304, FAOSTAT, 2013) in the GENETOOL pack-
age and synthesized in an ABI 392 Oligosynthesizer
(Perkin Elmer, Foster City, CA). Primer sequences were
as follows: forward 5-CATCCATATAACGCGGACAT-3’

Mitochondrial DNA HVRI1 diversity in Nigerian goats

and reverse 5'-GTGTGAGCATGGGCTGATTA-3". PCR
amplification was carried out in a 10 pl reaction volume
containing 5 ng of DNA, 10 pM of each primer, 200 pM
of dNTPs, 1x PCR buffer containing 2 mM MgCl,, and
2 U of AmpliTaq Gold (Perkin Elmer, Foster City, CA).
Amplification was performed in a Veriti thermal cycler
(Applied Biosystems, Carlsbad, CA) employing the fol-
lowing conditions: 94 °C for 5 min; 35 cycles at 94 °C
for 30 s, 54 °C for 45 s and 72 °C for 2 min; and final ex-
tension at 72 °C for 5 min. The amplicons were sequenced
using BigDye "~ (Applied Biosystems, Foster City)
Terminator cycle sequencing kit in ABI Prism 3730
DNA Analyser (Applied Biosystems, Foster City) follow-
ing manufacturer’s protocol.

Data analysis

Five hundred and thirty three (503) base pairs from the
mtDNA HVRI region of 291 goats of three Nigerian breeds,
366 sequences from 11 breeds of Indian goats, one breed
each from Kenya, China and Korea and a sequences from
Sheep (Ovis aries) was used as an outgroup (downloaded
from NCBI; accession numbers AY 155674 to AY 156039,
KJ420485, KJ420476, KJ420443, KJ420458, KJ420481,
KJ420480.1 KJ420474, EU126792, AY 853293, KP164694,
KP164705, DQ188864, GQ141240, DQ188851, DQ121618,
KP120664, KP120665, KP120646, KP120646, KP120622,
EF490471 and AJ317864 to AJ31787 respectively), were
aligned using ClustalW software package (Thompson,
Higgins and Gibson, 1994). The MEGA 6.0 (Tamura
etal.,2013) and DNASP software package version 5.10.01
(Librado and Rozas, 2009) were used for formatting the
sequences to make them compatible with the desired soft-
ware. Median joining networks (Bandelt, Forster and Rohl,
1999) were drawn using the Network 3.1.1.1 software
(http:/www.fluxus-engineering.com). Haplotype diversity,
SE, Fu’s Fs statistics (Fu, 1997), mismatch analysis
(Schneider et al., 1999), analysis of molecular variance
(AMOVA), mean number of pairwise differences and popu-
lation pairwise Fgr values were computed using
ARLEQUIN version 2.001 (http:/anthropologie.unige/arle-
quin) (Excoffier, Smouse and Quattiro, 1992). Fgr values
were calculated using 1 000 bootstraps. These Fgr values
were used to reconstruct an NJ/UPGMA tree in comparison
with Indian and wild goat breeds using the MEGA package
version 6.0 (Tamura et al., 2013). DnaSP program, version
5.10.01 (Librado and Rozas, 2009) was used for estimating
haplotype and nucleotide diversity.

Results
mtDNA HVRI variation in Nigerian goats

The sequences from the study have been deposited in
GenBank and published with accession numbers
KM582169-KM582416. Analysis of mitochondrial HVR1
sequences in Nigerian goats revealed 204 different
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Table 1. Genetic diversity parameters for HVRI sequences of the Nigerian goat breeds.

Diversity parameters

Breed NS H Hy K n P Ta Ky SP PIP dN/ds
wd 98 58 0.982 6.203 0.0259 0.0237 0.2708 76 42 34 1.0112
So 140 24 0.465 0.764 0.0070 0.0059 0.0078 23 9 14 1.3220
Sh 53 40 0.985 7.143 0.0204 0.0386 0.0154 56 27 29 0.3989
All sequences 291 7 0.245 0.270 0.0079 0.0158 0.0073 6 0 6 2.6524

NS, number of sequences; H, number of haplotypes; Hy, haplotype diversity; K, average number of nucleotide differences; 7, nucleotide diversity 7,
synonymous nucleotide diversity; z,, non-synonymous nucleotide diversity; .S, number of polymorphic sites; SP, singleton variable sites; PIP, parsimony
informative sites; dV/dS, Tajima ratio of non-synonymous to synonymous nucleotide diversity.

haplotypes. In addition to base substitutions and deletions, a
75 base insertion was observed in one individual belonging
to WAD breed. The number of haplotypes found in each
breed ranged from 24 in RS to 58 in WAD. Haplotype diver-
sity values for the breeds were 0.465, 0.985 and 0.982 for
RSO, SAH and WAD, respectively (Table 1). Transition—
transversion ratios were found to be 1.6:1, 2:1 and 3.5:1 for
RSO, SAH and WAD, respectively, while the total calculated
for the study was 7.1:1. Median joining networks (Figure 2)
were constructed based on the data obtained from transition
and transversion ratios using the Network for phylogeny soft-
ware. The network indicated considerable diversity, with the
central node having the highest haplotype frequency of 105

made up of 3.81 percent SAH goats, 5.71 percent RS and
90.48 percent WAD. Of interest, other nodes in the network
also contained more than one haplotype group.

Genetic diversity and population expansion

For comparison, a neighbour-joining (NJ) tree (Figure 3)
was constructed using MEGA 6.0 (Tamura et al., 2013),
with Nigerian goat sequences, 363 Indian goat sequences
and ten sequences from wild goats. All Nigerian goats
clustered together at the top of the NJ tree and were fol-
lowed by a cluster of Indian domestic goats. The wild
goat types used as an out-group diverged from Indian

M=2

N

9¢=

(o]

Figure 2. Median joining network of goat mtDNA distribution among Nigerian goat breeds with sheep mtDNA as an out group. Circles represent haplotypes and
have a size proportional to frequency. Mutational differences are shown on lines. Colour Legend: Red Sokoto =Red, West African Dwarf (WAD) = Deep Blue,

Sahel = Sky Blue, sheep = Yellow.
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Table 2. Result of AMOVA among Nigerian goat breeds base on
mtDNA HVRI1 sequence.

Source of variation  Variance components  Percentage variation

Among breeds 1.346 22.749
Within breeds 4.573 77.251
Total 5.920

goats as expected. However, clear differences were
observed within the domestic goats of India and the
Nigerian goat populations. In the Nigerian goat popula-
tions, WAD clearly separated from RSO and SAH goats.
Further, genetic analysis based on AMOVA (Table 2)
demonstrated that the largest genetic variation (77.25 per-
cent) in all of these goat breeds is accounted for by
within-group variation, while among-group variation
accounted for approximately a quarter (22.75 percent) of
the total genetic variation. Genetic distances between
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breeds were calculated taking into account the molecular
distances between haplotypes, and the resulting Fgr values
were positively correlated (Figure 3). Mismatch distribu-
tions (Figure 4) showed smooth and predominantly uni-
modal curves but not for WAD (Figure 4, No. 3). This
breed appeared to have had a different demographic his-
tory from the other two studied breeds.

The results of DnaSP analysis indicated that the selected
region (1-620) of the 291 sequences from the three
Nigerian goat breeds have sites excluding sequences with
gaps (35). The number of polymorphic sites, singleton
variable sites and parsimony informative sites for individ-
ual breed sequences are higher than those for the entire
sequences. SAH goat sequences had the highest value of
haplotype diversity and average number of nucleotide dif-
ference (0.982 and 6.203), respectively followed by WAD
goats. WAD had highest haplotype number (58) and nu-
cleotide diversity (0.259) followed by SAH (40 and
0.204), respectively. Synonymous nucleotide diversity is
less than non-synonymous nucleotide diversity in WAD
and RSO goats (Table 1). The ratio of dN/dS was greater
than 1.0 in WAD and RSO goats while less than 1.0 in
SAH goats. The pictures of the three breeds of Nigerian
goats used in this study are presented in Figure 5.

Discussion

The present work is the first substantial diversity study of
Nigerian goats based on mtDNA HVRI1 sequences.
Nigerian goat mtDNA sequences showed some degree of
diversity in the HVR1 region. The total number of haplo-
types generated in this study for Nigerian goats was similar
to the results reported in the literature, which supports a
high degree of diversity in goat populations (Joshi et al.,
2004; Cinarkul and Ertugrul, 2011; Zhong et al., 2013;
Akis et al., 2014; Zhao et al., 2014). In Indian goats,
Joshi et al. (2004) reported 200 haplotypes in 363
sequences from ten populations. Cinarkul and Ertugrul
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Figure 4. Mismatch distributions for mtDNA types of Nigerian goat breeds. (a) Red Sokoto, (b) Sahel, (c) WAD.
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Figure 5. Pictures of the three breeds of Nigerian goats.

(2011) reported 208 haplotypes in Turkish goat popula-
tions. These results also compare well with a recent
study in Chinese goats, which observed a total of 192 hap-
lotypes with 141 wvariable sites with haplotype and

nucleotide diversities based on 481-bp segment of the
mtDNA D-loop region, indicating a relatively high genetic
diversity in Chinese black goats (Zhong et al., 2013).
Median joining network constructed from transition and
transversion data revealed considerable diversity and inter-
relatedness among the different Nigerian goat’s breeds in
the present study. Okpeku et al. (2011a, 2011b) working
with microsatellites reported interrelatedness in Nigerian
goat breeds, which could be attributed to uncontrolled
breeding among different breeds and a subsequent reduc-
tion in heterozygosity. This heterozygote deficiency have
been reported to arise due to population sub-structure
from pooling together different populations resulting in
genetic admixture (Cerda-Flores et al., 2002; Muema
et al., 2009; Rout et al., 2012), overlapping generations,
mixing of populations from different geographical loca-
tions and natural selection favouring heterozygotes or sub-
division accompanied by genetic drift (Agha et al., 2008).
Similar results of high genetic diversity resulting from
average expected heterozygosity (0.671 across loci, 10.7
alleles per locus) in Iranian goats accounting for the
within-breed component (Gst= 5.9 percent) have recently
been reported using microsatellite DNA markers (Vahidi
et al., 2014). In addition, positive and highly significant
Fig values in the Naini, Turki-Ghashghaei, Abadeh and
Markhoz breeds indicate some level of inbreeding in
these populations (Vahidi ef al., 2014). Some studies indi-
cate poor genetic diversity and low differentiation in
Chinese domestic goat breeds (Li et al., 1997; Jia et al.,
1999; Li and Valentini, 2004) in contrast to Nigerian goats.

Our results contrast somewhat with a recent study of
HVRI1 in Anatolian goats using 295 individuals that
observed high genetic diversity values and a weak phylo-
geographical structure (Akis et al., 2014), although it is
consistent with overall findings of (Luikart et al., 2001;
Naderi et al., 2007). Recent re-analysis of a consensus
fragment of 481 bp in the D-loop region from 339 indivi-
duals of indigenous Chinese goat mtDNA showed high di-
versity but poor geographic specificity (Zhao et al., 2014),
although the network and NIJ tree revealed three divergent
maternal haplogroups (A, B1 and B2) in 17 local breeds
captured in 198 different haplotypes. The discrepancies be-
tween published reports can be partially explained to dif-
ferences in methodologies the investigators used in those
aforementioned reports (Liu et al, 2006). The NJ tree
placed Nigerian goats into two distinct breeds or groups;
the Northern (SAH and RSO) and Southern (WAD).
Generally, similar classifications based on microsatellite
markers obtained in earlier studies (Okpeku er al,
2011a, 2011b) support our findings.

Within group variation was far higher and accounted for
77.25 percent of the genetic diversity observed in this
study. High genetic diversity observed within breeds
from mtDNA analysis can be attributed to maternal effect
of multiple ancestors (Naderi et al, 2007; Rout et al.,
2012; Akis et al., 2014). In an analysis involving 2 430
individuals from all over the world, Naderi et al. (2007)



also reported that 77 percent of mtDNA variation is distrib-
uted within breeds. Similarly, in Indian goats, 83 percent
of the total molecular variance was observed in the within-
breed component (Joshi et al., 2004), and more than 75
percent of the variations in Anatolian goats have been
found between haplotypes. The higher within-breed vari-
ation observed has favoured genetic exchange, as goats
are portable food resources that often accompany humans
through migratory movements and trade routes (Azor
et al., 2005; Amills et al., 2009; Liu et al., 2009).

Mismatch distributions (pairwise comparisons) of mtDNA
have also been widely used to explore demography
(Rogers and Harpending, 1992). In the present study, mis-
match analysis was done to evaluate population expansion
among the different breeds, vital for predicting breeds with
more population growth potentials. Populations with a
constant size usually demonstrate ragged multimodal dis-
tribution, whereas a smooth, unimodal distribution is
observed in expanding populations. The match of a real
data set to these models can be assessed by the “ragged-
ness” (Joshi et al., 2004). In this study, the WAD goat
breed showed a higher raggedness in this regard while
the Northern breeds showed more uniform curves. These
differences suggest a greater population expansion in the
Northern population (SAH and RSO) than in the South
(WAD). This suggests that the Northern goat breeds may
have demographic origins different from WAD.
However, distinctive demarcation of the breeds could
also be attributed to the high genetic diversity of mtDNA
HVRI sequences. High polymorphic sites, singleton vari-
able sites and nucleotide diversity were found in WAD, in-
dicating that WAD exhibited the highest genetic diversity
potentially more useful for selection. The higher genetic
diversity of HVR1 in WAD may be related to its extensive
adaptability and survival across the Southern Nigeria. In
terms of nucleotide and haplotype diversities, SAH and
WAD showed high values compared with other goat
breeds worldwide (Luikart et al, 2001; Pereira et al.,
2005; Naderi et al., 2007). Higher non-synonymous nu-
cleotide diversity relative to synonymous nucleotide diver-
sity in WAD and RSO may be due to direct selection and a
ratio of dNV/dS greater than 1 suggests that variation at the
mtDNA HVRI1 is under positive selection (Kryazhimskiy
and Plotkin, 2008).

In conclusion, a clear genetic structure was found among
Nigerian goat breeds with appreciable variation in
mtDNA HVRI region. This study grouped Nigerian goat
breeds into two major groups with higher within-breed
variation than variation among breeds. Results suggest
two different demographic origins for northern and south-
ern breeds within goat populations in Nigerian. The pre-
sent study suggests a high degree of genetic admixing
among Nigerian goats arising from possibly different ma-
ternal origins, which is in contrast to evidence from goats
in the Levant and Central Asia, where goats where origin-
ally domesticated.

Mitochondrial DNA HVRI1 diversity in Nigerian goats
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Summary

The goal of this study was to characterize the Hamra goat population and to determine if Hamra goats of Beni Arouss and Rommani
regions belong to the same population. Eleven morphometric traits of 157 Hamra animals (94 from Beni Arouss and 63 from
Rommani) were used for this study. Overall, heart girth, body length, height at withers (HaW), height at rump (HS), chest depth
(ChD), pelvis width (PW), chest width (CW), cannon circumference, head length (HeL), head width (HeW) and horn length (HL)
of Hamra goats averaged 81.3, 61.5, 64.8, 65.3, 40.9, 19.3, 20.2, 9.67, 28.0, 26.3 and 23.4 cm, respectively. The effect of region
was significant only on HaW, PW, HeL, HeW and HL, indicating certain homogeneity among goats of the two regions. Moreover,
the inter region variance component ranged from 0 percent (absence of variability) for HS, CW, ChD and ChD to 18.5 percent for
HeL, suggesting that the variability of body measurements between Beni Arouss and Rommani regions is very low. The factor analysis
revealed four factors, which accounted for 73.5 percent of the total variance. The most discriminant variables between the two popula-
tions were HeL, HeW, PW and CW. The Mahalanobis distance between the two populations was 1.197, suggesting that there was
genetic exchange between the two populations. The discriminant analysis showed that 80.9 percent of Rommani and 50.0 percent
of Beni Arouss individuals were classified into their respective population. Results obtained will help in developing improvement
and preservation strategies for the Hamra goat population.

Keywords: Body measurement, goats, Hamra population, Morocco, multivariate analysis

Résumé

Le but de cette étude est de caractériser la population caprine Hamra et de déterminer si les caprins Hamra des régions Beni Arouss et
Rommani appartiennent a la méme population. Onze mensurations corporelles de 157 caprins Hamara (94 de Beni Arouss et 63 de
Rommani) ont été utilisées pour cette étude. Globalement, les moyennes du tour de poitrine, la longueur du corps, la hauteur au garrot,
la hauteur au sacrum, la profondeur de la poitrine, la largeur du bassin, la largeur de poitrine, le tour de canon, la longueur de la téte, la
largeur de la téte et la longueur des cornes des caprins Hamra sont respectivement de 81,3, 61,5, 64,8, 65,3, 40,9, 19,3, 20,2, 9,67, 28,0,
26,3 et 23,4 cm. L’analyse de la variance a révélé un effet significatif de la région sur la hauteur au garrot, la largeur du bassin, la
longueur et la largeur de la téte, et la longueur des cornes, indiquant certaine homogénéité entre les caprins des deux régions. La com-
posante de la variabilité entre régions a varié¢ de 0% (absence de variabilité) pour la hauteur au sacrum, la largeur et la profondeur de
poitrine et le tour de poitrine a 18,5% pour la longueur de la téte. Par conséquent, il y a une faible variabilité entre les caprins des
régions Beni Arouss et Rommani. L’analyse factorielle a révélé quatre facteurs représentant 73,5% de la variance totale. Les
caractéres les plus discriminants sont la longueur de la téte, la largeur de poitrine, la largeur de la téte et la largeur de bassin. La distance
de Mahalanobis entre les deux populations de caprins est égale a 1,197. L’analyse discriminante a montré que 80,9% et 50% des indi-
vidus respectivement des populations Beni Arouss et Rommani sont correctement classés dans leurs populations d’origine. Les résultats
obtenus vont aider a élaborer des stratégies d’amélioration et de préservation de la population Hamra.

Mots-clés: Mensurations corporelles, Caprins, Population Hamra, Maroc, Analyse multivariée

Resumen

El objetivo de este estudio es caracterizar la poblacion de cabra Hamra y para determinar si Hamra cabras de las regiones Beni Arouss y
Rommani pertenecen a la misma poblacion. Once medidas corporales en 157 animales (94 Beni Arouss y 63 Romanies) se utilizaron
para este estudio. En general, la ronda del pecho, la longitud corporal, la altura de garrotte, la altura de sacro, la profundidad del pecho,
la anchura del pelvis, la anchura del pecho, la circunferencia de cafion, la longitud de la cabeza, la anchura de la cabeza, y la longitud de
los cuernos de cabras Hamra promediado 81.3, 61.5, 64.8, 65.3, 40.9, 19.3, 20.2, 9.67, 28.0, 26.3 y 23.4 cm, respectivamente. El
analisis de la varianza reveld un efecto significativo de la region solamente en los caracteres: la altura del garrote, la anchura de la
pelvis, la longitud y la anchura de la cabeza, y la longitud de los cuernos, lo que indica una cierta homogeneidad entre las cabras
en las dos regiones. El componente de la variabilidad entre region varia desde 0% para la altura de sacro, la anchura y la profundidad
del pecho, y la ronda del pecho (falta de variabilidad entre las regiones) hasta 18,5% para la longitud de la cabeza. Por lo tanto, hay
poca variabilidad entre las dos regiones (Beni Arouss y Rommani). El analisis factorial reveld cuatro factores, que representa el 73,5%

de la varianza total de los caracteres. Las caracteristicas mas dis-

, ) ) ) criminantes para separar las dos poblaciones son: La longitud de
Correspondence to: B. Hilal, Department of Animal Production and Biotechnology, | b 1 h del ho. 1 h de 1 b )
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sam@gmail.com anchura de la pelvis. La distancia de Mahalanobis entre las dos
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poblaciones de cabras es igual a 1,197. El anélisis discriminante ha mostrado que 80,9% y 50% de los individuos estan correctamente
clasificados, respectivamente, en la poblacion Beni Arouss y Rommani. Estas informaciones ayudaran a elaborar estrategias para la

mejora y la preservacion de la poblacion Hamra.

Palabras clave: Menstruaciones corporales, Cabras, Poblacion Hamra, Marruecos, Analisis multivariante
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Introduction

The number of goats in Morocco was estimated to 6.5 mil-
lion heads (FAO, 2014). Goat farming has a major eco-
nomic role and contributes to the income of more than
70 percent of rural communities in the country
(Chentouf et al., 2011). Goats are also important because
they exploit marginal and harsh areas. Despite of their im-
portance, information about Moroccan goat resources is
scarce and mainly focused on the assessment of production
and reproduction performance (Boujenane, 2008;
Boujenane, Lichir and El Hazzab, 2010; Ibnelbachyr,
Boujenane and Chikhi, 2015b). In Morocco, the Hamra
goat is located in two different regions; Beni Arouss and
Rommani that are distant from each other (about 400 km).
The Hamra goats in both regions have a red coat colour.
The head is strong often carrying twisted horns in both
sexes, ears are often dressed in males and dropped in
females. The neck is long, very often carrying wattles,
and the tail insertion is low (Hilal ez al., 2013) (Figure 1).
Although animals of both regions have almost the same ex-
ternal appearance, the Ministry of Agriculture still hesitates
to consider them as belonging to the same population.

The phenotypic characterization of local genetic resources
depends on the variation of morphological traits, and the
selection on them may constitute an effective tool to
breed preservation and improvement (Nsoso ef al., 2004;
Sowande, Oyewale and Iyasere, 2010). Many authors
highlighted the importance of using the multivariate ana-
lysis of morphological traits to assess phenotypic variation
within and between goat populations (Herrera et al., 1996;
Dekhili, Bounechada and Mannalah, 2013).

Therefore, the objective of this study was to characterize
the Hamra goat population and to identify the relationship
between Beni Arouss and Rommani populations through a
multivariate analysis of morphological characteristics.

Materials and methods

Data collection

This study was carried out on Hamra goats raised in two
regions of Morocco; Beni Arouss, located in the north (be-
tween latitudes 35°30'N and 35°33'N and longitudes 5°52'
E and 5°63'E), and Rommani, located in the centre
(between latitudes 33°35'N and 33°66'N and longitudes
6°31'E and 6°89'E) (Figure 2). Moreover, the Beni

Figure 1. Photograph of Hamra goats.

Arouss region is characterized by its mountains and high
annual rainfall, whereas the Rommani region is character-
ized by its hills and low annual rainfall. From May to
December 2012, 157 adult goats (2-5 years old); 94 in
Beni Arouss (85 females and nine males) and 63 in
Rommani (58 females and five males) regions were mea-
sured. These goats originated from 19 herds in Beni
Arouss and nine herds in Rommani regions that were man-
aged under an extensive system. In each herd, 4-12 adult
goats were randomly selected and measured.

Studied variables

The studied variables were heart girth (HG), body length
(BL), height at withers (HaW), height at rump (HS),
chest depth (ChD), pelvis width (PW), chest width
(CW), cannon circumference (CC), head width (HeW),
head length (HeL) and horn length (HL). Measurements
were taken to the nearest centimetre on animals placed
on a flat ground using a tape measure and a calliper.
Measurements were taken in the morning before the ani-
mals were released for grazing. All measurements were
carried out by the same person in order to avoid
between-individual variations.

Statistical analyses

Statistical analyses were carried out using the SAS/STAT
package (SAS, 1999). Descriptive statistics for body mea-
surements were obtained using the PROC MEANS.

‘ Fig. 1 - Colour online ‘
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Figure 2. Map of Beni Arouss and Rommani locations.

Environmental effects on body measurements were
assessed using the PROC GLM. The mixed model used
included the fixed effect of sex (female and male) and re-
gion (Beni Arouss and Rommani) and the random effects
of herd nested within region to account for the non-
independency of sampling in each region. To assess the
between and within region variance components of body
measurements, the PROC VARCOMP was used by fitting
a model that included region as random effect. PROC
CORR was also used to compute Pearson correlations
among body measurements. Moreover, to extract a min-
imum number of uncorrelated components that account
for most of the variance in the 11 traits, the factor analysis
was realized using the PROC FACTOR. Moreover, the
stepwise discriminant analysis was applied using PROC
STEPDISC to determine the most discriminant traits.
The significance level used for adding or excluding a vari-
able was 0.15. Variables in the final model were then sub-
mitted to a canonical discriminant analysis, using PROC
CANDISC, in order to derive canonical functions that
are linear combinations of the morphological variables
and compute the between regions Mahalanobis distance.
The ability of the canonical functions to assign each indi-
vidual to its populations was calculated as the percentage
of correct assignment to each population using PROC
DISCRIM.

Rommani

Results

Arithmetic means and region effect

Arithmetic and least-squares means for body measure-
ments are given in Table 1. Overall, HG, BL, HaW, HS,
ChD, PW, CW, CC, HeL, HeW and HL of Hamra goats
averaged 81.3, 61.5, 64.8, 65.3, 40.9, 19.3, 20.2, 9.67,
28.0, 26.3 and 23.4 cm, respectively. The coefficients of
variation for different measurements ranged from 8.71 per-
cent for ChD to 30.7 percent for HL.

The region did not have a significant effect (P> 0.05)
on HS, CW, ChD, HG, BL and CC, but had a signifi-
cant effect (P<0.05) on HelL, HeW, HL, HaW and
PW showing a certain homogeneity among the Hamra
goats of the two regions. Rommani goat population had the
highest values for HeL, HeW, HL and HaW. Differences
were 1.5 cm for HeL, 1.2 cm for HeW, 2.6 cm for HL and
2.3 cm for HaWw.

Table 2 shows the proportion of between region variability
of Hamra population. It ranged from 0 percent (absence of
variability between regions) for HS, CW, ChD and CC to
18.5 percent for HeL. Therefore, there was a low variability
between goat populations of Beni Arouss and Rommani
regions indicating a close relationship between them.
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Table 1. Arithmetic means, coefficients of variation (CV), least-squares means = SE for the 11 body measurements of Hamra goats

according to region and sex'.

Trait Arithmetic mean (SD)> CV (%) Region Sex
Beni Arouss Rommani Female Male

Heart girth (cm) 81.3 (0.56) 8.71 80.5+0.79 82.5+0.75 80.5+0.51° 87.6+1.64%
Body length (cm) 61.5(0.78) 16.0 61.0+£1.10 62.3+1.08 61.1+0.63° 65.6 £2.04*
Height at withers (cm) 64.8 (0.51) 9.80 63.9+0.44° 66.2+£1.06" 64.7 +0.34° 68.4+1.08"
Rump height (cm) 65.3 (0.58) 11.1 65.0+£0.42 65.7+1.30 65.0+£0.47 69.6+1.54
Chest width (cm) 20.2 (0.30) 20.8 20.5+0.38 19.7+0.48 20.0£0.29 21.6+£0.95
Chest depth (cm) 40.9 (0.31) 9.55 40.8+0.46 41.1+0.37 40.7+0.30 42.3+0.97
Pelvis width (cm) 19.3 (0.31) 19.9 19.8+0.46% 18.4+0.31° 18.8+0.32 22.24+1.04
Cannon circumference (cm) 9.67 (0.09) 11.8 9.74+0.11 9.55+0.15 9.39+0.08° 11.3£0.28"
Head length (cm) 28.0 (0.20) 10.3 27.4+027° 28.9+0.26° 28.0+0.18° 29.9+0.60%
Head width (cm) 26.3 (0.21) 10.2 25.840.29° 27.0+0.29* 26.0+0.20° 28.8+0.63%
Horn length (cm) 23.4 (0.59) 30.7 22.4+0.60° 25.0+1.19° 22.2+0.63° 33.7+1.88"

"Least-squares means within a line for each factor that do not have a common superscript (a,b) are significantly different (P <0.05).

28D, standard deviation.

Table 2. Between region variance component, total variance and
percentage of the between region variability.

Traits Between Total Proportion of
region variance between region

component variability (%)

Heart girth 0.64 522 1.22

Body length 2.12 99.8 2.12

Height at withers 422 39.1 10.8

Rump height 0 48.1 0

Chest width 0 14.0 0

Chest depth 0 15.9 0

Pelvis width 0.03 14.2 0.19

Cannon 0 1.04 0

circumference

Head length 1.41 7.62 18.5

Head width 0.91 6.67 13.7

Hormn length 3.73 455 8.19

Correlations among measurements

Correlation coefficients among morphological traits of
Beni Arouss and Rommani goats are shown in Table 3.
High and significant correlations were found between HS
and HeL in Beni Arouss (0.812) and between HS and
HaW in Rommani populations (0.830). HeW in Beni
Arouss and HG in Rommani regions were highly corre-
lated with the other morphological traits. Also, the correl-
ation coefficient between the ChD and HG was higher for
Rommani goats (0.703) than for Beni Arouss goats
(0.351). The lowest and significant correlation coefficient
was recorded between HeW and BL in Beni Arouss region
(—0.231) and between PW and CW in Rommani region
(0.281).

Multivariate analyses

Results of the factor pattern and communality of the body
measurements of Hamra goat population are reported
in Table 4. The Kaiser—Meyer Measure of Sampling

Adequacy, which determines the proportion of the vari-
ance in difference measurements caused by the underlying
factors, was equal to 0.75. Four factors with eigenvalues
>1 were extracted (Figure 3). They accounted for 73.5 per-
cent of the total variance. The first factor explained 37.6
percent of variability, and loadings were highest for BL,
PW, HeL and ChD. The second factor described 14.7 per-
cent of the total variability. It was represented by signifi-
cant positive high loading for HS, HaW and HeW.
Factor three (HL, CW and HG) explained 12.2 percent
of the total variance. CC was more associated with the
fourth factor accounted for 9.0 percent of the variation.
Likewise, variables’ communalities, which represent the
proportion of variance of each of the 11 variables shared
by all remaining body measurements, were medium to
high. They varied from 0.57 to 0.91 (Table 4).

The stepwise discriminant analysis showed that among the
11 measurements, HeL, CW, HeW and PW had the most
discriminant power as indicated by their partial R*, sug-
gesting that only few measurements are needed to separate
between the two populations.

The canonical discriminant analysis generated only one
discriminant function (CAN1) that may be used to differ-
entiate between the populations. The canonical function,
which is the linear combination of the four most discrim-
inant traits, is as follows:

CANI1 = 0.475 + 0.490 HeW + 0.635 HeL
—0.375 PW — 0.214 CW.

Figure 4 shows an association among the individuals of
Beni Arouss and Rommani populations. The first axis,
which separated the two populations, indicated homogen-
eity among individuals of the two populations of Hamra
breed. Moreover, the Mahalanobis pairwise distance be-
tween the two goat populations was equal to 1.197.

The percentage of classified individuals into their
source population obtained from discriminant analysis was



CcC
—0.111 ns
0.657%**
0.500%**
0.384%**
0.401%***

PW
—0.134 ns
0.585%%*
0.306**
0.380***
0.365%%%*

BL
—0.231*
0.644%%*
0.372%%*
0.482%**
0.564%%*

HG
0.418 ***
0.425%%*
0.421%%*
0.470%**
0.415%%*

ChD
0.040 ns
0.544%**
0.557*%*
0.517*%*
0.528%**

CwW
0.132 ns
0.387%%*%*
0.311**
0.205 ns
0.181 ns

HS
0.182 ns
0.442% %%
0.462%*
0.812%%%

HaW
0.192 ns
0.417%%*
0.440%**
0.830%**

HL
0.284**
0.566%%%*
0.445%%%

—0.022 ns

HeW
—0.019 ns
0.357**
0.421%%%
0.374%*

HeLL
0.058 ns
0.248 ns
0.533%*%%*
0.487%%*%*

Table 3. Pearson’s correlation coefficients among measurements of Beni Arouss (above the diagonal) and Rommani (below the diagonal) goat populations'.

Traits
HeW
HaW
HS

HeL
HL
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80.9 percent in Rommani and 50.0 percent in Beni Arouss.
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Table 4. Eigenvalues and % of total variance along with factor loadings and communalities of the body measurements of the two goat

populations L

Body measurement Factorl Factor2 Factor3 Factor4 Communality
BL 0.86 0.08 0.09 -0.22 0.81
PW 0.75 0.08 0.14 0.23 0.65
HeL 0.68 0.27 0.34 —0.09 0.66
ChD 0.62 0.46 0.36 -0.25 0.79
CcC 0.48 0.09 0.40 0.42 0.57
HS 0.29 0.89 —0.15 0.11 0.91
HaW 0.26 0.81 0.23 0.14 0.80
HL 0.23 0.20 0.79 0.05 0.73
CwW 0.22 —0.19 0.71 0.23 0.64
HG 0.12 0.46 0.67 —0.06 0.67
HeW —0.42 0.63 0.42 —0.08 0.76
Eigenvalue 4.51 1.76 1.46 1.08

% of total variance 37.63 14.68 12.16 8.99

'BL, body length; HaW, height at withers; HL, horn length; ChD, chest depth; CW, chest width; HG, heart girth; HeL, head length; HeW, head width;

HS, rump height; PW, pelvis width; CC, cannon circumference.

Eingenvalues

0 1 2 3 4 5

6 7 8 9 10 11 12

Component Number

Figure 3. Scree plot of factor analysis for body measurements of Hamra goats.

proportions are lower than those reported by Rodero et al.
(2003) (82.95 and 80.88 percent in Florida and Payoya
Spanish dairy goats, respectively). Salako (2006) reduced
the linear body measurements of immature Uda sheep in
Nigeria to two factors that accounted for 75 percent of
total variance. The communalities found in the present
study indicated that all the traits had high loadings on fac-
tor 1, which is a good descriptor of general body size,
while factors 2, 3 and 4 seemed to reflect the body shape
and head size for the Hamra goat population.

The most discriminant variables selected through the step-
wise discriminant analysis were HeL, HeW, PW and CW.
These four measurements can be useful to differentiate be-
tween Beni Arouss and Rommani goat populations. As a
result, the seven other body measurements had limited dif-
ferentiation effects and hence might not be trusted in
studying morphological studies to define the racial charac-
terization of these two populations. Some of the discrimin-
ating variables obtained in the present study were similar
to those reported by Herrera ef al. (1996) in Andalusian
breeds and Rodero et al. (2003) in Florida and Payoya
Spanish dairy goats. Dekhili, Bounechada and Mannalah

(2013) reported that BL, CW, ear length, rump height,
HeL, rump width, tail length, BL and side depth would
be more important in differentiating the Algerian goats.
Herrera et al. (1996) concluded that two cephalic variables
(length and width of the head) had the largest discriminant
value.

Only one canonical variable was generated (P<0.001)
from the canonical discriminant analysis. A similar result
was also reported by Yadav et al. (2013) for India sheep.
The Mahalanobis distance between the two populations
was very low (1.197), indicating a morphological similar-
ity between the two goat populations. This similarity may
be due to two distinct factors: the genetic exchange that
might took place between the two populations in the past
or the presence of a common or close origin. Yadav
et al. (2013) reported that differences in Mahalanobis dis-
tances between four sheep breeds of southern peninsular
zone of India were associated with differences in manage-
ment practices, agro-climatic conditions and biophysical
resources. Likewise, Dekhili, Bounechada and Mannalah
(2013) reported a large Mahalanobis distance (8.6) be-
tween southern and northern goat populations in Algeria.



(o}
£
g

5]
s
m

]
<
23}

Multivariate analysis for morphological traits of the Hamra goat population in two regions of Morocco

6
5] .
4 L]
o~
=
= 3 .
= ] [ 4
B° A
A
8 .
g ¢ . a4
e 17 A les
] A .
qfﬁa
o . . > Age AL

A
L] * ..' ® %“ a0 4
oo ST % o0
-1 S i
L ™Y - [
. A
-2 1
.
-3-|""I""l""l""l""""I""I"“I
-5 -4 -3 -2 -1 [ 1 2 3

Canonical Variable 1

® 8 ® geniarrouss 4 & & Rommani

Figure 4. Canonical discriminant analysis for individual body measurements
of Beni Arouss and Rommani goat populations.

Additionally, Pires et al. (2013) reported, in a Cluster
evaluation of Brazilian and Moroccan goat populations,
that the Euclidean distances between Draa and Zagora,
Dréa and Rhaali and between Zagora and Rhaali
Moroccan populations were 1.12, 1.46 and 0.50,
respectively.

The discriminant analysis showed a high misclassification
error of individuals belonging to Rommani and Beni
Arouss goat populations (34.5 percent). This indicates
that on the basis of morphological measurements, there
was similarity between the two goat populations. Rodero
et al. (2003) reported that the misclassification error of
Payoya and Florida breeds in Spain was almost nil.
Dossa, Wollny and Gauly (2007) and Martinez et al.
(2014) concluded that the degree of correct classification
of goats in their zones depended on the high discriminating
power of morphological measurements.

Conclusions

The results of this study showed that although Beni Arouss
and Rommani goat populations are located far from each
other, they are not morphologically so different, and may
be considered as belonging to the same Hamra population.
This information will help in developing improvement and
preservation strategies for the Hamra goat population.
Nevertheless, this morphological characterization should
be confirmed by the molecular characterization.

Acknowledgements

We sincerely thank all the field officers and extension staff
who assisted us in the survey work. We are also grateful to
all the Beni Arouss and Rommani goat farmers who willing-
ly provided unrestricted access to their farms and animals.

Conflict of interest

The authors have no conflict of interest regarding the re-
search reported in this manuscript.

References

Aziz, M.ML.A. & Al-Hur, F.S. 2013. Differentiation between three Saudi
goat types using Size-free Canonical Discriminant Analysis.
Emir. J. Food Agric., 25: 723-735.

Boujenane, I. 2008. Eléments de réflexion sur I’amélioration génétique
des caprins au Maroc. L éleveur 16: 13-16.

Boujenane, 1., Lichir, N. & El Hazzab, A. 2010. Performances de repro-
duction et de production laitiere des chévres Draa au Maroc. Rev.
Elev. Méd. Veét. Pays Trop., 63: 83-88.

Chentouf, M., Zantar, S., Doukkali, M.R., Farahat, L.B., Joumaa, A. &
Aden, H. 2011. Performances techniques et économiques des caprins
dans le nord du Maroc. Options méditerranéennes, 100: 151-156.

Dekhili, M., Bounechada, M. & Mannalah, I. 2013. Multivariate ana-
lyses of morphological traits in Algerian goats, Sétif, North-Eastern
Algeria. Anim. Genet. Res., 52: 51-57.

Dossa, L.H., Wollny, C. & Gauly, M. 2007. Spatial variation in goat
populations from Benin as revealed by multivariate analysis of mor-
phological traits. Small Rumin. Res., 73: 150-159.

FAOSTAT. 2014. Food and Agriculture Organization of the United
Nations the State of Food Insecurity in the World (available at
http:/faostat3.fao.org/).

Hagan, J.K., Apori, S.0., Bosompem, M., Ankobea, G. & Mawuli, A.
2012. Morphological characteristics of indigenous goats in the coastal
savannah and forest eco-zones of Ghana. J. Anim. Sci. Adv., 10: 813—
821.

Hassen, H., Baum, M., Rischkowsky, B. & Tibbo, M. 2012.
Phenotypic characterization of Ethiopian indigenous goat populations.
Afr. J. Biotechnol., 73: 13838—13846.

Herrera, M., Rodero, E., Gutierrez, M.J., Peiia, F. & Rodero, J.M.
1996. Application of multifactorial discriminant analysis in the mor-
phostructural differentiation of Andalusian caprine breeds. Small
Rumin. Res., 22: 39-47.

Hilal, B., El Otmani, S., Chentouf, M. & Boujenane, 1. 2013.
Morphological characterization of the local goat population « Beni
Arouss ». In Proc. 8th Int. Seminar of the Sub-Network on
Production Systems of the FAO-CIHEAM, 11-13 June 2013,
pp. 433-437. Tangiers, Morocco, Inter-Regional Cooperative
Research and Development Network on Sheep and Goats.

Ibnelbachyr, M., Boujenane, I. & Chikhi, A. 2015a. Morphometric
differentiation of Moroccan indigenous Draa goat based on multivari-
ate analysis. Anim. Genet. Resour., 57: 81-87. doi: 10.1017/
S2078633615000296.

Ibnelbachyr, M., Boujenane, 1., Chikhi, A. & Noutfia, Y. 2015b. Effect
of some non-genetic factors on milk yield and composition of Draa
indigenous goats under an intensive system of three kiddings in 2
years. Trop. Anim. Health Prod. 47: 727-733.

Martinez, A., Herrera, M., Luque, M. & Rodero, E. 2014. Influence of
farming system and production purpose on the morphostructur of
Spanish goats breeds. Span J. Agric. Res., 12: 117-124.

Nsoso, S.J., Podis, B., Otsogile, E., Mokhutshwane, B.S. & Ahmadu, B.
2004. Phenotypic characterization of indigenous Tswana goats and
sheep breeds in Botswana: continuous traits. Trop. Anim. Health
Prod., 36: 789-800.

61


http://faostat3.fao.org/
http://faostat3.fao.org/

62 | B. Hilal et al.

Okpeku, M., Yakubu, A., Peters, O.S., Ozoje, M.O., Ikeobi, C.N.,
Adebambo, O.A. & Imumorin, I.G. 2011. Application of multivari-
ate principal component analysis to morphological characterization
of indigenous goats in Southern Nigeria. Acta Agric. Slovenica, 98:
101-109.

Pires, L.C., Machado, T.M.M., Araiijo, A.M., Silva, B.L., Euclydes,
R.F.,, Costa, M.S. & Oslon, T.A. 2013. Cluster evaluation of
Brazilian and Moroccan goat populations using physical measure-
ments. R. Bras. Zootec., 42: 713-720.

Rodero, E., Herrera, M., Peiia, F., Molina, A., Valera, M. &
Sepulveda, N. 2003. Modelo morfoestructural de los caprinos
Lecheros Espafioles Florida y Payoya en sistemas extensivos. Rev.
Cient., 5: 403-412.

Salako, A.E. 2006. Principal component factor analysis of the morphos-
tructure of immature Uda sheep. Int. J. Morphol., 24: 571-774.

SAS. 1999. SAS/STAT. Statistical analysis system. Cary, NC 27513, USA,
User’s guide: Statistic, SAS Institute Inc.

Sowande, O.S., Oyewale, B.F. & Iyasere, O.S. 2010. Age and sex de-
pendent regression models for predicting the live weight of West
African Dwarf goat from body measurements. Trop. Anim. Health
Prod., 42: 969-975.

Yadav, D.K., Jain, A., Kulkarni, V.S., Govindaiah, M.G.,
Aswathnarayan, T. & Sadana, D.K. 2013. Classification of four
ovine breeds of southern peninsular zone of India: Morphometric
study using classical discriminant function analysis. SpringerPlus 2,
29 (available at http:/www.springerplus.com/content/2/1/29) (accessed
29 January 2013).

Yakubu, A. 2009. Fixing collinearity instability in the estimation of Body
weight from morpho-biometrical traits of West African dwarf goats.
Trakia. J. Sci., 7: 61-66.


http://www.springerplus.com/content/2/1/29
http://www.springerplus.com/content/2/1/29

Animal Genetic Resources, 2016, 59, 63-72. © Food and Agriculture Organization of the United Nations, 2016
doi:10.1017/S2078633616000187

Primary phenotypical characterization of the Pirot
sheep from Stara Planina, Republic of Serbia: can
we save the forgotten zackel?
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Summary

The Pirot sheep is a small Zackel that has been developed in the region of Pirot and the neighbouring municipalities in Serbia. Pirot
sheep population has been reduced to only 60 animals in the Republic of Serbia. An overview of qualitative phenotypical and mor-
phometrical characteristics of Pirot sheep from the Stara Planina is presented in this paper. The sheep included in this study belong
to the last flock of the breed. The evaluation aims to obtain the phenotypical description of this indigenous breed as a phase of pres-
ervation strategy. Therefore, a total of 51 ewes and two rams were measured to obtain the detailed data concerning conformation. The
phenotypical characteristics of animals included were also described. Based on the results, the Pirot sheep is a small breed with com-
pact, slightly rectangular body frame (body length 115.40 percent of height at withers). The investigated sheep population was homo-
geneous, and morphological variations were limited to the data obtained in our research. The differences detected among different age
groups were significant and reflected late maturing and slow growth of individuals. The comparison of the data determined by the
evaluation of the modern population of Pirot sheep with the description from the older literature did not reveal that many significant
changes of the morphological characteristics have occurred during the last 30 years. The small effective population and increasing
inbreeding can threaten the efforts to preserve this sheep. The cultural heritage of the local community is also in danger due to the
fact that the cornerstones of rural tradition in the area have been production of the three nationally important agricultural brands in
Serbia — Pirot kilim (Pirot rug), Pirot/Stara Planina lamb and Pirot/Stara Planina Kachkaval cheese, all of which are depending on
the Pirot sheep breeding. Additionally, some problems affecting the preservation of animal genetic resources in Serbia are reviewed
with the focus on the Stara Planina. The research indicated that ex situ conservation should also be considered in the case of the
Pirot sheep.

Keywords: conservation, Pirot sheep, phenotypical characterization, Serbia

Résumé

Le mouton Pirot est un petit mouton de type Zackel, qui a ét¢ développé dans la région de Pirot et dans des communes voisines en
Serbie. La population de moutons Pirot s’est réduite a seulement 60 animaux dans la République de Serbie. Dans cet article, une
présentation générale des caractéres phénotypiques qualitatifs et des traits morphométriques des ovins Pirot du Grand Balkan est
faite. Les moutons compris dans cet article appartiennent au dernier troupeau de la race. Dans le cadre de la stratégie de conservation,
I’évaluation vise a obtenir la description phénotypique de cette race indigéne. Ainsi, un total de 51 brebis et deux béliers ont été
mesurés afin d’obtenir des données précises sur la conformation. Par ailleurs, une description des caractéristiques phénotypiques
des animaux a aussi été faite. D’aprés les résultats, la race ovine Pirot est une race compacte de petite taille avec un format corporel
plutdt rectangulaire (longueur du corps : 115,40 pour cent de la hauteur au garrot). La population ovine étudiée a ét¢ homogene et les
variations morphologiques ont été rares dans les données obtenues dans cette recherche. Les différences décelées entre les différents
groupes d’age ont été significatives et ont reflété la maturité tardive et la croissance lente des individus. La comparaison des données
générées en évaluant la population moderne des ovins Pirot avec des publications plus anciennes a révélé qu’il n’y a pas eu de nom-
breux changements significatifs dans les trente derniéres années. La petite population efficace et 1’accroissement de la consanguinité
peuvent menacer les efforts pour conserver cette race ovine. L’ héritage culturel de la communauté locale est également a risque en
raison du fait que, dans cette zone, les piliers de la tradition rurale ont été les trois produits agricoles les plus importants en Serbie:
le kilim de Pirot (tapis de Pirot), I’agneau de Pirot ou du Grand Balkan et le fromage Kashkaval, qui dépendent tous de 1’élevage
de moutons Pirot. En outre, certains problémes qui affectent la conservation des ressources zoogénétiques en Serbie ont été
examinés, avec I’accent particulierement mis sur la région du Grand Balkan. L’étude a indiqué que la conservation ex sifu devrait
aussi étre considérée dans le cas des ovins Pirot.

Mots-clés: mouton Pirot, caractérisation phénotypique, conservation, Serbie
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Resumen

La oveja Pirot es una oveja pequefia de tipo Zackel que se ha desarrollado en la region de Pirot y en municipios colindantes en Serbia.
La poblacion de ovejas Pirot se ha visto reducida a so6lo 60 animales en la Republica de Serbia. En este articulo se hace una
presentacion general de las caracteristicas fenotipicas cualitativas y de los rasgos morfométricos del ganado ovino Pirot de los
Montes Balcanes. Las ovejas incluidas en este estudio pertenecen al ultimo rebafio de la raza. Como parte de la estrategia de
conservacion, la evaluacion pretende servir para obtener la descripcion fenotipica de esta raza autoctona. Asi, un total de 51 ovejas
y dos carneros fueron medidos para conseguir informacion detallada sobre la conformacion. También se llevd a cabo una
descripcion de las caracteristicas fenotipicas de los animales considerados. De acuerdo con los resultados, la raza ovina Pirot es
una raza compacta de pequefio formato, con un marco corporal ligeramente rectangular (longitud corporal: 115,40 por ciento de la
altura a la cruz). La poblacion ovina estudiada fue homogénea y las variaciones morfologicas fueron escasas en los datos obtenidos
en esta investigacion. Las diferencias detectadas entre los distintos grupos de edad fueron significativas y reflejaron la maduracién
tardia y el lento crecimiento de los individuos. La comparacion de los datos generados mediante la evaluacion de la poblacion moderna
de ganado ovino Pirot con respecto a publicaciones mas antiguas desveld que no se han producido muchos cambios significativos dur-
ante los ultimos treinta afios. La pequefia poblacion efectiva y el aumento de la consanguinidad pueden amenazar los esfuerzos por
conservar esta raza ovina. El legado cultural de la comunidad local también estd en peligro debido al hecho de que, en esta zona,
los pilares de la tradicion rural han sido los tres productos agricolas mas importantes en Serbia: Pirot kilim (alfombra de Pirot), el cor-
dero de Pirot o de los Balcanes y el queso Kashkaval, todos ellos dependientes de la cria de ganado ovino Pirot. Asimismo, se han
revisado algunos problemas que afectan a la conservacion de los recursos zoogenéticos en Serbia, con especial atencion a la region
de los Balcanes. La investigacion sefiala que la conservacion ex sifu también deberia ser considerada en el caso del ganado ovino Pirot.

Palabras clave: oveja Pirot, caracterizacion fenotipica, conservacion, Serbia
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Introduction sheep with grains and forages during the winter. In the

Pirot region, pastures (Figure 1) cover approximately
52.76 percent of the total land area, and are situated at
the altitude of 600-2000 m (Radoicic and Trkulja,
2012). Pastures are very poor in legumes (about 15 per-
cent). The common grasses on the pastures of Mountain
Stara Planina area are: Agrostis vulgaris, Agrostis alba,
Cynosurus cristatus, Anthoxanthum odoratum, Poa pra-
tensis, Poa trivialis, Danthonia calyicina, Festuca velle-
siaca, so that the total digestive protein content available
to the grazing sheep is very low and ranges from 4.18 to
13.57 percent (Ruzic-Muslic et al., 2006). In the Stara
Planina and Suva Planina mountains, sheep graze from
April to late November. The winter housing is modest
(small wooden sheep pens) and confined animals conse-
quently lose weight and decrease production due to poor
winter nutrition. However, for many years this type of trad-
itional sheep herding was economically justified due to the
market demand of Kachkaval cheese production and fam-
ous tradition of Pirot carpet manufacturing. The Pirot lamb
was the third local signature brand. The lamb meat was
famous for its juiciness and tenderness, with its exception-
al and well-recognized flavour. The sheep products from
Pirot region were famous and exported worldwide at the
beginning of the twentieth century.

The Pirot sheep or Pirot pramenka is an indigenous Zackel
traditionally reared/raised for centuries in the region of the
South—Eastern Serbia. The geographic origin and breeding
area of the Pirot sheep is directly associated with the fol-
lowing Serbian municipalities: Pirot, Knjazevac, Nis,
Dimitrovgrad, Bela Palanka, Babusnica and even Crna
Trava, Bosilegrad and Trgoviste or, more precisely, with
the mountainous area of Suva Planina and Stara Planina.
The most important historical breeding centre of the
Pirot sheep was on the Stara Planina where, even today,
the remaining population of this breed is located. Stara
Planina — also known as the Balkan Mountains — occupies
the central part of the Balkan Peninsula and represents the
southern part of the Carpathian mountain range. It extends
with its smaller, western part into the Republic of Serbia,
while its eastern, larger part is in the Republic of
Bulgaria. Mountain Stara Planina has been placed under
protection as a nature park since 1997 (“Official Gazette
of the RS” No. 19/97). This Act is a result of the recogni-
tion of the unique diversity of the local flora and fauna as
well as the geological and hydrological characteristics of
the mountain. Due to its agrobiodiversity and heritage,
the area applied for the UNESCO Man and the
Biosphere Reserve programme (MAB programme).

The Pirot area is famous for its unique traditional sheep
herding, which over time became an integral part of the
cultural and ethnic heritage that influenced the develop-
ment of the rural community in this part of Serbia.
Generally speaking, sheep breeding in this part of the
country is rather extensive, and is focused on nomadic
grazing during the summer and supplementary feeding of

The historical data concerning the characteristics of the
Pirot sheep are scarce. The environmental conditions and
poor pastures were the main factors that influenced the for-
mation of Pirot sheep. The frame of Pirot sheep was small
with the average withers height of 60 cm, harmoniously
built, with the firm skeleton and sturdy constitution
(Mitic, 1984), compact as body length (BL) was 108.7
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Figure 1. A typical pasture on the Stara Planina.

percent of the withers height, and with moderately devel-
oped chest. According to Mitic (1984), the body mass of
an adult sheep was about 41 kg. Ewes of Pirot Zackel
are polled. The lack of detailed description of the breed
reflected the widespread policy that autochthonous animal
breeds were “primitive”, low in productivity and the signa-
ture of poverty. The selection of “improved animals”
through crossbreeding with imported animals high in prod-
uctivity was implemented as a compulsory measure of ani-
mal breeding and sheep reproduction practice in Socialist
Yugoslavia.

Even so, the Pirot sheep was highly appreciated for its
good milk and wool quality. The length of lactation was
around 190 days, and the average milk yield per lactation
was 77.5 kg (Mitic, 1984). The wool yield was very low —
1.4 kg per ewe, and 1.8 kg per ram (Mitic, 1984). The
mandatory crossbreedings with Merino Precos and
Waurtenbergin aiming to select larger animals for meat, in-
crease the production of finer wool and preserve the milk
production started in 1954, and the so-called “improved
Pirot sheep” type was developed. However, certain import-
ant characteristics such as sturdiness were lost and, and at
the same time, recognizable characteristics, i.e. milk taste,
meat taste and suitability of wool for carpet manufacture
were changed. The original sheep were bred in secrecy
and obscurity in the very remote areas. The public aware-
ness of the importance of traditional sheep production in

the region was only recently recognized. During the last
decade “Staroplaninski kachkavalj” and “Pirotski kachka-
valj” have been certified as autochthonous hard cheese
brands with protected geographic origin (The Intellectual
Property Office of RS, 2010). According to the definition
the “Staroplaninski kachkavalj” is a processed cheese
made from fresh milk obtained from autochthonous
Zackel sheep reared traditionally on Stara Planina and
Suva Planina presuming that animals mentioned are sup-
plied with the feed obtained in the defined geographic re-
gion and are kept grazing on high mountain pasture for at
least 180 days/year. The “Pirot kachkavalj” can be dairy,
sheep and/or goat hard cheese prepared from the milk of
locally adopted animals reared under the same conditions
as defined in case of Staroplaninski kachkavalj.

Since the selection strategy was compulsory and disre-
garded the sustainability of crossbred sheep both in regard
to susceptibility to numerous diseases and the economic
impact on small farmers, local production of sheep
declined. Furthermore, the industrialization of the area
attracted young people as a result of which the negative
demographic trend has severely affected rural communi-
ties, and the local population abandoning villages caused
a decrease in the number of sheep in the Pirot region.
The original Pirot sheep population became gravely endan-
gered. The demographic catastrophe of South—East rural
areas in Serbia has started at the end of the Second
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World War due to the social politics implemented through-
out former Yugoslavia. Nowadays, mountain villages are
mostly abandoned and only remnants of small sheep
farms exist (Figure 2).

The conservation measures were introduced in the last dec-
ade of the twentieth century and included also the rural
communities on the Stara Planina. At the same time
local breeders have recognized the importance of indigen-
ous sheep and identified the remaining examples of the ori-
ginal Pirot sheep. Moreover, with the support of the
National AnGR authorities the remaining animals were
registered and the condition of the population was rated
as critical. Conservation authorities supported organized
breeding and prevented the complete breed extinction.
Nowadays around 60 individual Pirot sheep has been iden-
tified and included in one flock bred, controlled by the na-
tional authorities and according to the Serbian Plan for
Animal Biodiversity Preservation for the period of 2011—
2018 (“Official Gazette of RS” no. 13/2011; Stancic and
Stancic, 2013). The risk of extinction of original Pirot
sheep was the main reason for urgent inclusion of this
population into the list of Serbian endangered AnGR.
The original Pirot sheep flock has been identified on the
territory of municipalities Dimitrovgrad and Pirot on
Stara Planina, and together with the other autochthonous
sheep breeds from Stara Planina, have been the subject
of several studies hoping to obtain the data for
genetic resources preservation (Stevanovic et al., 2015;
Stojiljkovic ef al., 2015). The site of Kamenica is actually
located 30 km north of Dimitrovgrad and some 25 km
from Pirot, near the border with the Republic of
Bulgaria. It is a representative example of typical rural
settlement on the Stara Planina. The remaining rural popu-
lation is engaged exclusively in extensive animal breeding.
In addition to the agriculture, some households are
involved in the development of rural tourism. At the
same time, milk and meat from the autochthonous sheep
from this region are being evaluated for certification of au-
tochthonous products of protected geographic origin.

Figure 2. Remains of a sheep farm in Mount Stara Planina (local name:
“pojata”).

The aim of this study is to determine the phenotypical
characteristics of the Pirot sheep from Stara Planina in
Serbia. According to the current strategy recommended
by FAO, the phenotypical characterization (FAO, 2012)
is a prerequisite for the initiation of in vivo conservation
of indigenous breeds. An overview of the greatest obsta-
cles influencing the animal genetic resources preservation
in Republic of Serbia, with the focus on Stara Planina, is
also included in this paper.

Material and methods

The phenotypical investigation of the Pirot sheep was
performed on the only flock of this breed that is under
controlled breeding situated on the Stara Planina, the
Kamenica village, municipality of Dimitrovgrad (Figures
3 and 4).

The phenotypical analysis included complete morphome-
trical investigation and qualitative body description per-
formed upon the examination of 51 sheep and two
breeding rams. The included individual sheep were divided
into two age categories: category I (1-3 years) and cate-
gory II (3—6 years) (FAO, 2012). The sheep were kept in
a semi-intensive farming system. The nutrition was based
on the fresh grass from regularly fertilized pastures with
the addition of forages (hay) and grains. Body measure-
ments were performed by the use of the zootechnic ribbon
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Figure 3. Geographic location of Dimitrovgrad.
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Figure 4. Pirot sheep flock from Kamenica, Stara Planina.

(250 cm), and pelvimeter was used for cranial, pelvic and
thoracic width and depth measurements. The following
morphological parameters were measured: BL, from the
point of the shoulder to the caudal margin of the pin
bone; height at withers (HWi), the distance from the
ground to the top of the withers; height at tuber coxae
(HTC), the distance from the ground to the top of the
tuber coxae; height at tuber ischii (HTI), the distance
from the ground to the top of the fuber ischii; chest girth
(CG), the circumference of the chest just behind the with-
ers and shoulders; thoracic depth (TD), distance from the
ventral edge of the sternum to the top of the withers;
chest width (CW), the width between the lateral edges of
the shoulder joints; head length (HdL), from the tip of
the nose to the top of the occipital crest; front length
(FL), from the imaginary line, which connects the medial
eye corners to the top of the occipital crest; head width
(HdW), the distance between two zygomatic arches; base
of the ear height (BEH), from incisura vasorum to the ven-
tral ear base; cannon circumference (CC), at the central of

the front cannon; ear length (EL), lateral aspect of the ear
from base to the tip; hip width (HpW), the distance be-
tween the coxal tubercles; coxo-femoral width (CfW),
the distance between the coxo-femoral joints; bi-ischial
width (BiW), the distance between the pin bones (tuber
ischii); pelvic length (PL), from the hip to the pin bone;
base of the tail-pelvic simphysis diameter; tail length
(TL), from the base to the tip of the tail. Based on the mea-
sured parameters, the following conformational indices
were calculated: body frame index — HWi/BL x 100;
body compactness index — TGi/BL x 100; body massive-
ness index — TGi/Hwi x 100; over increase index — HTC/
Hwi x 100; thoracic wide index — CW/TD x 100; thoracic
depth index — TD/HWi x 100; head index — HIW/HdAL x
100; Dactilo-thoracic index CC/TGi x 100; Cannon cir-
cumference index — CC/HWix 100 and pelvic index —
HpW/PL x 100 (Stojiljkovic et al., 2015). A total of 13 de-
scriptive parameters were obtained: type of wool color-
ation, wool colour, type of fleece, ear orientation, head
colour, head profile, hair/wool type on limbs, colour of
limb wool/hair, pigmentation of the hoof, tail form, back
profile, rump profile and udder type.

The statistical analysis of the parameters measured was
performed by GraphPad Prism 5.0 program. In addition
to the basic descriptive statistics and Student’s #-test, the
Pearson correlation coefficient was established to deter-
mine correlations between body parameters in the Pirot
sheep population.

Results
The morphometrical parameters and statistical data deter-
mined in Pirot sheep were presented in Tables 1-4.

The data presented in Table 1 show that the average BL is
15.40 percent higher than HWi, thus reflecting compact

Table 1. Variability of morphometrical parameters in ewes of the Pirot sheep breed.

Parameter N x+SD SEM CV (%) Variance (VI) 90 percent percentile interval (90% PI)
Body length 51 69.61+3.27 0.46 4.70 61.0-77.0 65.2-74.8
Height at withers 51 60.35+2.64 0.37 438 55.0-67.0 57.0-63.8
Height at tuber coxae 51 61.71+2.46 0.34 3.99 56.0-68.0 58.2-64.8
Height at tuber ischii 51 50.90+2.27 0.32 4.45 45.0-56.0 48.0-54.0
Thorax girth 51 79.59+4.17 0.58 5.24 70.0-91.0 73.4-85.0
Thorax depth 51 29.57+2.53 0.35 8.56 23.0-35.0 26.2-33.0
Chest width 51 20.25+1.07 0.15 5.31 18.0-23.0 19.0-21.8
Cannon circumference 51 7.20+0.35 0.35 4.83 7.0-8.0 7.0-8.0
Tail length 51 27.65+3.95 0.55 14.29 14.0-35.0 22.6-32.0
Body frame index 51 115.40+4.88 0.68 4.23 105.2-125.0 109.6-123.0
Body compactness index 51 114.50 +6.40 0.90 5.59 100.0-128.1 105.4-123.1
Body massiveness index 51 132.00+7.56 1.06 5.72 119.7-156.9 122.8-141.7
Overincrease index 51 102.3+3.14 0.44 3.08 96.6-110.7 98.4-107.9
Thoracic wide index 51 68.93+6.73 0.94 9.76 55.9-95.7 61.4-76.5
Thoracic depth index 51 48.96+3.16 0.44 6.45 39.7-55.2 45.0-53.3
Dactyl-thoracic index 51 9.05+0.44 0.06 4.82 8.2-10.0 8.5-9.6
Cannon circumference index 51 11.94+0.61 0.09 5.09 10.9-13.8 11.2-12.7
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Table 2. Variability of craniometrical parameters in Pirot sheep.

Parameter N xX+SD SEM Cv Variance (VI) 90 percent percentile interval (90% PI)
Head length 51 28.10+1.15 0.16 4.09 26.0-30.0 26.0-29.9
Front length 51 15.71+0.78 0.11 4.94 14.0-17.5 14.6-16.9
Head width 51 12.49+£0.70 0.10 5.63 11.0-14.0 11.5-13.4
Base of the ear height 51 9.64£0.66 0.09 6.81 8.5-11.5 9.0-10.4
Ear length 51 10.44 £1.63 0.23 15.64 6.0-13.0 7.2-12.0
Head width index 51 44.48£2.32 0.33 5.23 39.3-50.0 41.4-48.1
Skull width index 51 79.64 £4.83 0.68 6.06 68.8-92.9 73.7-86.1

and slightly rectangular body. The average HTC was 2.3
percent higher than HWi. The TD was 48.96 percent of
HWi, This investigation revealed that the average CW
was 33.55 percent of HWi, The average tail length was
27.65 cm. Body compactness and body massiveness indi-
ces suggest that the Pirot sheep has a strong and compact
trunk. Low values of SD, SEM and coefficient of variation
(CV) showed that the population studied was uniform.

According to the results presented in Table 2, it can be
observed that FL is 55.91 percent, and HAW is 44.48 per-
cent of HdAL, on average. These data show that the Pirot
sheep has relatively elongated and light head. The data pre-
sented in Table 3 shows that the pelvis in Pirot sheep is
well developed, slightly elongated and relatively wide
enough. The Pirot sheep has exclusively white wool
(Table 5), although exceptional individual sheep with
grey and black wool may occur. The colour of hair on
the head is white — spotted with small and large pigmented
black and brown patches around the eyes, mouth and nose.
The craniometrical parameters show that the Pirot sheep
has well developed head with slightly convex profile.
Ewes are pooled, while rams are horned. Other distinctive
breed characteristics are: short hair on the legs with
pigmented black or brown spots, long cylindrical tail,
nice, well-developed wudder and pigmented hooves
(Figures 5 and 6).

The body measures in ram 1 (2 years) and ram 2 (4 years)
were the following: BL — 72.0 and 71.0 cm, HWi — 62.0
and 63.0cm, CD — 33.0 and 33.0cm, CW — 22.0 and
23.0 cm, CG — 82.0 and 84.0, HAL — 28.0 and 28.0 cm,
FL — 150 and 15.0cm, HdW — 13.0 and 14.0 cm,
HTC - 61.0 and 62.0, HTI — 51.0 and 52.0, BEH - 10.5
and 10.5 cm, CC — 9.0 and 9.0 cm, horn length (HLr) —
45.0 and 65.0 cm, EL — 11.0 and 10.5 cm, HpW - 30.0

Table 3. Pelvimetrical variables in Pirot sheep.

and 27.0 cm, coxo-femoral diameter (CfD) — 19.0 and
22.0 cm, BiW — 22.0 and 24.5 cm, PL — 25.0 and 25.0
cm and TL — 16.0 and 16.0 cm, respectively. Both rams
are offspring of a single ram, which was identified when
the preservation of Pirot sheep has been established. The
lack of male reproductive individual can be a serious threat
for the preservation of Pirot sheep.

The exterior characteristics of the modern Pirot sheep are
similar to the historical data described by Mitic (1984).
The Pirot sheep has exclusively white wool (Table 5),
although exceptional individual sheep with grey and
black wool may occur. The colour of hair on the head is
white — spotted with small and large pigmented black
and brown patches around the eyes, mouth and nose.
The craniometrical parameters show that the Pirot sheep
has well-developed head with slightly convex profile.
Ewes are pooled, while rams are horned. Other distinctive
breed characteristics are: short hair on the legs with
pigmented black or brown spots, long cylindrical tail,
nice, well-developed udder and pigmented hooves
(Figures 5 and 6).

Discussion

The comparison of the data presented in Table 1 with his-
torical descriptions of the Pirot sheep revealed some
changes in morphometrical characteristics. The determined
data showed that the average BL is 15.40 percent longer
than HWi. This is slightly different from the literature
data (8.70 percent, Mitic 1984). The HWi as estimated
did not differ from the earlier description of Pirot sheep
(Mitic, 1984), but both differed from the data obtained
by Gutic et al. (2006), who suggested that the average

Parameter N x+SD SEM Ccv Variance (VI) 90 percent percentile interval (90% PI)
Pelvic length 51 22.67+1.29 0.18 5.68 20.0-27.0 21.0-24.0

Hip width 51 19.36+1.02 0.14 5.27 18.0-21.0 18.0-21.0

Coxo-femoral width 51 21.43+0.95 0.13 4.45 19.5-23.5 20.0-23.0

Bi/ischiadic width 51 8.25+0.72 0.10 8.69 7.0-10.0 7.5-9.0

Tail-pelvic simphysis diameter base 51 22.67+1.29 0.18 5.68 20.0-27.0 21.0-24.0

Pelvic index 51 85.57+4.73 0.66 5.53 74.1-95.5 79.2-91.3

Pelvic slope index 51 42.62+3.52 0.49 8.25 35.7-52.8 39.0-47.4
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Table 4. Pearson’s correlation between the selected morphometrical parameters in the Pirot sheep population.

Parameter BL HWi TGi TD CW HdL CcC HpW
HWi 0.580%**

TGi 0.371%** 0.327*

TD 0.276 0.689%** 0.149

CwW 0.321%* 0.138 0.489%** 0.172

HdL 0.377** 0.433** 0.572%** 0.383** 0.507***

CcC 0.359%* 0.391** 0.540%** 0.121 0.378** 0.477%%*

HpW 0.385%* 0.215 0.468*** 0.306* 0.465%** 0.344* 0.303*

PL 0.474%** 0.376** 0.358%* 0.296* 0.379** 0.263 0.328* 0.459%**

HWi of Pirot sheep was about 55 cm and that the average
HTC was 2.3 percent higher than HWi. The TD of inves-
tigated animals was 48.96 percent of HWi, which is in ac-
cordance with the data by Mitic (1984). This investigation
revealed that the average CW was 33.55 percent in relation
to HW1i, and this finding was slightly different from the lit-
erature data (29.42 percent, Mitic, 1984), probably due to
improved breeding practice. The TL was in average about
4-5 cm shorter compared with the data by Mitic (1984).
Body compactness and body massiveness indices suggest
that the Pirot sheep has a strong and compact trunk. Low

values of SD, SEM and CV showed that the studied popu-
lation was uniform.

According to the results presented in Table 2, it can be
observed that FL is 55.91 percent, and HdW is 44.48 per-
cent of HAL, on average. These data show that the Pirot
sheep has relatively elongated and light head. The data pre-
sented in Table 3 showed that the pelvis in Pirot sheep is
well developed, elongated and relatively wide enough,
considering the average mass of the lambs at birth (3.4—
3.9 kg, Mitic, 1984). The craniometrical and pelvimetrical
variability in the Pirot sheep has not been investigated

Table 5. Qualitative phenotypic traits of Pirot sheep from Stara Planina.

Parameter Result N %
Type of wool colouration Unicoloured 51 100.00
Wool colour White 51 100.00
Type of fleece Open 51 100.00
Ear orientation Horizontal 36 70.59
Slightly lowered 15 29.41
Head colour White 16 31.37
White with black patches around ears and eyes 8 15.69
White with black spots 6 11.76
White with black patches around eyes 5 9.80
White with black patches around nose 5 9.80
White with brown patches around eyes 4 7.84
White with brown patches around eyes and ears 2 3.92
White with brown patches around eyes and nose 2 3.92
White with brown spots 1 1.96
Black and white 1 1.96
Brown 1 1.96
Head profile Slightly convex 47 92.16
Convex 4 7.84
Hair/wool on limbs Short hair' 51 100.00
Colour of limb wool/hair White 26 50.98
Black and white 10 19.61
White with black spots 5 9.80
Brown and white 5 9.80
White with brown spots 2 3.92
Brown 2 3.92
Black 1 1.96
Pigmentation of the hoof Partially pigmented 36 70.59
Pigmented 11 21.57
Non-pigmented 4 7.84
Tail form Cylindrical 51 100.00
Back profile Flat 51 100.00
Rump profile Slightly curved 51 100.00
Udder type Properly developed 51 100.00

'Short hair up to the elbow joint on front, and slightly above tarsal joint on rear limbs in majority of studied individual sheep.
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Figure 5. Pirot sheep ewes in the examined population — white head with
black patches around eyes and nose.

before. The results obtained from craniometry and pelvim-
etry were similar to those determined for the Karakachan
sheep (Stojiljkovic et al., 2015), another Zackel from
Mount Stara Planina (Table 6).

A statistically significant difference between the different
age categories was established for the following para-
meters: BL (P<0.001), CW (P<0.001), front length
(P<0.001), thoracic girth (P<0.01), bi/ischiadic width
(P<0.01), CfW (P<0.01), tail length (P<0.01), base of
the tail-pelvic simphysis diameter (P <0.01), HWi (P<
0.05), head width (P<0.05) and hip width (P<0.05).
Body indices between age groups did not differ signifi-
cantly. The Pirot sheep is slow-growing and late-maturing
breed, as well as the other Zackel sheep in the region.

The results obtained by analysing the correlations between
some morphometrical parameters evaluated in Pirot sheep
are shown in Table 4. The existence of significant positive
correlations was established between a large numbers of
the studied parameters. The high correlation coefficients
between selected parameters indicate that the Pirot sheep

Figure 6. Pirot sheep with white head and black spots.

Table 6. Comparison of selected morphometrical parameters
between Pirot and Karakachan sheeps.

Body parameter Pirot sheep Karakachan sheep t
(N=51) (Stojiljkovic et al.,
2015, N=97)
Body length 69.61+3.27 70.60+4.16 0.67
Height at withers 60.35+2.64 61.26+2.74 0.47
Thorax girth 79.59+4.17 79.12+£4.23 0.64
Thorax depth 29.57+2.53 30.40+2.07 2.14%*
Chest width 20.25+1.07 21.58+1.51 5.59%**
Tail length 27.65+3.95 28.95+4.25 1.81
Head length 28.10£1.15 27.64+1.21 2.24%
Head width 12.49+0.70 13.03+0.68 4.55%%*
Pelvic length 22.67+1.29 23.54+1.17 4.15%**
Cannon circumference 7.20£0.35 8.18+0.33 16.81%%*
Body compactness 114.50£6.40 112.30+£5.95 2.08%*
index
Thoracic wide index 68.93+6.73 71.17+4.44 2.43%
Dactyl-thoracic index 9.05+0.44 10.36 £0.55 14.71%%*
Cannon circumference  11.94+0.61 13.36+0.57 14.05%%*
index

Head width index 4448 +£2.32 47.19+2.43 6.55%**
Pelvic index 85.57+4.73 88.29+4.04 3.67%**

*P<0.05 — significant **P <0.01 — very significant ***P <0.001 — ex-
tremely significant.

is very harmoniously conformed, reflecting balanced phys-
ical development (growth) and also revealing that the
breed has adapted to the environmental conditions through
the history of the breed. The lack of variation and differ-
ences in some morphometrical parameters studied could
arise problems sequential to inbreeding that cannot be
avoided due to extremely small number of breeding ani-
mals included in a single flock. The population status
did not allow the comparison with other Pirot sheep.

The comparison (Table 6) of the morphometrical para-
meters obtained for Pirot sheep has revealed significant
differences from the data established for Karakachan
sheep, another local small Zackel from Stara Planina
(Stojiljkovic et al., 2015). There were no significant mor-
phometrical variations observed for body parameters
described within each breed, which means that both tested
sheep populations were morphologically uniform and
homogeneous but significantly different in regard to mor-
phological characteristics and phenotype.

The phenotype of modern Pirot sheep is similar to the ori-
ginal breed described by Mitic (1984). The facial spots, leg
hair and spotting, together with very light convexity of the
head and the type of fleece and wool were among the im-
portant traits that have been used for identification of ori-
ginal Pirot sheep when the preservation programme was
established.

According to the descriptive phenotypical data obtained in
the investigation of the modern Pirot sheep population, we
can say that no major differences between this Zackel and
Karakachan sheep, another important autochthonous sheep
population from Stara Planina, were observed (except
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colour of wool). Over 90 percent of the sheep in Serbia is
concentrated in small farms, with the variable structure and
size of the flock, mainly in rural mountainous areas
(Petrovic et al., 2011). The agriculture and animal breeding
management strategy of the Republic of Serbia is facing a
huge challenge: how to ensure the connection between the
endangered breeds and sustainable sheep production in the
future? Among future tasks, the conservation and revival
of rural areas is the most important process that can influ-
ence the development of animal breeding and agriculture
together with the biodiversity preservation. The previous
experience in the selection did not bring the expected
results, mostly due to depopulation of the rural area
which affected the number of total domestic animals and
also the number of indigenous animals and traditional
production in all the rural areas. The question: “Can we
preserve Pramenka?” can be rephrased: “Can we save
Mountain Stara Planina?”. The future strategy can be ef-
fective only after the project sustainability and financial in-
vestment are ensured. Rural development policies in Serbia
have several tasks to preserve autochthonous animal popu-
lations (including Pirot sheep), i.e. changes in the people’s
behaviour, promotion of sustainable agriculture in accord-
ance with local natural resources, further improvement of
traditional products made from autochthonous breeds and
efficient marketing campaigns, promotion of rural tourism,
protection of nature and landscape, and strategies of decen-
tralization (Stojanovic, 2008). Several centres and individ-
ual farms were formed to allow preserving the last herds of
indigenous domestic animal breeds. Such centre is located
on Stara Planina (Stojanovic and Pavlovic, 2003). Shortly
after the foundation of the conservation farms, the arising
problem was the financing and sustainability of those
farms. Disinterest of the local population in traditional ani-
mal farming and bad product marketing were the main rea-
sons for economic difficulties that occurred on farms. The
Ministry of Agriculture and Environmental Protection has
developed a strategy for the period from 2011 to 2018 in
the Republic of Serbia (Official Gazette of RS, no. 13/
2011) with well-defined strategic areas, objectives and
activities for animal biodiversity preservation. According
to this national document, the animal resources play an im-
portant role in the Serbian biodiversity plan. Furthermore,
only “in situ” method was introduced for the preservation
of autochthonous and indigenous breeds of mammalian
and avian species (Stancic and Stancic, 2013).

There are two certified autochthonous animal products with
protected geographic origin derived from the Pirot sheep —
Stara Planina Kachkaval cheese and Pirot rug/kilim. These
products are registered in the Serbian Intellectual Property
Institute, and their basic source is the Pirot sheep.
Unfortunately, this advantage of the Pirot sheep is not
used in an efficient way because of poor marketing.

A possible success in preserving the Pirot sheep would be
to promote the organic production system. According to
Petrovic et al. (2011), sustainable approach to sheep pro-
duction in Serbia and agriculture in general seeks to

strengthen family farms, as well as to protect and exploit
natural resources. This can be achieved with the Pirot
sheep because of its triple-purpose production potential
(milk—wool-meat), acclimatization capacity and breeding
tradition, as well as the high-quality autochthonous wool,
milk and meat products. Also a project by the Animal
Husbandry Institute in Zemun, Serbia, proved that Pirot
sheep could be the genetic basis for new, modern, highly
productive breeds. MIS sheep has been developed at the
Institute as a product of 20-year-long research in which
the crossbreeding of the following two breeds were used
Pirot sheep and Ile de France (Petrovic et al., 2014).
This is an example of selective breeding for intensive mod-
ern sheep farming with the use of new technologies in low-
land parts of Serbia.

Conclusion

The phenotypical characterization of the modern Pirot
sheep population described in this paper provides new
data necessary for future preservation programs and pol-
icies. In addition to that a survey among experienced agro-
technical specialists has drawn attention to the Pirot
sheep’s capacity and potential for future breeding and pres-
ervation of rural tradition in Serbia, especially in the Stara
Planina and similar rural areas rich in mountain pastures,
but with poor housing and winter care.

The established phenotypical data of the modern popula-
tion of Pirot sheep in the area of Stara Planina did not dif-
fer from the description of the original sheep population
mentioned in older literature, which means that the popu-
lation examined may serve as the foundation for the pro-
grammes of preservation and can be the nucleus for the
stabilization of the population on Stara Planina.

There is also the need for the implementation of breed
preservation program as an important part of biological
and traditional heritage of human rural population in
Stara Planina and the whole Pirot region.

Although “In situ” conservation is an ongoing process and
the Pirot sheep are carefully bred by the farmers devoted to
preservation of biodiversity, the importance of “Ex situ”
conservation should also be accentuated in the case of
Pirot sheep, considering the small number of individuals,
lack of the breeding rams and also bearing in mind that
the remaining flock can be put in danger if an outbreak
of infectious diseases came to be.

The depopulation of rural areas will remain the main obs-
tacle in the progress of animal breeding, and therefore the
socio-economic changes in the form of repopulation and
local region revival must precede the rural development.
Hence, the development of animal breeding as a priority
must be taken into account as a long-lasting strategy.
Short-term projects will only delay the extinction of
endangered animal breeds and final demographic degrad-
ation of rural regions in Serbia for a short period of time.

71



72

O.N. Stevanovic et al.

Acknowledgements

This research was supported by the Ministry of Education,
Science and Technological Development of Serbia (Grant
number III 46002) and Public Veterinary Institute “Dr
Vaso Butozan” Banja Luka, Bosnia and Herzegovina.

References

FAO 2012. Phenotypic characterization of animal genetic resources.
FAO Animal Production and Health Guidelines No. 11. Rome
(available at: http://www.fao.org/docrep/015/i2686¢/i2686¢00.htm).

Gutic, M., Petrovic, M., Kurcubic, V., Bogosavljevic-Boskovic, S.,
Mandic, L. & Doskovic, V. (eds) 2006. Sheep production technolo-
gies. Serbia, Faculty of Agronomy, University of Cacak (on Serbian).

Mitic, N. 1984. Sheep farming. Belgrade, Serbia, Institute for Textbooks
and Teaching Aids (on Serbian).

“Official Gazette of the RS” No. 19/1997.

“Official Gazette of RS”, No. 13/2011.

Petrovic, M.P., Petrovic, M.M., Ruzic-Muslic, D., Caro-Petrovic, V.,
Maksimovic, N., Ilic, Z. & Vuckovic, S. 2011. Opportunities and
challenges for sustainable sheep production in Serbia. Biotechnology
in Animal Husbandry 27: 463—472.

Petrovic, M.P., Petrovic, V.C., Muslic, D.R., Ilic, Z.Z., Stojkovic, J.,
Stanisic, N. & Djokovic, R. 2014. Features of the new breed of

sheep in Serbia called Mis sheep 2. Fattening and meat characteristics
of lambs. Veterinarija ir Zootechnika 68: 90.

Radoicic, O. & Trkulja, S. (eds) 2012. Regionalni prostorni planovi —
prikaz. Republicka Agencija za Prostorno Planiranje, pp. 180.

Ruzic-Muslic, D., Petrovic, M.M., Petrovic, M.P., Nesic, Z.,
Marinkov, G. & Vorkapic, M. 2006. Nutrition as factor of improve-
ment of production of sheep milk on the territory of Stara Planina
mountain. Biotechnology in Animal Husbandry 22: 55-62.

Stancic, I. & Stancic, B. 2013. Animal genetic resources in Serbia.
Slovak Journal of Animal Science 46: 137-140.

Stevanovic, O., Stojiljkovic, M., Nedic, D., Radoja, D., Nikolic, V.,
Prodanovic, R., Ivanov, S. & Vujanac, I. 2015. Variability of
blood serum biochemical parameters in Karakachan sheep.
Biotechnology in Animal Husbandry 31: 55-62.

Stojanovic, S. 2008. Use of farm animal genetic resources in Serbia in rural
tourism. In Dagen Save Conference, 12—14 June 2008. Kozard Hungary.

Stojanovic, S. & Pavlovic, O. 2003. Conservation of animal genetic
resources in Serbia. Contemporary Agriculture 52: 303-306.

Stojiljkovic, M., Stevanovic, O., Ivanov, S., Drobnjak, D., Urosevic,
M. & Trailovic, R. 2015. Morphometrical characterisation of the
Karakachan sheep from Stara planina, Serbia. Bulgarian Journal of
Agricultural Science 21: 1278-1284.

The Intellectual Property Office of RS 2010. The List of the Indications of
Geographical Origin Registered in the Intellectual Property Office. http:/
www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-
origin/list-of-igo.91.html, Republic of Serbia — The Intellectual Property
Office, Belgrade, Serbia.


http://www.fao.org/docrep/015/i2686e/i2686e00.htm
http://www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-origin/list-of-igo.91.html
http://www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-origin/list-of-igo.91.html
http://www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-origin/list-of-igo.91.html
http://www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-origin/list-of-igo.91.html
http://www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-origin/list-of-igo.91.html
http://www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-origin/list-of-igo.91.html
http://www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-origin/list-of-igo.91.html
http://www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-origin/list-of-igo.91.html
http://www.zis.gov.rs/intellectual-property-rights/inidications-of-geographical-origin/list-of-igo.91.html

Animal Genetic Resources, 2016, 59, 73-80. © Food and Agriculture Organization of the United Nations, 2016
doi:10.1017/S2078633616000217

Genetic relationships of indigenous goats reared
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Summary

Kenya indigenous goat breeds (Capra hircus) have not been accurately described. Therefore, there is threat of erosion of unique gen-
otypes such as those associated with adaptability and disease resistance, through indiscriminate crossbreeding. The Kenyan goats clas-
sification based on phenotype/morphology identifies three breeds: Small East African (SEA) goats, the Galla goat and crosses of SEA
and the Galla. In the present study, we sampled goats from two main geographic regions of Kenya with pastoralist communities, the
Maasai and Somali/Boran. DNA was extracted from whole blood and polymerase chain reaction amplified using primers flanking a
fragment of Cytocrome-b and D-loop regions of mitochondria DNA. The sequences derived were analysed both within Kenya goat
populations and also compared with phylogeographic-related datasets. These data show that the majority of Kenyan indigenous
goats are not distinct and their genetic structure is very diverse; however, distinct haplogroups were present. Genetic diversity showed
weak positive in Tajima D test for Kenyan indigenous goats, while the Iberian/Mediterranean/Middle-East dataset had a more pro-
nounced negative value indicating that the two populations are under different selection pressure. These analyses enabled phylogenetic
relationships between and within species and the comparisons of local goats to related breeds geographically. The information can be
applied management of conservation-guided breeding programmes by crossing the indigenous breed’s unique genes with high prod-
uctivity traits from another source.

Keywords: /ndigenous goats, Kenya, mitochondrial DNA, phylogenetics

Résumé

Les races caprines (Capra hircus) indigénes du Kenya n’ont pas été décrites avec précision. Ainsi, il existe une menace d’érosion de
génotypes uniques, tels que ceux en rapport avec 1’adaptabilité et la résistance aux maladies, du fait des croisements incontrolés. Le
classement des caprins kényans selon le phénotype/morphologie identifie trois races: Naine d’Afrique Orientale (NAO), Galla et les
croisements entre NAO et Galla. Dans cette étude, les populations caprines de deux des principales régions géographiques du
Kenya présentant des communautés pastorales (les Maasai et les Somalis/Boran) ont été échantillonnées. De I’ADN a été extrait du
sang et amplifié par PCR avec des amorces encadrant un fragment du Cytochrome b et les régions des boucles D de I’ADN mitochon-
drial. Les séquences obtenues ont été analysées au sein des populations caprines du Kenya, ainsi que comparées avec des ensembles de
données phylogéographiques connexes. Les données ont montré que, dans 1’ensemble, les populations caprines indigénes du Kenya ne
sont pas distinctes et que leur structure génétique est trés variée. Pourtant, la présence de différents haplogroupes a été décelée. La
diversité génétique a présenté un résultat 1égeérement positif au test D de Tajima pour ce qui est des caprins indigeénes du Kenya,
alors que I’ensemble de données Ibérique/Méditerranéen/Proche-Orient a obtenu une valeur négative plus marquée, ce qui indique
que les deux populations se trouvent soumises a différentes pressions de sélection. Ces analyses ont permis d’établir les relations
phylogénétiques inter- et intra-espéce et de comparer les caprins locaux avec des races géographiquement connexes. Ces informations
peuvent étre appliquées a la gestion de programmes de conservation cherchant 1’amélioration génétique par le croisement de génes
uniques des races indigénes avec des caracteres de haute productivité en provenance d’autres sources.

Mots-clés: caprins indigenes, Kenya, ADN mitochondrial, phylogénie

Resumen

Las razas caprinas (Capra hircus) autoctonas de Kenya no han sido descritas con precision. Por ello, existe un riesgo de erosion de
genotipos Unicos, tales como los relacionados con la capacidad de adaptacion y la resistencia a enfermedades, debido a los cruzamien-
tos indiscriminados. La clasificacion de las cabras kenianas en base al fenotipo/morfologia distingue tres razas: cabra Enana de Africa
Oriental (EAO), cabra Galla y cruces entre EAO y Galla. En el presente estudio, se muestrearon cabras de dos de las principales
regiones geograficas de Kenya con comunidades pastoriles, los Masais y los Somalies/Boran. Se extrajo ADN de la sangre y se
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amplificé mediante PCR usando cebadores contiguos a un fragmento de Citocromo b y a las regiones de los bucles D del ADN mito-
condrial. Las secuencias derivadas fueron analizadas en el seno de las poblaciones caprinas de Kenya y comparadas con conjuntos de
datos filogeograficos relacionados. Los datos muestran que la mayoria de las cabras autdctonas de Kenya no son distintas y que su
estructura genética es muy diversa. Aun asi, se detectd la presencia de diferentes haplogrupos. La diversidad genética arrojé un resul-
tado levemente positivo en el test D de Tajima en el caso de las cabras autdctonas kenianas, mientras que el conjunto de datos Ibérico/
Mediterraneo/Oriente Proximo dio un valor negativo mas pronunciado, lo que indica que las dos poblaciones se hallan bajo distintas
presiones selectivas. Estos analisis permitieron establecer las relaciones filogenéticas inter- e intra-especie y comparar las cabras locales
con razas geograficamente relacionadas. Esta informacién puede ser aplicada a la gestion de programas, con la vista puesta en la
conservacion, que persiguen la mejora genética mediante el cruzamiento de genes Unicos de las razas autdctonas con caracteres de

alta productividad procedentes de otras fuentes.

Palabras clave: cabras autoctonas, Kenya, ADN mitocondrial, filogenia
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Introduction

The domestic goat is one of the most important livestock spe-
cies most adaptable and geographically wide-spread, ranging
from the mountains of Siberia to the deserts and tropics of
Africa (Porter, 1996; Zeder and Hesse, 2000; Luikart et al.,
2001; Pereira and Amorim, 2010). Their inherent characteris-
tics such as resistance to dehydration, preference for browse
and wide-ranging feeding habits, enable them to thrive in
regions that receive <750 mm of rainfall (Devendra and
McLeroy, 1982). Goats are valued primarily for the production
of meat, milk, skins and fibre and have fulfilled agricultural,
economic, cultural and religious roles from very early times
in human civilization (Joshi et al., 2004; Dong et al., 2013).

Studies on domestic goat (Capra hircus) origins and
genetic diversity are still not conclusive. Archaeological
evidences indicate domestication of goats in the Fertile
Crescent region of the Near East 10000 years ago
(Pringle, 1998; Luckert et al, 2001; MacHugh and
Bradley, 2001). Using highly wvariable mitochondrial
DNA segments, various authors have shown that the
maternal lines of the current breeds comes from three foun-
der lineages A, B and C (Bradley et al., 1996; Luikart
et al., 2001). Lineage A is the most common in all conti-
nents. Lineage B was found in the Indian subcontinent,
Mongolia and Southeast Asia. Lineage C was observed
in a few samples from Mongolia, Switzerland and
Slovenia. Further increase in local sample sizes have
prompted re-definition of these three lineages and the num-
ber of haplogroups has increased to six (A, B, C, D, F and
G) (Bradley et al., 1996; Manceau et al., 1999; Naderi
et al., 2007, 2008). These studies found close matches in
the alleged ancestor of the domestic goat, the bezoar,
Capra aegagrus (Hughes et al., 2012; Doro et al., 2014).

Kenya Indigenous goat breeds have never been accurately
described. Therefore, there is threat of erosion of unique
genotypes such as those associated with adaptability to
certain habitat and disease resistance, through indiscrimin-
ate crossbreeding. The current classification based on
phenotype/morphology identifies three breeds: Small East

African (SEA) goats, the Galla goat and crosses of SEA
and the Galla (Abate et al., 1989). SEA goat has compact
body, with short-haired coat of no definite colour though var-
ied mixtures of black, brown and white are common. They
have short erect ears and small horns. Galla goats have
smooth short-haired coat that is white but the skin is black.
Ears are long and dropping and the goat frequently have dew-
lap. Their horns are short and bent backwards (Devendra and
Mcleroy, 1982).

In this study, we sampled DNA from indigenous goats
from remote locations of pastoralists in Kenya, mainly,
the Maasai and Somali/Boran communities and utilized
mitochondria DNA (mtDNA) cytochrome-b/D-loop
sequence to analyse their phylogenetic relationships and
genetic diversity.

Materials and methods

Population description

Sampling regions were determined based regional and
pastoral communities demographic distribution within
Kenya. SEA goats were sampled from pastoralists in Narok
and Kajiado (Southern Rift valley) while the Galla popula-
tions were sampled from Garissa and Isiolo, Northern Rift
Valley). Other sampling was done at Kenyan coast (Kwale)
and the Nyika plateau in Eastern Kenya.

Ethical clearance

This study was passed as a Master of Science dissertation
project at University of Nairobi Veterinary School, Kabette
and by National Commission of Science and Technology,
Kenya (Nacosti). Ethical guidelines in the humane treat-
ment of animals were followed.

Blood sample collection

Fifty blood samples representative of each of the various
Kenyan indigenous goat breeds/regions were collected by



a veterinarian. Approximately 2 ml of peripheral blood
was obtained by jugular vein puncture into a 10 ml
EDTA Vacutainer tubes. The samples were stored on ice,
transported to the laboratory within 24 h, and preserved
at —20 °C until use.

DNA extraction

DNA was extracted from the whole blood (Sambrook,
Maniatis and Fritsch, 1987). The blood was incubated in
50 pg/ml proteinase K, 1 percent SDS in STE buffer
(150 mM NaCl, 100 mM EDTA, 10 mM Tris—HCI, pH
7.4) at 55 °C for 3 h. The DNA was extracted from the lys-
ate by the phenol: chloroform method and precipitated
from the aqueous phase by adding 2—-3 volumes of abso-
lute ethanol. The pellet was suspended in 50—100 pul TE
(10 mM Tris—HCI, 1 mM EDTA, pH 8.0). DNA concen-
tration was measured by absorbance at 260/280 nm and
the quality analysed by electrophoresis in 1 percent agar-
ose gel in 1x TAE buffer (40 mM Tris acetate, | mM
EDTA, pH 8.0). The respective tubes with DNA were
appropriately labelled and stored at —20 °C.

Polymerase chain reaction (PCR) and gene-clean
procedures

In this study, 60 DNA samples representing SEA and Galla
goats from Kenyan indigenous communities were analysed.
PCR was carried out using the following parameters: denatur-
ation at 94 °C, 1 min annealing at 56 °C, 1 min and extension
at 72 °C for 1.5 min. The primers flanking region of cyto-
chrome b and D-loop region were applied. The amplification
product was verified on 1percent agarose gels and the fragment
excised from the gel, solubilized in sodium iodide solution
then bound to (silica) column in the gene clean procedure.
Bound DNA was eluted in 30 pl nuclease-free ddH,O.

Sequencing

Gene cleaned DNA of the amplified fragments were
sequenced at Beckman Coulter Genomics Inc., France
using the AppliedBiosystems ABI dye terminator method.
Each of the analysed samples was independently
sequenced three times and the raw sequences with non-
ambiguous consensus selected. Representative consensus
sequences were deposited in NCBI nucleotide database
(GenBank Accession ID: 683928-683967).

Phylogenetic and diversity analysis

Sequences were aligned utilizing the Clustal-W program in
BioEdit (Version 7.05) and the phylogenetic relationships
inferred from the aligned nucleotide sequences by the
neighbour-joining method at Boostrap 1000 replicates
using Phylip program (Felsentein, 1993) as implemented
in the MEGAG6 version suite (Tamura et al., 2013).
Multiple monophyletic lineages were deleted to simplify
data presentation. Analysis of allele diversity and
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population divergence was done in DNA sequence poly-
morphism statistics pakages implemented in MEGA 6
and dnaSP V5 software (Librado and Rozas, 2009).

Results

Phylogenetics of indigenous goats within Kenya

Neighbour-joining tree analysis of Kenya’s indigenous
goats show a distance relationship to the root Capra aega-
grus, extinct ancestral goats (Figure 1). Within Kenya
population, two major clusters were observed but did not
associate with any morphological trait description of
Kenyan indigenous goats.

Relationship of Kenyan goats to Iberian
Peninsula and Mediterranean Islands isolates

Databases DNA on mitochondrial D-loop from goats of phy-
logeographic origins was analysed against same region of
D-loop of sampled Kenyan indigenous goats. Boostrap
phylogenetic trees were constructed by Neighbour-joining
analysis and edited to determine closest relationships to
Kenya goats. This analysis of mtDNA defines Iberian
Peninsula/Mediterranean islands goats as the dominant stock
related to Kenyan indigenous goats (Figure 2) but there are a
few lineages that cluster with Lehri and Pak Angora isolates
from Pakistan.

Different phylogeographic goat isolates in
relation the ancestral goats

DNA (D-loop) databases of goats from phylogeographic
origins were analysed using un-rooted tree to determine
phylogeographic clusters in relationship to Kenyan indigen-
ous goats in relation to different ancestral goat lineages that
determines today’s goat breeds. Kenyan indigenous stock
(thick lines) include an old lineage and a diverse group of
isolates that clusters with goats lineage A, found in
Southern Europe and parts of Middle East (Figure 3).

Population nucleotide diversity

Partial cytchrome b/D-loop region nucleotide sequences
diversity in phylogeographic datasets and similar sequences
derived from Kenya’s indigenous goats were subjected
Tajima-D test (Tables 1 and 2) to assess departure from neu-
trality. Data showed weak positive values for Kenyan dataset
and slightly pronounced negative value for the Iberian/
Mediterranean/Middle-East dataset. Divergence between the
Kenyan indigenous goats and the Iberia/Mediterranean/
Middle-East isolates showed no fixed differences and 35
shared mutations (Table 3).

Discussion

Determination of origins and phylogeographic relation-
ships of goat breeds in sub-Saharan Africa is a necessary
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Figure 1. Kenyan indigenous goats dendograph rooted against C. aegagrus: Capra hircus isolates from Kenya’s main pastoralist communities. Observed clusters
are indicated in brackets. The tree is drawn to scale with branch lengths proportional to evolutionary distances.

step in conservation of genetic diversity and their upgrad-
ing to higher productivity phenotypes Ajmone-Marsan
et al. (2014). These goat populations are managed trad-
itionally and preferred trait selection has maintained flow
of important genes in high phenotype diversity (Taberlet
et al., 2008). In this study, we sampled indigenous goats
from traditional pastoralist communities in remote loca-
tions within Kenya. These goats are classified: (i) SEA
goat and its crosses, reared by Maasai communities in
South and South Eastern rangelands and (ii) the Galla
goat reared by Boran and Somali communities in North
and North Eastern rangelands and semi-deserts of Kenya
(Abate et al. 1989; Kibegwa et al., 2015). The phylogen-
etic structure (Tamura, Nei and Kumar, 2004) based on
mitochondria DNA sequences (Figure 1) show no distinct
breed types since goats from different traditional commu-
nities cluster together and their diversity is uniformly
spread. Mitochondria are maternally inherited and the
inferred genetic relationship apply to the founder female
goats, while introgression to these gene pools by the
male goat is not accounted for. However, most studies
on ancient lineages use mtDNA because there is high
chance to get full-length genes in the preserved old speci-
men (Luikart ef al., 2001; Fernandez et al., 2006; Naderi
et al., 2007) and many comparative studies apply

mtDNA to infer population phylogenetic structure. The
phylogenetic data observed in the Kenyan indigenous
goats (Figure 1) indicate that the mtDNA lineages are
spread across preferred phenotypes shared among the dif-
ferent communities. These goats are adapted to the dry
rangeland habitats and selection of goat weight for meat
rather than daily goat is the preferred trait. This implies
that the pastoralist communities exchange or trade in pre-
ferred male or female for breeding and that the founder
female population(s) are spread among the Kenya indigen-
ous goats.

The origin of indigenous goat breeds in Kenya is not docu-
mented and available details are not evidence-based but
rather, speculation. Nucleotide sequence data will enable
estimation of genetic distance in the phylogenetic relation-
ships between and within species, and the comparisons of
local databases to those in geographically similar land-
scapes. We analysed partial mitochondria D-loop/cyto-
chrome b sequences from sequence data we generated
(GenBank Accession ID: 683928 to 683967) in relation
to similar dataset of phylogeographic distribution. The
goat breeds in Kenya mainly clustered together with iso-
lates: Blceltiberica, Pirenaica, Blandaluza, Moncaina,
Azpi-Gorri, Nserrana and Malta (MAL) from Iberia
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C. hircus solate Narok107b D-loop
C. hircus isolate kiolo109Fb D-loop
96 1 C. hircus isolate Narok308b D-lbop

C. aegagrus mitochondrial DNA HV 1
C. falconeri mitochondrial DNA HV 1

0.01

Figure 2. Relationship of Kenyan indigenous goats to isolates of phylogeographic origin. The dendograph is rooted to two ancestral goats, C. aegagrus and C.
falconeri. Different clusters of interest are indicated by bracket and the Iberia Peninsula/Mediterranean isolates are italized. The tree is drawn to scale with branch

lengths proportional to evolutionary distances.

peninsula and Mediterranean coastal regions and islands
belonging to the haplogroup A while a few Kenyan iso-
lates clustered with Pak Angorra and Lehri from
Pakistan goats (Figure 2) that belong to haplogroup C
(Luikart et al., 2001; Fernandez et al., 2006; Naderi
et al., 2007). This shows that Kenya indigenous goat
breeds are more related to the Mediterranian region hap-
logroups and may suggest migration routes, initially by
Berbers and Bedouins and then via Sahel region by

Fulani tribesmen pastoralists and/or Portuguese sailors
(Pereira and Amorim, 2010; Pieter, 2013). While this ana-
lysis relates to female lineages it is presumed that such
migrations or/and trade include both sexes. The data also
show Kenya’s indigenous goats to be diverse stock,
since their clusters are widespread over different phylogeo-
graphic isolates indicating diversity of founder stocks.
Notably, there appears an early branching stock (Figures 2
and 3) that may represent a distinct haplogroup in this region
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Figure 3. Phylogeographic goat isolates in relation to lineages of the ancestral wild goats: C. sibirica, C. falconeri, C. aegagrus, C. caucasica, C. ibex nubiana
and C. cylindricornis (Unrooted dendograph). Kenya’s indigenous goat clusters lineages are shown in thick lines. The tree is drawn to scale with branch lengths

proportional to evolutionary distances.
Table 1. Results from Tajima’s neutrality test. Table 2. Results from Tajima’s neutrality test.
m S Ds (C] T D m N Ds (C] T D
39 54 0.112735 0.026664 0.027278 0.082581 38 91 0.205882 0.049001 0.034506 —1.087796
The analysis involved 38 nucleotide sequences from Iberian/
Mediterranean/Middle-East group. There were a total of 442 positions
in the final dataset. Evolutionary analyses were conducted in MEGAG.

The analysis involved 39 nucleotide sequences of Kenyan indigenous
goats. There were a total of 479 positions in the final dataset.
Evolutionary analyses were conducted in MEGA6. m=number of
sequences, n=total number of sites, S=number of segregating sites,
ps =S/n, ® =pga,, #=nucleotide diversity, and D is the Tajima test stat-
istic (7 and S/a; both estimate ®, where E (expected) E [#]=0, E [S]=

a,0), software default significant at P <0.10.

m=number of sequences, n = total number of sites, S=number of segre-
gating sites, p;=3S/n, ® =pya;, r=nucleotide diversity, and D is the
Tajima test statistic (z and S/a; both estimate ®, where E (expected)
E [7]=0, E [S]=a,0), software default significant at P <0.10.



Table 3. DNA divergence between populations.

Kenyan indigenous goats genetics

Population 1: Kenyan Indigenous group

Population 2: Iberian/Mediterranean/Middle-East group

Number of sequences: 38
Number of polymorphic sites: 52
Nucleotide diversity, Pi(1): 0.02963

Number of sequences: 38
Number of polymorphic sites: 90
Nucleotide diversity, Pi(2): 0.03354

Between populations:
Number of fixed differences: 0

Mutations polymorphic in population 1, but monomorphic in population 2:17
Mutations polymorphic in population 2, but monomorphic in population 1:56

Shared mutations: 35
P<0.10

Genetic divergence between Kenyan indigenous goats and Iberian/Mediterranean region isolates (significant at P <0.10) conducted using dnaSP V5

software.

and derived from one of ancestral wild goats and now has gene
introgressions with haplogroup A. Further elaborate sampling
and phylogenetic analysis can shed light on possible geo-
graphic Eastern African haplogroup related to the ancestral
goats.

Studies (Hanotte er al., 2006) have shown that genetic
diversity found in today’s indigenous livestock popula-
tions and breeds greatly exceeds that found in their com-
mercial counterparts therefore breeding programmes
should include utilization of these genetic resources as
long-term conservation strategies. The most significant
threat to genetic diversity of indigenous breeds is the mar-
ginalization of traditional production systems and the asso-
ciated local breeds, driven mainly by the rapid spread of
intensive livestock production, often large-scale and utiliz-
ing a narrow range of breeds (FAO, 2007). In this study,
genetic diversity was assessed on sequence dataset using
Tajima-D neutrality test (Tajima, 1989; Nei and Kumar,
2000). Analysed data output gave weak positive value
(0.082581) for Kenya indigenous goats and slightly pro-
nounced negative value (—1.087796) for the Iberian/
Mediterranean/Middle Eastern dataset (Tables 1 and 2).
Values close to zero indicate that the nucleotide diversity is
near neutrality and the population from which we sampled
was almost in equilibrium with respect to drift and mutation.
Kenyan indigenous goat population show positive value,
though small, indicating that the population may have under-
gone arecent bottleneck or there is overdominant selection ofa
trait that is linked to analysed locus. Iberian/Mediterranean/
Middle-East breeds dataset showed negative Tajima-D
value implying purifying selection or population expansion
resulting in low heterozygozity. Nucleotides divergence
between the two goat populations revealed great variation in
polymorphic sites with 35 shared mutations but no fixed dif-
ferences (Table 3). The two datasets may indicate different
selection pressure due to different management systems.

Indigenous livestock breeds are the result of thousands of
years of natural and human selection that allows product-
ivity in different ecological zones (FAO, 2007, 2012).
Goats in arid/semiarid regions of Kenya form an integral
part of a fragile livelihood systems and the pastoralist com-
munities are endowed with indigenous knowledge on

management of these ecosystems. The goats they stock
have inherent characteristics such as resistance to dehydration,
preference for browse and wide-ranging feeding habits, enab-
ling them to thrive in regions that receive <750 mm of rainfall
(Devendra and McLeroy, 1982; Georgoudis, 1995, 1998).
This study has provided further information on genetic diver-
sity of Kenya indigenous goats as a conservation interest in
orderto avoid erosion of unique genotypes due to uncontrolled
breeding. Investment in animal weight over agility may limit
tolerance to heat/drought and can limit pastoralists’ long-
distances migratory nature but the communities can adopt eco-
logical improvement by intensifying shrubs conservation and
growth in the browsing regions. Breeding programmes should
select for tolerance to local diseases because large scale loss of
goats and sheep reared by Kenya’s pastoralist communities is
attributed to disease outbreaks that cannot be managed by trad-
itional methods. Government investment in epidemiological
research to define etiological pathogens and apply interven-
tions using alternatives in veterinary medicine is a plausible
supplementary strategy that may not necessarily discourage
approaches based on traditional medicines.

Conclusions

Based on genetic characterization data, Kenyan Indigenous
goats phenotypic/morphological description as, (i) Galla
goat and (i) SEA goat would better be classified as
mixed genotype of the two defined populations. Kenya
Indigenous goats have an early lineage genetic stock that
indicates distinct cluster and there has been introduction
of other goats defining the introgression signatures mainly
from Iberian Peninsula/Mediterranean stock. Kenyan indi-
genous goats are customarily rated on meat/weight and can
be upgraded using related phylogeographic stocks.
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Dairy production systems and the adoption of
genetic and breeding technologies in Tanzania,
Kenya, India and Nicaragua

J.M.K. Ojango’, C.B. Wasike?, D.K. Enahoro' and A.M. Okeyo'
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Summary

Development of the livestock industry and its role in poverty alleviation in developing countries depends on how adaptive the produc-
tion systems are to changing global environmental and economic trends. This paper characterizes dairy production systems in India,
Tanzania, Kenya and Nicaragua, and describes the genetic and breeding technologies that hold promise for the advancement of global
development goals. The dairy value chain has been prioritized for development under the CGIAR research programme on Livestock
and Fish in Tanzania (East Africa), India (South Asia) and Nicaragua (Latin America), while ILRI is involved in research on dairy
development in Kenya. In all the countries, a large number of smallholder farmers operating mixed crop—livestock production systems
play a significant role in dairy production. In Tanzania, Kenya and Nicaragua, milk is predominantly produced by cattle of genotypes
that differ both across countries and among production systems within the same country. In India, buffaloes contribute to a larger pro-
portion of the national milk than cattle. Information on productivity per animal and on optimal genotypes to utilize within the small-
holder production systems of all the countries is however limited. Crossbreeding and artificial insemination were identified as the most
widely utilized breeding and reproductive technologies. Only in Kenya is there a national organization conducting livestock recording
and monitoring productivity, however, the proportion of the dairy cattle population enrolled in the recording system is small (<2.5
percent). In all the countries, enhanced and adequately planned use of breeding and reproductive technologies, complemented with
the relevant infrastructure, is needed to sustainably increase dairy productivity. The capacities of actors in the dairy value chain
need to be developed in order to properly implement and manage improvements.

Keywords: breeding technologies, dairy production, developing countries

Résumé

Le développement du secteur de 1’¢élevage et son role dans la réduction de la pauvreté dans les pays en développement dépendent de
I’adaptabilité des systémes de production a 1’évolution des contextes environnementaux et économiques. Cet article caractérise les
systémes de production laiti¢re en Inde, Tanzanie, Kenya et Nicaragua et décrit la génétique et les méthodes de sélection avec lesquelles
I’on cherche a atteindre les objectifs mondiaux de développement. La chaine de valeur du lait a été une priorité pour le développement
dans le cadre du programme de recherche du CGIAR sur I’Elevage et la Péche en Tanzanie (Afrique Orientale), Inde (Asie du Sud) et
Nicaragua (Amérique Latine), alors qu’au Kenya c’est I'ILRI qui a pris en charge la recherche sur le développement du secteur laitier.
Dans tous les pays, un grand nombre de petits éleveurs exploitant des systémes agropastoraux mixtes jouent un role important dans la
production de lait. En Tanzanie, Kenya et Nicaragua, le lait est principalement produit par des bovins de génotypes qui different a la
fois entre les pays et entre les systémes de production dans le méme pays. En Inde, les bufflonnes contribuent plus que les bovins a la
production nationale de lait. Cependant, il existe un manque d’information sur la productivité par animal et sur les génotypes optimaux
a utiliser dans les systémes de production des petits exploitants de ces pays. Les croisements et I’insémination artificielle ont été
identifiés comme les stratégies reproductives et de sélection les plus amplement utilisées. Seulement au Kenya il existe une organisation
nationale qui procéde a I’enregistrement des animaux et qui fait le suivi de la productivité, bien que le pourcentage de bovins laitiers
inscrits dans ce registre est faible (<2.5 pour cent). Dans tous les pays, il s’avere nécessaire d’améliorer et de planifier adéquatement
I’utilisation des techniques de reproduction et de sélection, ceci complété par I’infrastructure pertinente, afin d’accroitre de fagon dur-
able la productivité laitiére. Les capacités des acteurs de la chaine de valeur du lait doivent étre renforcées afin que les progres soient
convenablement mis en ceuvre et gérés.

Mots-clés: production laitiere, méthodes de sélection, pays en développement

Resumen

El desarrollo del sector ganadero y su papel en la mitigacion de la pobreza en paises en desarrollo dependen de la capacidad de
adaptacion de los sistemas de produccion a contextos ambientales y econémicos cambiantes. Este articulo caracteriza los sistemas
de produccion lechera en India, Tanzania, Kenya y Nicaragua y describe la genética y las técnicas de seleccion con las que se pretende
alcanzar los objetivos mundiales de desarrollo. Con vistas al desarrollo, se ha dado prioridad a la cadena de valor de la leche en el
marco del programa de investigacion CGIAR sobre Ganaderia y Pesca en Tanzania (Africa Oriental), India (Asia Meridional) y
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Nicaragua (América Latina), mientras que en Kenya ha sido el ILRI quien ha asumido la investigacion sobre el desarrollo del sector
lechero. En todos los paises, un gran nimero de pequefios ganaderos, que operan sistemas agropecuarios mixtos, juegan un papel desta-
cado en la produccién lechera. En Tanzania, Kenya y Nicaragua, la leche es producida principalmente por ganado bovino de genotipos
que difieren entre paises y de unos sistemas de produccion a otros dentro del mismo pais. En India, las bufalas contribuyen en mayor
proporcion que el ganado bovino a la produccion nacional de leche. Sin embargo, es escasa la informacion sobre la productividad por
animal y sobre los genotipos Optimos a utilizar en los sistemas de produccion de los pequefios ganaderos de estos paises. Los cruza-
mientos y la inseminacion artificial fueron identificados como las estrategias reproductivas y de seleccion mas ampliamente utilizadas.
Unicamente en Kenya existe una organizacion nacional que lleva a cabo el registro del ganado y el seguimiento de la productividad, si
bien el porcentaje de ganado bovino lechero inscrito en este registro es bajo (<2.5 por ciento). En todos los paises, se necesita mejorar y
planificar adecuadamente el uso de las tecnologias reproductivas y de seleccion, todo ello complementado por la infraestructura perti-
nente, para incrementar de manera sostenible la productividad lechera. Las capacidades de los actores en la cadena de valor de la leche

deben ser desarrolladas con el fin de que las mejoras se implementen y se gestionen convenientemente.

Palabras clave: produccion lechera, técnicas de seleccion, paises en desarrollo
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Introduction

Rapid changes are taking place in the livestock sector of
developing countries in response to globalization and an
increasing demand for animal-product based diets, owing
primarily to the combination of population growth, in-
creasing consumer affluence and urbanization (Seré
et al., 2008; Robinson et al, 2011; Mpofu, 2014). In
these countries, the increasing consumption of livestock
products is projected to continue beyond the year 2050
(Thornton, 2010; Table 1). However, livestock develop-
ment faces increased threats from the growing competition
for natural resources (such as land, water and fossil fuels),
human conflicts and socio-political instability, weak insti-
tutions and market failures, and environmental effects of
climate change. Changing climates are foreseen to have
the greatest effect on food insecure areas in Africa and
South Asia where hunger is a persistent problem and
these changes in climate will present new challenges that
may stifle rural development and livestock production
(Thornton ef al., 2007; Global Harvest Initiative, 2013).

At a national level, livestock is a major contributor to the
gross domestic product (GDP) of many developing coun-
try economies, both directly and indirectly. A large

Table 1. Consumption of meat and milk in developing countries
and projected trends.

Year Annual per capita Total consumption
consumption
Meat (kg) Milk (kg) Meat (MT) Milk (MT)
1980 14 34 47 114
1990 18 38 73 152
2002 28 44 137 222
2015 32 55 184 323
2030 38 67 252 452
2050 44 78 326 585

Source: Thornton (2010).

proportion of the rural households in developing countries
own livestock, which are quite valuable financially and
play significant social and economic roles in the communi-
ties (World Bank, 2008; Herrero et al., 2013; Mpofu,
2014). Development of the livestock industry and its future
role in alleviation of household poverty largely depends on
how adaptive the livestock production systems will be to
the changing global environment (Thornton et al., 2007).
According to the 2013 GAP report (Global Harvest
Initiative, 2013), adoption of advanced agricultural tech-
nologies and better production practices are critical for
realizing significant productivity gains in both industria-
lized and developing countries. In order to catalyse live-
stock producers in developing countries to be more
efficient, take advantage of the rising demand for animal
products, adapt to a changing climate, minimize disease
risk and spread, and mitigate undesirable environmental
impacts of livestock, a good understanding of the differ-
ences across livestock production systems is necessary
(Robinson et al., 2011). Characterization studies that eluci-
date the differences in the way livestock are produced in
different places with regard to use of locally available pro-
duction resources are critical for planning and targeting
interventions.

In 2012, the Consultative Group on International
Agricultural Research (CGIAR) implemented a number
of collaborative research programmes to tackle cross-
cutting issues in agricultural development (CGIAR,
2012). One of the programmes aimed to increase the prod-
uctivity of small-scale livestock and fish systems in sus-
tainable ways, thereby making meat, milk and fish more
available and affordable to poor consumers across the
developing world (ILRI ef al., 2011). The first phase of
this Livestock and Fish Programme (L&F) had a focus
on a small number of carefully selected animal source
food value chains in multiple developing countries build-
ing on pre-existing work by ILRI in other countries.
Inclusion of countries in multiple regions was to allow



comparisons and cross-system learning that would support
development of lessons, methodologies and technologies
of wide applicability (ILRI et al., 2011). The dairy value
chain, focusing on a commodity produced by small-scale
farmers across Africa, Asia and Latin America was one
area identified to have a high potential for transformational
improvement. Analysis of this value chain, however,
showed significant productivity gaps, and supply con-
straints that needed addressing (ILRI ef al., 2011). This
paper presents information on dairy production systems
and requisite genetic and breeding technologies that hold
promise for the advancement of global development
goals in countries prioritized for dairy improvement
under the L&F programme, namely Tanzania (East
Africa), India (South Asia), and Nicaragua (Latin
America), in addition to Kenya (East Africa) where ILRI
is involved in research on dairy development through
other projects. Information compiled in this paper has
more general application in the prioritization of long-term
investments in scientific research for the development of
appropriate genetic and breeding technologies to improve
dairy livestock production in developing countries.

Materials and methods

A desk study was conducted to collate information on the
dairy production systems of Kenya, Tanzania, India and
Nicaragua. Information from published literature com-
prised papers spanning both field and experimental studies.
Additional information on the current status of dairy pro-
duction and utilization of breeding and genetic improve-
ment technologies was obtained from other literature,
including government reports, conference and symposia pre-
sentations, and from responses to a structured questionnaire
administered to managers of the dairy and livestock sectors
in the selected countries (listed in Acknowledgement sec-
tion). The questionnaire was developed by the authors for
the current context and included both closed and open-ended
questions.

Data obtained from the literature and questionnaires was
organized to fit into general classifications of dairy produc-
tion systems in developing countries (following Robinson
et al., 2011), taking into consideration specific classifica-
tions used by the ministries responsible for livestock devel-
opment in the respective countries. Production and related
parameters were compared for dairy production systems
found within a country, and, to the extent possible, for
“similar” systems from one country to the other. The
data assessed in this regard included the breeds and num-
bers of dairy animals raised within production systems,
animal breeding technologies utilized in dairy production,
and levels of milk productivity. Country-level information
on the production and populations of milk-producing ani-
mals over the years was obtained from the statistical data-
base of the Food and Agriculture Organization of the
United Nations (FAOSTAT). To understand the context

Dairy production in selected developing countries

in which dairy genetic and breed improvement is occur-
ring; information was also gathered on key organizations
and institutions involved in providing support in the appli-
cation and use of animal breeding technologies in the
countries.

Results and discussion

Trends in animal populations and milk
production

In all four countries, livestock play a significant role in
people’s lives, and positively contribute to the respective
countries’ GDP. Livestock contribute to the livelihoods
of at least 70 percent of Eastern Africa’s rural farmers in
terms of income and diet (Cecchi et al, 2010). In
Tanzania, the livestock sector is estimated to provide live-
lihood support to 37 percent of households engaged in
agricultural production. In 2013, the sector contributed
4.4 percent to the national GDP and accounted for 18 per-
cent the agricultural GDP (National Bureau of Statistics
Tanzania, 2014). From the 2014 national statistics of
Kenya, agriculture is reported to have accounted for 27.3
percent of the GDP, while livestock accounted for 4.9 per-
cent of the GDP (KNBS, 2014). Studies on the livestock
sector in Kenya however indicate that livestock production
is underestimated in the national GDP estimates and actu-
ally accounts for between 10 and 12 percent of the national
GDP (IGAD, 2013; KEVEVAPI, 2014; KALRO, 2015).
Kenya has the most developed dairy industry in East and
Central Africa.

India’s livestock sector accounts for 28 percent of the agri-
culture GDP and 3.9 percent of the national GDP (NDDB,
2013). India is the world’s largest milk producing country
in terms of volume, with a large proportion of the milk
coming from buffaloes relative to cattle (Ahlawat and
Singh, 2005; Gandhi and Sharma, 2005; Rao et al,
2014). The dairy sector in India demonstrated steady
growth during the different phases of “Operation Flood,”
a major initiative in dairy development first launched in
1970 by the National Dairy Development Board
(NDDB). These initiatives over time have resulted in an
increased per capita availability of milk. For example be-
tween 2010 and 2011, per capita availability of milk in
the country increased from 128 to 267 g/day (Rao et al.,
2014). The average milk productivity per animal is how-
ever reported to be low (Gautam, Dalal and Pathak,
2010; Rao et al., 2014).

Agriculture contributes 20 percent of the GDP of
Nicaragua, with livestock accounting for 45 percent
of the agriculture GDP (IFAD, 2014). The Ministry of
Agriculture and Livestock (MAGFOR, 2012) in
Nicaragua estimates that up to 75 percent of the income
for cattle keepers comes from the sale of milk. Table 2
gives a summary of the number of bovine dairy animals
in 2013, and the milk produced within the four countries
in 2012.
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Table 2. Bovine population and milk production statistics within
four developing countries'.

Country Bovine Number of Milk production
species animals (1 000) (tonnes)
Tanzania Cattle 21500 1853
Kenya Cattle 19500 3733
India Cattle 214350 54 000
Buffaloes 115420 66 000
Nicaragua Cattle 3740 765

Source: FAOSTAT (2014).
'The animal population estimates are for the year 2013; milk production
estimates are for the year 2012.

A general overview of the dairy sectors and the key exist-
ing challenges with an economic focus is presented for
Tanzania, India and Nicaragua at http:/livestock-fish.
wikispaces.com/Situational+Analysis+Report.

Cattle and domestic Buffalo population trends in the
target countries

Statistics on animal populations and related parameters as
reported by public sector departments responsible for live-
stock production in the various countries were generated

from the Food and Agriculture Organization (FAO) of
the United Nations’ database (FAOSTAT, 2014). Trends
in dairy cattle and buffalo populations are presented for
India, Tanzania, Kenya and Nicaragua in Figures 1 and
2. India is home to the world’s second largest population
of cattle and half of the world’s buffalo population,
while Nicaragua has the largest cattle population in
Central America (FAOSTAT, 2014). Tanzania has the se-
cond largest cattle population in Eastern Africa (behind
Ethiopia), followed by Kenya (FAOSTAT, 2014). Kenya
has the largest number of dairy animals in East Africa, esti-
mated at 3.58 million (Muriuki, 2011).

Over the last decade, animal numbers have increased in all the
countries, but at different rates. The slowest increase occurred
in Nicaragua (Figure 2). Tanzania has experienced a fairly
constant increase in its livestock population over the years,
while the population of cattle in Kenya drastically increased
between 2006 and 2008 then slowed down thereafter.

Milk production trends in the target countries

Trends in milk production from 2000 to 2013 are presented
for the four countries in Figures 3 and 4. India recorded the
largest volume of milk in all the years, with the milk
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Figure 1. Trends in cattle and buffalo population in India (Source: FAOSTAT, 2014).
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Figure 2. Trend in the cattle populations of Tanzania, Kenya and Nicaragua (Source: FAOSTAT, 2014).
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