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 Breeding is nothing but the breeding strategies or 
plan related to certain breeding objectives and goal. In 
India the sheep and goat occupy 12.7% and 26.4% in 
2012 which was 13.50% and 26.53% during 2007- 
decreasing. If we look further it reveals that goat and 
sheep was decreased by 3.82% and 9.64% by 2012. Not 
only that the decrease of males was higher than 
females- male goat decreased by 7.8% whereas male 
sheep decreased by 16.8%. In this context we also have 
as much as 40 breeds of sheep and 24 breeds of goat in 
India. And if we look the small ruminant production 
system in India we can see that most of the goat breeds 
are maintained in small units by individual farmers 
except some breeds of Orissa, Rajasthan, Gujrat and 
Himalayan breeds whereas the sheep are maintained 
mostly as a flock except in Bihar, West Bengal and south 
Indian breeds. Therefore, the breeding strategy shall not 
be a straight forward and unique for every 
species/breed. Here we will discuss the important 
factors to consider when designing sustainable genetic 
improvement programmes, especially under tropical 
conditions. Previous attempts to launch breeding 
programmes in developing countries have too often 
failed for several reasons, although there are success 
stories to learn from as well. Long-term and simple 
strategies are necessary as is the need to efficiently 
exploit the potential of indigenous breeds. Increased 
productivity per animal or area of land used also need to 
be considered. However, that must be achieved while 
also considering the variable socio-economic and 
cultural values of livestock in different societies or 
regions.  

1.  Animal improvement for increased productivity 

and food availability 

The challenge to increase food production in developing 
countries lies in efficient exploitation of genetic diversity 
among and within breeds of different species. The most 
productive and adapted animals for each environment 
must be identified for breeding purposes. Only then it 
will be viable to increase food production without 
further increasing the number of animals with the 
subsequent effects of land degradation. A production 
system must therefore consider all aspects of the 
resources needed along with the outputs, both positive 
and negative. 
Many breeding programmes for different species in 
temperate climates have shown the opportunities to 
increase the output per animal after a few decades of 
selection. Even more remarkable results, especially for 
meat production with different species, have been 
obtained in well-designed crossbreeding schemes in the 
short-term. These programmes have been favoured by 
resourceful environments and well developed 
infrastructure and markets. Evidence from the tropics 
also indicates acceptable results in well targeted within 
breed selection and crossbreeding programmes. 

The issue, however, is how to design sustainable 
breeding schemes for indigenous breeds under inherent 
tropical conditions (Rege et al., 2011) where resources 
are limited, feed availability and quality varies greatly 
depending on the type, geographical location and 
season, and the demand on animals that are better able 
to adapt to the ever changing environment due to 
climate change is increasing. The critical question is how 
to maximize productivity in these schemes, including 
fitness and adaptive traits, without adversely affecting 
the environment and diversity needed for the unknown 
future. Furthermore, such programmes must be 
developed in the context of prevailing cultural and 
socio-economic conditions, i.e., as parts of the livestock 
use in the total development of a region or community. 
Consequently, aspects of developing genetic 
improvement programmes for tropical conditions are far 
more complex than for breeds in temperate climates of 
the developed world. 
            The value of indigenous breeds in the tropics and 
the requirement of long-term strategies that any 
development of a breeding programme must comply 
with to be sustainable have largely been neglected. 
However, the same genetic principles apply to the same 
species wherever they are. Only methods for application 
will vary and must be adapted to different 
circumstances. Designing a breeding programme is 
much more than genetic theories and increased 
productivity. It is a matter of infrastructure, community 
development and an opportunity for improved 
livelihood of livestock owners through better animals 
and markets for their products.   
This module will, therefore, indicate some general 
principles to consider when designing breeding 
programmes and highlight both genetic and external 
factors and issues that might be of importance 
specifically for tropical farming systems. 

2.  Previous genetic improvement programmes—

Lessons 

        Many attempts to improve livestock in the tropics 
have been made, mainly by ‘upgrading’ with temperate 
breeds in crossbreeding. In this process some improved 
livestock have been successfully produced or introduced 
in favourable areas of the tropics, e.g. in some highland 
areas. However, in maritime climates and in relatively 
intense peri-urban production systems, many attempts 
have failed due to introduction of breeds not adapted to 
tropical conditions, or due to lack of long-term 
strategies for the breeding programme to be 
sustainable. Kosgey et al. (2006); Kosgey and Okeyo 
(2007); Mueller (2006) and Peacock et al. (2011) have 
reported on success and failures for small ruminants, 
while Rege et al. (2011) have discussed what science can 
achieve with regard to pro-poor animal improvement 
and breeding.  
The major problems are: 
• Breeding programmes have been too complex in terms 
of logistics, technology and other resources without 
considering the infrastructure required. 
• Indiscriminate crossbreeding of indigenous breeds 
with exotic breeds without enough consideration of 
environmental conditions for production. There is lack 
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of plans on how to maintain a suitable level of 
‘upgrading’ or on how to maintain the pure breeds for 
future use when crossbreeding contribute to non-
sustainability. High levels of upgrading have generally 
led to animals with lower resistance to diseases and 
impaired ability to withstand environmental stress 
[Philipsson et al, 2005]. 
• Lack of analysis of the different socio-economic and 
cultural roles that livestock play in each situation, 
usually leading to wrong breeding objectives and neglect 
of the potentials of various indigenous breeds of 
livestock.  
• Lack of comprehensive approaches to design simple, 
yet effective breeding strategies in low-input 
environments. 
• Lack of awareness of what genetic improvement 
schemes may achieve in both the short and long terms 
with different methods and species. 
• Lack of maintenance and promotion of breed 
standards (uniformity, colour and body conformation), 
and small population sizes limiting the selection, 
multiplication and stabilization of crossbreds to form 
synthetic breeds. Nondescript breeds are being 
developed because more importance is given to their 
economic, rather than phenotypic, characteristics. 
Success stories include some important features, such 
as: 
• Introduction of productive breeds from other tropical 
regions. The most striking examples are found in Brazil, 
where Bos indicus cattle have become dominant beef 
producers for both domestic use and for the export 
market. 
• Developing a synthetic breed initially based on 
crossbreeding several breeds to find suitable mix of 
indigenous and exotic genes. A well-known example is 
the development of the Sunandini cattle in Kerala, from 
crossing local zebu cattle with Brown Swiss, Jersey and 
Holstein and consistent selection within the crossbred 
population. In this way the most valuable genes for the 
environment in question are conserved in a 
continuously developing ‘breed’. 
• Farmer participation and support of investors. No 
breeding programme will be sustainable unless there is 
adequate farmer involvement. Similarly, it is difficult to 
develop breeding programmes without policy support 
and financial resources. 
However, it is equally important that the development 
programmes have exit strategies that they can sustain 
on their own by being profitable to the farmers and the 
society. 

3.  Some considerations when designing a breeding 

programme 

 

Approaches to consider the potentiality of indigenous 
and better adapted livestock breeds must be 
developed. Realistic ways of improving these breeds 
must be chosen and applied in the context of 
environmental constraints and socio-economic demands 
and within the resources available. The aspects of 
sustainability and provision of future genetic diversity 
are critical. A basic principle should be based on the 
assumption that there is no better way to conserve a 

breed for future generations rather than to consistently 
keep the breed or population viable by using an 
efficient, demand-driven long-term breeding 
programme suitable to commercial or cultural needs of 
livestock owners. In certain cases, it may be important 
to conserve the desired genes and not the genotype. 
Well designed crossbreeding and synthetic breed 
formation programmes can achieve this. Where 
applicable, especially with regard to genes responsible 
for adaptation such as disease and parasite resistance, 
marker-assisted introgression (MAI) would also 
contribute to sustainable conservation of desirable 
genes. 
However, MAI would have to be preceded by 
identification of such genes and a thorough 
characterization and understanding of their functions in 
well-designed functional genomic studies. Such an 
introgression may also be an effect of long-term crossing 
between breeds within an area and where traits of both 
breeds are favoured in the crossbred population. An 
important feature of a genetic improvement 
programme, contrasting to an external input effect, is 
that the effects of selection accumulate over time 
(Figure 1). The economic benefits of selection also 
accumulate. Breeding programmes should, therefore, be 
seen as investments for sustainable improvements of 
the animal stock and the potential to produce food or 
other goods. To realize the benefits of a breeding 
programme, the breeding objectives must be 
appropriately defined for the species or breeds, 
communities and environments concerned, and the 
strategies laid out can be followed in practice. 
Many important circumstances determine the scope of 
opportunities for and constraints to the breeding 
programme. Agricultural and land use policies, market 
information and access, environmental conditions, 
characteristics of animal populations and infrastructure 
available are examples of such factors.  
 

  
         Figure 1. Genetic improvement from selection. 
 

3.1 The agricultural development policy 

3.2 Environment, production system and the market 

3.3 Infrastructure and role of farmers 

3.4 Matching genotypes with the environment—Or the 

other way around? 

3.5 What breeds are or may be available? 

3.5.1 Are small sized breeds less productive than larger 

ones? 

4.  Developing the breeding programme 
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The general framework for developing a breeding 
programme is illustrated in Figure 2. The framework 
includes the previously discussed implications of 
agricultural policies, infrastructure and farmer 
involvement, markets and some aspects on the choice of 
populations available. A breeding programme needs to 
be integrated and its success is largely determined by 
the scope of farmer participation. 
 

 
              Figure 2. Components of a breeding programme. 

In the following sections, different breeding strategies 
are presented and aspects on developing improvement 
programmes at breed level are dealt with. The scope of 
any breeding programme must be set in relation to the 
resources available and the stage of development in the 
region concerned. It must be kept simple and reliable, at 
least initially, rather than sophisticated and vulnerable 
to several prerequisites that cannot be guaranteed 
[Philipsson et al, 2005]. The design may, therefore, vary 
considerably depending on the actual breed, production 
system and other circumstances. Whatever the case, the 
principle of ‘KISS’ (keep it simple to be sustainable) 
should be emphasized at least in the start up phase of 
the breeding programme. 
4.1 What strategy to choose 

       Payne and Hodges (1997) reviewed in detail the past 
developments of genetic improvement 
programmes for cattle in the tropics and what could be 
seen as the major options available for the future in 
seeking sustainable breeding systems. These differ for 
many reasons from the programmes designed for 
temperate breeds in Western countries. In summary, 
five major options are proposed: 
• crossbreeding indigenous breeds with temperate 
breeds without AI 
• improving indigenous breeds 
• progressively substituting the breed with another 
indigenous breed 
• crossbreeding indigenous breeds with temperate 
breeds using AI 
• forming a composite (synthetic) breed. 
          The choice of strategy depends on many different 
factors specific to each situation and can be 
analysed according to the issues indicated by each one 
of the components illustrated. Generally, these options 
should aim at being simple enough to allow programmes 
to be launched without many resources. In most such 
cases, the schemes are based on open nucleus herds 

where the indigenous breeds are kept under selection. 
From these herds, males, either pure bred or crossbred, 
are distributed for use in smallholder or village farming 
systems. In this way, the indigenous breeds chosen for 
improvement will be conserved for the future. 
Depending on breed characteristics, the level of 
management and development one may choose a 
simpler or more advanced scheme. What have largely 
been neglected so far are options 2 and 3 in the bullets 
above. If comprehensive breed characterization is 
undertaken, it would be more likely to find interesting 
indigenous breeds for use far outside their present 
habitats—the success of the Sahiwal breed globally, the 
potential of the Kenana, Butana and N’Dama in Africa 
and the Nelore, Gir and Sindi breeds of Indian origin, but 
further developed in Brazil, deserve special attention in 
this respect.  
Additionally, the additive genetic variation within the 
indigenous breeds seems to be large and has so far been 
little exploited. Formation of synthetic breeds has been 
tried and several breeds of today resulted from such 
practice. It is also an interesting way out of a situation 
when systematic crossbreeding does not work, while the 
incorporation of exotic genes is deemed important. 
However, the advantages of forming a synthetic breed 
from crossbreds must outweigh the loss of heterosis 
that otherwise could be achieved from systematic 
crossbreeding. 
4.2 Defining the breeding objectives at breed level 

            The ultimate goals of a breed at the macro-level 

should be expressed by the agricultural development 
policy, market, production system and the output 
required from the resources available in the system of a 
country, region or locality [FAO, 2010]. At the micro-

level, the definition of breeding objectives means that 
the relative importance of improvement of different 
traits of the breed for a given production environment 
must be determined [Groen i ICAR Tech Series No. 3]. In 
doing so, a long-term horizon of breeding should be 
kept. In cattle breeding, that means at least a time 
horizon of 10–15 years, while in pig and poultry 
breeding the considerably shorter generation intervals 
also allow for shorter time horizons in selection. 
Breeding objectives must be set at the national, regional 
or local level by local stakeholders (and not by outsiders) 
to truly reflect the real needs of the area; farmers must 
support the direction of change (Ahuya et al., 2004; 
Kosgey et al., 2006; FAO, 2010). The conflicts that may 
occur between the long-term goals, expressed at 
national or organizational level and the interest of 
farmers in short-term benefits could be solved either by 
regulations or incentives for participation in a 
cooperative breeding programme. When deciding upon 
a breeding strategy, though, the effects of longer time 
periods must be considered, consequently, when 
evaluating different crossbreeding strategies, several 
generations of selection and mating must be considered 
[Computer exercises: Breeding plans]. 
When determining the relative importance of different 
traits in the breeding objective one may, as an 
alternative to calculation of relative economic weights, 
put restrictions on the change in specific traits or define 
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what the desired gain is in each trait. Whatever the 
choice of method of weighting traits, the following 
additional points must be considered: 
• Although the long-term goals determine the breeding 
objectives and the role of each trait, the short-term 
benefits for farmers must be considered to get good 
farmer participation. 
• In almost all situations, it may be difficult to exactly 
value the change in all desired traits in economic terms; 
fundamental traits must anyway be considered in the 
selection programme, e.g., through independent culling 
or other appropriate methods if the indexing procedure 
does not work or is not the appropriate approach. 
• Special care must be taken in dealing with fitness and 
adaptive traits, especially if antagonistic genetic 
relationships exist between these and primary 
production traits. The issue of whether to directly select 
in harsh environments for adaptive traits in addition to 
such important traits as production, reproductive 
performance and growth, is debatable. As physiological 
adaptability is expressed in performance, does selection 
of animals on the basis of performance alone give 
sufficient consideration to adaptive mechanisms 
involved in maintaining, say heat balance? Generally, 
favourable correlations suggest that adaptability traits 
would not be compromised by emphasizing selection for 
performance (Burrow et al., 1991; Mueller, 2006). There 
are, indeed, indications that selection for performance 
(e.g., reproduction, survival, growth etc.) in stressful 
environments will lead to selection for the most suitable 
animals (McDowell, 1972; Turner, 1984). Besides, as the 
number of traits in a selection programme increases, 
genetic progress that can be made in improving any one 
trait slows down unless the traits are highly genetically 
correlated [Computer exercises: Breeding plans]. 
Additionally, there are no satisfactory estimates of 
heritability of measures of adaptability in these 
populations. Moreover, cooperative breeding schemes, 
considered ideal for genetic improvement of indigenous 
livestock in developing countries, need to be as simple 
as possible initially and should, therefore, avoid 
complicated selection criteria (Kosgey et al., 2006). 
Nevertheless, one should, in most cases, try to focus 
selection on only the most important traits improving 
productivity and fitness for the environment in question.  
In a dynamic breeding programme seeking the optimal 
utilization of the genetic resources available, the 
breeding objectives should be reviewed regularly based 
on what has been achieved so far and on likely long-
lasting changes of the market or agricultural policies 
[Groen in ICAR Tech Series No. 3]; [Weller in ICAR Tech 
Series No. 3]. 
4.3 Pure breeding or crossbreeding? 

An early consideration, related to the choice of breeds, 
is whether the characterization of the indigenous breeds 
available shows that they have the potential for 
required improvement through pure breeding or if some 
kind of crossing with exotics or other tropically adapted 
breeds might be a better strategy. 
The choice of breeding method, pure breeding alone, 
also using crossbreeding or breeding for a synthetic 
breed, is perhaps the most important decision to be 

made when designing a breeding programme. It relates 
partly to the previous discussion on characterization of 
genetic resources, including exotic germplasm being 
available on the international market. Key issues 
include: 
• What are the level of performance and the potential of 
genetic improvement through selection within the 
indigenous breed? 
• What alternative breeds are available for 
crossbreeding and what levels of performance and 
adaptability to the environment could be expected from 
1st and 2nd generation crosses? 
• How important are effects of heterosis for the traits of 
major interest? 
• What are the opportunities for keeping pure bred 
stock of two or more breeds being available for 
maintaining a long-term crossbreeding programme? 
• In the long run, what are the costs and benefits of 
crossbreeding compared to within breed selection 
aimed at improving the same set of traits? 
• Is the formation of a synthetic breed a viable 
alternative to both pure breeding and crossbreeding 
with other breeds? 
Crossbreeding has principally been applied in the tropics 
to exploit breed complementarity. Specifically, 
specialized exotic (mainly temperate) breeds have been 
crossed with indigenous breeds to combine the high 
productivity of the former with adaptive attributes of 
the latter. 
Uncontrolled crossbreeding has been identified as a 
major cause of loss of genetic diversity in indigenous 
breeds, primarily through replacement of pure 
indigenous breeds with crossbreds. However, these 
crossbreds may have provided the base for new 
synthetic breed developments, which thereby could 
carry on valuable genes from the original indigenous 
breeds to future generations. 
On behalf of FAO, Cunningham and Syrstad (1987) 
extensively analysed results from crossbreeding in the 
tropics. Their clear conclusion was that consistent 
improvements in most performance traits were 
achieved in ‘upgrading’ dairy cattle to as much as 50% 
with temperate breeds. Beyond that, results were 
variable. Brazilian studies by Madalena et al. (1990a, 
1990b) support these findings. Results vary according to 
environmental conditions and traits studied. A general 
conclusion is that crossbreeding to produce animals with 
up to 50% of the genes from temperate breeds can be 
recommended where crossbreeding is an option. 
However, the never-ending question has been what 
breed to be used when mating the F1 animals. Usually 
schemes that are too complicated have been proposed 
to maximize the genetic gain, considering both additive 
and non-additive genetic effects. Too often the 
programme has failed due to the practical difficulties of 
running the scheme if sufficient infrastructure is not in 
place. It is important, therefore, to find a simple 
crossbreeding strategy which can easily be followed 
under practical conditions. For simplicity and cost 
reasons (Peacock et al., 2011), it should be based on 
continuous use of the females produced in the herd, 
allowing new males to enter the herd live or by AI. It is 
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based on continuous use of F1 males on indigenous 
females and by time on crossbred females, in village 
herds and allows a maximum of 50% exotic genes to be 
incorporated in the female stock. The strategy is based 
on two cornerstones: 
• A nucleus herd of selected animals of the pure 
indigenous breed is kept for continuous selection within 
the breed and for mating with an exotic breed to 
produce F1 males for distribution to village herds. 
• Crossbred females in the village herds are bred to new 
F1 males from the nucleus herd to produce the next 
generation of females at farm level. 
This strategy leads to animals that on average contain 
50% of the genes from the indigenous breed and 50% 
from the exotic breed. To speed up the programme, F1 
females can be produced directly by using exotic males, 
or semen from these, for mating the females in the 
village herds. If a higher degree of upgrading is desired, 
e.g., 60–65%, then the nucleus herd should produce 
males that initially have 75% exotic genes, but later also 
F1 males for rotational use. The 50% plan is quite 
simple, while the other one starts to become a little 
complicated. If the nucleus herd for some reason fails to 
produce the F1 males, there is an opportunity to 
continue to select both females and males within the 
herd populations established at village level. A synthetic 
breed or population is then underway. However, the 
degree of success will depend on the extent to which 
villagers are involved in the design, implementation and 
review of stages of the performance and pedigree 
recording system(Peacock et al., 2011) 
The advantages of this crossbreeding scheme are: 
• crossbred females are recruited within the village 
farms 
• only crossbred males need to be distributed 
• no risk of too high ‘upgrading’ 
• simple method, requiring minimum infrastructure 
• local breed will be conserved (in nucleus herd), 
genetically superior individual indigenous animals 
resulting from each generation of selection can be used 
to improve a wider population of the indigenous breed 
in production systems and environments where they are 
best suited. If the programme for any reason fails it will 
not lead to erosion of the initial genetic resources, but 
as an alternative, maintain these in a new synthetic 
population. 
The disadvantages are: 
• Heterosis is not maximized (but the complementarity 
of additively inherited traits is exploited, i.e., desired 
traits are selected for and combined). 
• Some segregation in crossbred females may occur but 
this could be counteracted through selection within the 
village herds. 
Overall, it is believed that the advantages of this simple 
scheme by far outweigh the disadvantages mentioned. 
However, inter se mating of F1 animals to produce F2 
animals are less predictable in performance than F1 
animals, partly dependent on breed combination and its 
interaction with the environmental conditions. It is 
therefore advisable to research, or at least carefully 
monitor, the results of each generation before wide-
scale implementation of the proposed scheme. 

The Jamnapari goats of India would play similar roles in 
improving milk and meat production in goats under 
tropical conditions. For beef production, several high 
potential indigenous breeds are available for tropical 
environments, e.g., the Boran cattle in Ethiopia and 
Kenya, Brahman in India, Tuli, and Nguni breeds in 
Zimbabwe and South Africa respectively and Nelore in 
Brazil. The choice of breeding strategy, i.e., pure vs. 
crossbreeding has vast implications at both farm and 
organizational levels and should be based on facts that 
are as extensive as possible [FAO, 2010]. Any change in 
the direction towards crossbreeding from an ongoing 
pure breeding strategy should be preceded by research 
that provides information on performance, reproduction 
and health, including adaptive traits. Such information is 
needed at least for the F1 animals and their backcrosses 
to the exotic breed compared with pure-breds in 
representative environments. Serious attention must 
also be paid to the logistic 
aspects of organizing the crossbreeding programme to 
be sustainable. 
4.4 What type of livestock recording schemes and data 

processing may be available? 

The goal of livestock recording schemes is usually to 
provide farmers with information about individual 
animals for management and for breeding purposes. 
The objective could also be phrased as to provide an 
information system about the livestock, their use, 
performance and development, by both farmers and 
national authorities. The available infrastructure, 
including physical and human resources, will determine 
the type of recording scheme that can be effectively 
implemented. The sort of scheme offered will differ 
considerably depending on the farming structure and 
production system. Early stages of development require 
simple solutions to be sustainable. With time and 
experience, the schemes may be made more 
sophisticated (Kosgey et al., 2011). It is better to start 
recording in a few cooperating herds that can be 
handled well, rather than running a scheme on a wide 
scale that cannot be supervised efficiently. In any new 
recording scheme efforts should be made to 
incorporate, where possible, the existing indigenous 
systems and institutions to ensure quick adoption and 
success. 
Nucleus herd breeding schemes where the selection of 
breeding stock is concentrated in a few herds from 
which the selected animals are spread to other herds, 
are attractive in many developing countries as suggested 
by Smith (1988). They are designed to allow a good 
recording on a limited number of animals and data 
management at reasonable cost, and may be combined 
with the use of efficient reproduction technologies.  
Open nucleus breeding schemes, which also allow 
inflow of high potential breeding animals from other 
herds, have been proposed as ideal for genetic 
improvement in situations with moderate levels of 
management (Smith, 1988; Barker, 1992). A nucleus 
herd programme is used to both conserve an indigenous 
breed and to upgrade the local population (see Figure 
4). 
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Figure 4. Open nucleus herd breeding scheme—basis for 

conserving an indigenous breed 

and upgrading local population. 

As recording schemes include different activities and 
serve various purposes but involve the same farmers 
and animals, the activities must be well integrated to be 
cost-effective and provide the farmer with added 
information [Ramsay et al.]. There are many examples 
around the world where good attempts at recording 
different aspects of the livestock partly lose their value 
as the information is not integrated and fully utilized 
(Wasike et al., 2011); [ICAR Tech. Series No. 1. 1998]. 
Alternative forms of dispersed nucleus breeding 
schemes and modified sire reference schemes have 
been successfully implemented in Latin America and 
parts of Asia (Mueller, 2006). 
4.5 What reproduction technologies are feasible? 

AI has undoubtedly proven its value for genetic 
improvement programmes of several species, but most 
notably in cattle. The success in cattle breeding depends 
on the number of pregnancies it is possible to achieve 
per bull and per year through AI compared to males of 
other species. The utility of frozen semen in cattle is also 
exceptionally good. These advantages have also proven 
beneficial in many developing countries, not the least in 
crossbreeding when genes of exotic breeds have been 
introduced through semen imports. The widespread use 
of AI in the Kenya highlands of East Africa, for example, 
provided the opportunity of introducing milk for school 
lunches in the country as a result of increased 
production of milk from crossbreeds and exotic breeds. 
This technology has also lead to one of the most 
successful smallholder dairy systems in the developing 
world apart from the Indian example (Stall et al., 2008a). 
However, with the sudden change of policy and removal 
of public support, the system simply collapsed. The 
development of Sunandini cattle as a synthetic breed 
through consistent use of AI provided almost a tenfold 
increase in the per capita consumption of milk among 
the people of Kerala Province in southern India [CS 1.40 
by Chacko]. Therefore,  AI has great advantages from a 
genetic improvement point of view through its effective 
dissemination of germplasm and the opportunities for 
strong selection of breeding stock [Philipssonet al,2011]. 
Equally important, this methodology has great 
advantages in controlling or eradicating diseases that 
might be transmitted in natural mating systems. 
However, the use of AI has also failed in many situations 
in developing countries because of the lack of 
infrastructure and the costs involved, such as for 
transportation and liquid nitrogen for storage of semen 

or because the breeding programme has not been 
designed to be [ by Philipsson]. Improper use of AI for 
crossbreeding indigenous cattle with exotics may be 
disastrous when, for example, a longterm strategy lacks 
information on how to maintain the appropriate level of 
exotic genes in an environment that cannot support 
pure exotic breeds. The pros and cons of using AI should 
therefore be critically reviewed for each case before 
designing breeding programmes. 
Another reproduction technology proven to enhance 
genetic progress in many situations is embryo transfer 
(ET). Superior females may be super-ovulated and 
mated with highly selected males to produce embryos of 
high expected genetic merit. Such systems suit nucleus-
breeding schemes well and provide specific 
opportunities for conservation and development of 
minor breeds, for establishment of gene banks and for 
synthetic breed formation. Provided the technique and 
infrastructure are available, it may also be useful in 
developing countries. However, the costs versus 
benefits must be critically evaluated, considering 
actually obtained and not ideal technical results. Use of 
sexed semen, either alone or via in vitro production 
have also been tried, but no commercial success has 
been achieved to date. Scenarios where use of sexed 
semen in combination with genomic selection has been 
simulated by Pedersen et al. (2010), however, the 
results showed non-significant potential genetic gains, 
and even fewer gains are possible when such strategies 
are used in combination with multiple ovulation and 
embryo transfer (MOET) technology. 
4.6 What methodologies for genetic evaluations should 

be applied? 

Tropical regions are endowed with a wide diversity of 
breeds and strains of livestock. Besides, the available 
body of evidence indicates that there is substantial 
within-breed variation in most of the economically 
important traits. Indeed, estimates of heritability of 
these traits in tropical breeds in well-managed 
populations are often either within the range of or 
higher than corresponding estimates from temperate 
regions. Since most populations of indigenous tropical 
livestock have been subjected to only very mild artificial 
selection pressures for productivity, the general trend of 
high heritability estimates is expected. However, the few 
available estimates of heritability for production traits in 
indigenous tropical breeds have invariably been based 
on insufficient data. Furthermore, most of these studies 
have suffered from poor experimental design. These 
factors, and the generally poor animal management in 
these situations, have obviously resulted in large 
environmental variations and biases. Therefore, 
heritability estimates on the lower end of the scale have 
often resulted from large environmental variation rather 
than from small genetic variation. The low reproductive 
performance of tropical cattle may largely be due to 
environmental, mainly nutritional, stresses. 
Nonetheless, estimates of heritability of female fertility 
traits in the tropics, while low to moderate, are usually 
higher than estimates in temperate cattle breeds. 
Another critical component of genetic improvement, 
apart from ‘variation’ is selection intensity. In low-input 
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(traditional) systems, reproductive rates are often so 
low, especially in cattle, and mortalities so high that 
there is hardly any opportunity for selection. Farmers 
invariably have to keep all female animals that survive, 
not because they are the most productive, but because 
they are hardy. Absence of recording is another serious 
constraint, which makes it impossible to undertake 
selection on objective criteria. Selection pressure is 
further compromised in most cases by small herd sizes 
and uncontrolled breeding in communal grazing systems 
(Rege et al., 2011). 
The basic principles for genetic evaluations based on 
pedigrees, individual performance and sib and progeny 
information are, however, always valid. Generally, the 
more information included from the individual and its 
close relatives, the more accurate the estimated 
breeding values will be. However, three points need to 
be made: 
1. The concept of progeny testing as a method for 
genetic evaluation and selection is widely over-
emphasized, especially if the breeding programme does 
not allow a rather high level of infrastructure and 
sophistication and if the populations are small. 
2. Because of the large environmental influences on 
production in many tropical production systems, it is 
tempting to use rather advanced genetic statistical 
methods of analysis of the performance data, i.e., BLUP 
(Best Linear Unbiased Prediction) 
Animal Model, to correctly separate genetic and 
environmental effects and to consider all genetic 
relationships [Group discussion: Breeding programmes]. 
However, using BLUP does not comply with the KISS 
principle! It may therefore be advisable, at least at the 
beginning of a selection scheme, to select just on 
phenotypic values within similarly raised or kept animals 
of the same age. With time, more advanced methods for 
genetic evaluation may be applied. Current progress in 
molecular genetics indicates that information on genetic 
markers associated with specific traits, e.g., disease 
resistance and quality of products, may become useful 
in the future (and would be cheaper) as a complement 
in genetic evaluations, as is indicated in the next section. 
The use of mass selection (animals selected on 
phenotype), including pedigree information, seems to 
provide the best base in many situations for correct 
ranking of potential breeding stock in developing 
countries, especially for animals held in nucleus herds 
with good record keeping. Mass selection is also a 
valuable method for screening animals to form the 
initial nucleus population. Animal identification systems 
that use already existing indigenous traditional 
knowledge and simpler methods such as scoring and 
ranking of only the top 5–10% of animals in the herd, 
where herds are large as in pastoral communities, would 
provide a good avenue for using more accurate genetic 
evaluation methods. Within traditional livestock 
production systems livestock keepers (e.g., pastoralists) 
can identify and rank their stock accurately. Ranking 
methods used within these systems can be documented 
and practically applied if the livestock keepers are 
involved in the design of evaluation programmes from 
the outset (Kosgey and Okeyo, 2007). 

 

4.7 DNA-analyses and genetic marker information 

useful for selection and introgression 

The hitherto most successful proven use of molecular 
genetics in practical breeding programmes relates to 
identification of single genes which in their recessive 
homozygous forms are lethal or bring defects to the 
animal. Successful DNA-tests have been developed for a 
number of such genetic defects, e.g., Bovine Leukocyte 
Adhesion Deficiency (BLAD) and Complex Vertebral 
Malformation (CVM) in cattle, which enable their 
elimination from the populations in question. BLAD, an 
immune deficiency, and CVM, a vertebra malformation, 
are defects widespread in the Holstein cattle breed 
caused by recessive genes. In both cases, carrier bulls 
had been used widely around the world before the 
defects were discovered [See OMIA] or the website 
(http://omia.angis.org.au/). Current progress in 
molecular genetics has also shown that information on 
the genetic background of quantitative traits will be 
available to an increasing extent in livestock. Recent 
developments, following the sequencing of whole 
genomes of several species, have opened up completely 
new opportunities. By correlating the DNA information, 
single-nuclearpeptides (SNP), in the chromosomes with 
phenotypic information of the same animals it is 
possible to develop regression formulas for prediction of 
breeding values of future animals. 
Thus, breeding values can be predicted for the newborn 
animal with an accuracy almost twice as high as that 
obtained with just pedigree information. The gain is 
larger for traits with low heritability than for those with 
high heritability. Practical use of the methods began in 
2009 in dairy cattle breeding, but it is still difficult to 
evaluate the efficiency of the methods practised 
(Reents, 2010; Wiggans et al., 2010; Weigel., et al., 
2010). Four important pre-requisites must be 
mentioned: 
1. In order to develop the regression formulas to predict 
breeding values of future animals it is necessary to base 
these calculations on large sets of population data on 
phenotypic information of all traits for which breeding 
values are going to be predicted. So far, when using 
panels of 50K SNPs in dairy cattle several thousands of 
bulls with accurately estimated breeding values have 
been needed in the so-called reference or training 
populations which contain both SNP information and 
breeding values based on phenotypic records. 
2. Due to selection based on SNP information the 
prediction formulas need to be regularly revised. Thus, 
continued phenotypic recording of important traits is 
still needed. 
3. Results for one breed are not directly applicable in 
another breed, i.e., data and prediction formulas need 
to be developed for each breed where the methodology 
is going to be practised. 
4. Although costs for genotyping individual animals are 
rather high they will most likely reduce, but will still be 
high for large-scale use. 
A specific area of use of genomic evaluation is for 
parentage testing. Also, in cases where no pedigree 
information is available it may be possible to determine 
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the genetic relationships among animals in a population, 
provided enough SNPs are available for the analysis. The 
area of genomic evaluation and selection is under very 
rapid development, not least the technical tools to use. 
The use of SNP panels of variable size will be available, 
e.g., panels with 3K for screening purposes as well as 
800 SNPs for more accurate predictions in dairy cattle. 
Also whole genome evaluations are in the pipeline 
(Interbull Bulletin 41, 2010). Whatever happens, no 
progress in the use of genomic selection is possible 
without accurate phenotypic records of large 
populations. That is why it is still urgent to develop 
livestock recording in the developing world. 
Previous research and use of molecular genetic 
information has focused on identification of quantitative 
trait loci (QTL) for economically important traits in many 
different species and breeds. Thus in some cases, 
information on QTL (Module 4, Section 6) added 
valuable information to breeding programmes by so-
called marker-assisted selection (MAS). Its greatest 
impact in practical situations was expected to be where 
phenotypic information is limited, e.g., when the 
heritability of the traits in the breeding goal is low, when 
the trait is expensive to record, when the traits cannot 
be recorded on all individuals (sex-limited traits, carcass 
traits and disease traits). When QTL has been located 
accurately, marker information can be used in the 
genetic evaluation of individuals even if the gene itself is 
not pinpointed. Potentially, MAS can increase genetic 
progress by increasing accuracy of evaluations, by 
increasing selection intensities and by decreasing 
generation intervals (Dekkers, 2004; Cole et al., 2010). 
For dairy cattle, for example, several different breeding 
schemes using MAS have been proposed (reviewed by 
Weller, 2001; Meuwissen, 2005). A recent review by 
Marshall et al. (2011) and results of a study by Bennett 
et al. (2010), show that unlike gene assisted selection 
(GAS),  
MAS could be of limited application in some traits, 
especially in dairy and beef cattle. However, MAS has 
potential application in poultry, pigs and beef cattle 
breeding. In progeny testing schemes marker 
information can be used in addition to phenotypic 
information from the daughters of sires and for pre-
selection of young bulls before entering progeny test. 
These advantages are even more obvious with genomic 
selection as this method makes use of not only QTLs but 
also all small genetic effects of the other loci in the 
genome. 
Introgression is a breeding strategy for transferring 
specific favourable alleles from a donor population to a 
recipient population. This would, for example, be of 
great interest for genes responsible for disease 
resistance, which could be introgressed into a 
susceptible but otherwise economically superior breed. 
The strategy has two components: 
• fixation of the favourable alleles in the recipient 
population 
• reduction or elimination of the rest of the donor 
genome from the recipient population. 
Crossing the donor and recipient population produces 
an F1 generation. Thereafter, a series of backcrosses to 

the recipient population is performed, but in each 
generation only individuals that carry the favourable 
donor allele are selected to produce the next BC 
generation. After a number of back crossings, the 
progeny are inter-crossed and a population that is 
homozygous for the donor allele is obtained. The higher 
number of BC generations before the inter-cross and the 
larger proportion of the genome will then be from the 
recipient population. When the gene to introgress is 

 
a QTL, genetic markers must be used to identify the 
favourable donor allele. Markers can also be used to 
identify the origin of the remaining genome and 
therefore decrease the number of BC generations 
needed. The DNA-based marker identification 
technology is becoming cheaper with time thus enabling 
MAI to become affordable, even under low-input 
production systems, so long as the breeding programme 
is effectively organized.   Such a MAI scheme is shown in 
Figure 5. Under tropical conditions, there are presently 
two obvious candidate traits for MAS and MAI-
trypanotolerance in African cattle and helminth 
resistance QTL in sheep. Several QTL related to 
trypanotolerance have been detected in an 
experimental cross between the trypanotolerant breed 
N’Dama (B. taurus) and the East African Boran (B. 

indicus) as reviewed by van der Waaij (2001), while 
helminth tolerance QTL in sheep is currently being 
studied at ILRI in experimental crosses between the 
helminth tolerant Red Maasai breed and the susceptible 
Dorper sheep breed. These QTL, if found to be of 
substantial influence, could be used for MAI, MAS or 
GAS if the associated genomic area/SNPS were to be 
identified; they could also be used in a combined 
introgression and selection programme. A drawback 
with a pure MAI programme is the large number of 
individuals required, and ensuing high costs, when 
several QTL are to be introgressed. There is also a 
possibility that other advantageous genes besides the 
mapped QTL or positive gene combinations are lost 
when the donor genome is eliminated. This loss of 
genes/gene combinations is also a risk when only 
marker information is used for selection within a breed 
or in a hybrid population; use of MAI and MAS in 
addition to conventional methods is therefore 
recommended. However, an important advantage with 
QTL information for resistance to diseases is that 
animals can be selected without exposing them to 
infection. That is, individuals or embryos that carry the 
required genes can be selected as early as immediately 
after conception. The individuals or embryos can be 
further tested for the other desirable genes for high 
growth, carcass quality etc. soon after birth. 

5.  Measures to conserve threatened breeds 
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FAO has defined population sizes at which breeds could 
be labelled endangered and at risk of extinction. 
Although, such numbers need not be taken literally, they 
provide useful guidelines. To prevent breeds from 
becoming extinct, various measures are recommended. 
In situ conservation schemes involve support of live 
populations of such size that viable breeding 
programmes should be possible to maintain, while 
avoiding inbreeding problems. The aim of ex situ 

conservation schemes is twofold: maintaining gene 
banks by cryopreservation (semen and embryos) and, if 
possible, maintaining the remaining small populations 
(see FAO, 2007a; FAO, 2011). As the effects of breeding 
programmes are determined on a long-term basis, it is 
quite important to continuously monitor changes in 
population sizes and immigration of genes between 
populations. The Global Strategy for the Management of 
Farm AnGR provides a technical and operational 
framework for assisting countries as laid out in chapter 
3.4. Additionally, FAO has developed a communication 
and information tool, the Domestic Animal Diversity 
Information System [DAD-IS], to implement the Global 
Strategy [FAO, 2007b-GPA]. The objective of DAD-IS is to 
assist countries and country networks by providing 
extensive searchable databases, tools, guidelines, a 
library, links and contacts for the better management of 
all AnGR used in food and agriculture. That way, it would 
be possible to effectively apply certain measures to 
conserve threatened breeds. However, for the systems 
to work, the country-level participation must remain 
highly proactive and professional and use participatory 
approaches with livestock keepers, Otherwise, one may 
consistently get stuck with projects aimed at rescuing 
the remaining small number of animals of a breed, but 
at a stage when it is too late to develop the breed. 
As stated initially in this discussion, there is no method 

more efficient for conservation and 

sustainable development and use of a breed than 

keeping it commercially or culturally 

interesting for present and future generations! 
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INTRODUCTION:  
Animal Husbandry plays an important role, as 
contribution of this sector in terms of GDP is 4.1%, to 
the National rural economy. India has huge livestock 
population of 512 million, which mainly includes cattle, 
buffaloes, goats, sheep and pigs etc. This is one of the 
largest sectors which consist of sheep (7.14%), goats 
(17.93%), pigs (1.2%) etc. (19th Livestock census, 2012).  
During the last inter-censual period, there was severe 
decrease in the population of sheep, goats and pigs by 
9.07%, 3.82% and 7.54%, respectively, though the small 
animal like-Goat, Pig, Sheep contribute 16%, 8% and 7% 
of total meat production, (BAHS, 2014).. The availability 
of meat in India is only about 15g/person/day against 
the ICMR recommendation of 30g/person/day. The 
small livestock are principally maintained by poorer 
section of the community as a source of rural livelihood. 
These provides a major source of supplementary income 
for a large majority of rural households and more 
importantly provides sustenance to rural pro-poor, less 
educated farm families. However, this sector appears to 
have been most neglected in terms of systematic 
development through advanced scientific practice in 
terms of their-conservation, breeding, feeding, 
management & health care practices. So, Improvement 
of this small livestock system is an important pathway 
for increasing the income of marginal, small farmers and 
landless labourer’s for better sustenance of rural 
economy of India. The livestock Extn. Education plays an 
important role in this context to empower the farmers 
with appropriate technological knowledge-attitude-skills 
(KAS) through various Extn. Education, communication 
and advanced extension methodology.  
 

EXTENSION EDUCATION & LIVESTOCK FARMING:  

The National Commission on Agril. (1976) refers to 
Extension as an out of school education and services for 
the members of the farm family and others directly or 
indirectly engaged in farm production to enable them to 
adopt improved practices in production, management, 
conservation and marketing. This involves the conscious 

use of communication of information to help people to 

form sound opinions and make good decisions (van den 

Ban and Hawkins 1996). The main objective of all 
extension work is to teach people living especially in 
rural areas how to raise their standard of living by their 
own efforts, using their own resources of manpower 
and materials with the minimum assistance from Govt. 
(Paul Leagans, 1960). 
LIVESTOCK EXTENSION involves systematic and 
organized communication with livestock owner with a 
view to helping them in such a way that the livestock 
owner obtain a better insight into their present and 
future position as livestock owner; acquire suficient 

knowledge and skills necessary to increase production 
or reduce cost of production; develop positive attitudes 
of livestock development, able to choose feasible and 
optimum objectives; able to identify problems, look for 
solutions, solve the problems identified; and Evaluate 
the results within the farming system situation in which 
they are operating. Livestock Extension alone is seldom 
sufficient to increase animal production. This cannot 
operate in stand-alone situation, as it needs the support 
of various institutions and several groups of people. In 
addition to livestock extension, the other elements 
required for increasing animal production are-
remunerative market, assured water and electricity 
supply, local availability and accessibility of inputs such 
as feeds, medicines, vaccines, technical services and 
equipments, roads, transportation, storage facilities, 
credit supply and appropriate policy on animal 
husbandry.  
TARGET GROUPS IN LIVESTOCK EXTENSION: Livestock 
development involves a number of target groups with 

whom the extension agents need to work with. These 
groups include; 
1. Livestock owners: All those who own livestock 

(dairy farmers, sheep and goat keepers, poultry 
farmers, etc.) 

2. Livestock service providers:  A.H. dept. personnel, 
Marketing institutions like Milk Cooperatives, 
APEDA,  Training institutions like KVKs, NGOs, 
Research / Academic institutions –Veterinary 
Universities/ Colleges, ICAR animal science 
institutes, Bankers, Insurance agencies etc. 

3. Input suppliers: Semen banks, feed mixing plants, 
pharmaceuticals, vaccine     production units, 
Livestock product processing units,  Fodder seed 
production units, Agro related industries etc. 

4. Policy makers:  Min. of Agril. & A.H, Secretaries of 
AH organisations, Senior officials of AH 
Department, Milk Federations, Researchers, 
Farmer organisations etc. 

COMMUNICATION IN LIVESTOCK EXTENSION:  

The most important challenge in communication of 
livestock technologies is to find out ways and means to 
convey the messages to the livestock farmers in an 
effective manner which enable them to take appropriate 
decisions on adoption of the technologies. To meet this 
challenge, it is important to understand the 
communication process, extension teaching methods, 
AV aids and their usage for effective communication. 
The word communication originated from the Latin 
word “Communis” which means common. Leagan’s 

defined communication as a process by which two or 

more people exchange ideas, facts, feelings or 

impression in such ways that each gains a common 

understanding of the meaning and use of messages. 
Through communication, an individual shares his idea, 
information and knowledge with others. A good 
communication is the one which conveys the receiver 
what exactly the communicator wants to convey. A good 
communication depends upon the communicator’s 
ability to organize the message with proper treatment in 
suitable channel keeping in view the receiver’s type, 
cognitive ability and experience. 
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KEY ELEMENTS OF COMMUNICATION: There 
are several models to explain the concept of 
communication. There are six important elements 
involved in the communication process. The six key 
elements are: Communicator-Message-Channel-

Receiver-Feedback & Effect. In Extn. Edun. Element 
‘effect’ can be called as ‘impact’. Brief meanings of key 

elements are as follows. 

1.Communicator 

: 
is the person from whom the 
message originates. 

2.Message 

: 
is the information or the meaning 
the communicator wants to convey. 

3.Channel 

: 

is  the media through which  the 
communicator sends/conveys his 
Message 

4.Audience 

: 
is the receiver  of the message or to 
whom the message is sent. 

5.Feedback 

: 

gives details about audience 
response to the given 
communication process. 

6.Effect or 

Impact 

: 

is the end  result of the 
communication. It is the change that 
has taken place with the receiver 
due to the communication. 

MOTIVATION is a used to explain people’s behaviour 
and gives the reason for people's actions, desires, and 
needs. It can also be defined as one's direction to 
behaviour, or what causes a person to want to repeat a 
behavior and vice versa. This can be divided into two 
different theories known as intrinsic (internal/inherent) 
and extrinsic (external) motivation. 
INTRINSIC MOTIVATION: It is the self-desire to seek out 
new things and new challenges, to analyze one's 
capacity, to observe and to gain knowledge. It is driven 
by an interest or enjoyment in the task itself, and exists 
within the individual rather than relying on external 
pressures or a desire for consideration.  

EXTRINSIC MOTIVATION: It refers to the 
performance of an activity in order to attain a desired 
outcome and it is the opposite of intrinsic motivation. 
Extrinsic motivation comes from influences outside of 
the individual. In extrinsic motivation, the harder 
question to answer is where do people get the 
motivation to carry out and continue to push with 
persistence. Usually extrinsic motivation is used to attain 
outcomes that a person wouldn't get from intrinsic 
motivation. Common extrinsic motivations are rewards 
(for example money or grades) for showing the desired 
behavior, and the threat of punishment following mis 
behavior. Competition is an extrinsic motivator because 
it encourages the performer to win and to beat others, 
not simply to enjoy the intrinsic rewards of the activity. 
A cheering crowd and the desire to win a trophy are also 
extrinsic incentives.  

EXTENSION TEACHING METHODS: Teaching 
methods may be defined as the devices used to create 
situations in which communication can take place 
between the instructor and the learner. An 
understanding of different extension teaching methods 
help the teacher to select an appropriate method which 
suits his subject matter to be delivered and the type of 
audience involved in the learning process. It is, however, 

understandable that every method has certain 
advantages and disadvantages and there is no one single 
method which suits all the situations. Research indicates 
that aids used in combinations are always better than 
any one type of aid used alone. For better 
communication of ideas or technologies extension 
workers have to use the combinations of teaching 
methods, and AV aids as visual and auditory senses 
together aids a faster learning. 
 

CLASSIFICATION OF EXTN. TEACHING METHODS 

(WILSON & GALLOP): Extension teaching methods are 
classified into two different methods based on use and 
form.  

a) ACCORDING TO USE:  

I) Individual contact Method: Farm & Home visits 
Office calls, Telephone calls, Personal letters, 
Informal contexts etc. 
 II) Group contact Method: Method Demon, Result 
Demon., meetings, Leader Trg. meetings, Lecture 
meetings, Conferences, Tours, Workshop, 
Symposium, Brain storming, Debate etc.  

    iii) Mass Contact Method: Radio, TV, Posters, 
Campaigns, Exhibitions, Cattle shows/ calf rallies, 
Motion pictures, PA system, Farmers fair etc. 

b) ACCORDING TO FORM:  

i) Written Methods: Newspaper, Circular letters, 
Advisory letter, Leaflets, Folders, Pamphlets, Bulletins, 
and Newsletters etc. 
ii) Spoken Methods: Farm and Home Visits, Hospital/ 
Office Calls, Telephone ///calls, Meetings, Radio, Tape 
recordings etc. 
iii) Visual Methods: Exhibitions, Flash cards, Flannel 
graphs, Flip books, Posters, Charts, Slides, Photographs, 
Black board, Result demonstration, Slide projectors, 
OHP etc. 

a) Projected aids: Movie films, Film-strips, Slides, 
Over-Head Proje Opaque Projector material, 
material and LCD projector. 

b) Non-projected visual aids : Photography Flash 
cards, Flip charts and Strip charts, Blackboards 
and Magnetic boards, Flannel graphs, and  
boards, Diagrams, illustrations and Felt 
Graphs, Specimens, samples and Models, 
Displays, Display  boards 

iv) Audio Visual Methods: Method demonstration, 
/Result Demonstration, Television, Motion pictures, 
Campaign, Multimedia projector, puppet shows, 
drama/songs etc. 
LIST OF AIDS CURRENTLY IN USE 
Aids   Getting   

Replaced   Or Aids Currently In Use 

Becoming Obsolete  

Wall posters 
Digital   cut   outs,   banners, 
collapsible banners 

Slide projector Multi-Media projector 

Black board White marker board 
16 mm film projector / 
film strips Multi-Media projector 

Epidiascope Direct projector 

SLR camera Digital camera 
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Radio Television(TV) 

VCP/ VCR CD player 

Telephone / land line Mobile phone 

Personal letters E mails 
Two dimensional 
pictures Three dimensional pictures 

Meetings/ discussions Audio/ Video conferencing 
 

ADVANCES IN LIVESTOCK COMMUNICATION 

TECHNOLOGIES:  The newer technologies in 
communication system are as- Expert Systems (ES), GIS, 
Databases (DBS), Compact-Disc-Read Only Memory (CD-
ROM), Networks, E-Mail, Electronic Bulletin Boards 
(EBB), On-line Service (OLS), Electronic Journals (EJS), 
ICTs, Kiosks, Teleconferencing and Electronic 
Information Retrieval System (EIRS) etc. Brief of these 
technologies are discussed hereunder. 
GEOGRAPHIC INFORMATION SYSTEM (GIS): GIS is 
computer assisted methods and procedures for the 
capture, storage and analysis of data having location or 
geographic properties and the display of the results in 
the graphical form. GIS can be positively explored to 
plan and implement ecologically sustainable, 
economically viable, socially acceptable TOT 
programmes for an equitable use of global land 
resources. This GIS dimension in the modern extension, 
therefore, helps to overcome such difficulties in 
planning need based system specific extn. programmes. 

EXPERT SYSTEMS: Expert systems are 
computer programmes that emulate logic and problem 
solving proficiency of a human expert. Like human 
experts they can also use heuristics, a problem solving 
technique that uses experience based rules of thumb to 
arrive at appropriate solutions. Expert systems are 
advantageous in the sense that, they bring performance 
to the expertise of an expert and at once they can be 
easily duplicated unlike in case of the human experts. 
Perhaps the most significant merit of expert systems is 
that they combine the expertise of several experts in the 
field. This is particularly useful for the present day 
context of multidisciplinary approach. Example of the 
expert systems developed in this line are Poultry Expert 
System (dtraju@yahoo.com), COUNSELLER (to manage 
insects & diseases on wheat) etc. 
TELE AND AUDIO CONFERENCING: Satellite 
communication has revolutionized the communication 
process and made the interaction among people located 
at different places possible at a point of time. Satellite 
technology links the communicator with his audience 
located at different places and makes the two way 
communication possible. A farmer in Haryana can 
directly interact with the group of experts available at 
AIR or Doordarsan studio or research institutes to clarify 
his doubts. Such type of tele or audio interacts are being 
used successfully by ICAR in linking the farmers with 
experts over a wide range of issues. The Tele and audio 
conferencing is a boon to the extension communication 
as it facilitates direct interactions between the scientists, 
extension workers and farmers irrespective of their 
locations and distance. 
CYBER EXTENSION & ICTs IN EXTN. SYSTEM: Cyber extn 

refers to the process of extn done over cyber space. 
Cyber space refers to the virtual space of interconnected 
networks over the globe which provides connectivity 
round the clock. ICTs make this possible over the cyber 
space. In recent years, cyber extn has gained popularity 
and successful cyber extn initiatives were taken up by 
both public and private sectors in India. India is having a 
population of more than one billion with more than 18 
languages and 1650 dialects. ICTs can play a dominant 
role in making information at right time in right place at 
a reasonable cost. With the shift towards an information 
society, the role of ICTs such as email, cell phones, 
WWW and kiosks promise to provide innovative 
solutions to the problems of poverty and inequality by 
accelerating development through introducing 
transparency to the systems and operations.  
 

CYBER LIVESTOCK EXTENSION: Cyber space is the 
imaginary or virtual space of computers connected with 
each other on networks, across the globe. Thus 
computers can access information in the form of text, 
graphic, audio, video and animation files. Software tools 
on networks provide facilities to interactively access the 
information from connected servers. Livestock extn 
relates to the process of carrying the technology of 
scientific A.H. to the livestock owner to enable him/her 
to utilize the information in making appropriate 
decisions to improve the production of animals and thus 
improve his / her economy. Livestock extn services seek 
to impart the necessary skills to the farmers for 
undertaking improved A.H. operations, to make 
available timely information and improved practices in 
an easily understandable form suited to their level of 
literacy and awareness and to create in them a 
favourable attitude for innovation and change (Benor 
1984). Extension is the on-going process of transferring 
the useful information to the people and then assisting 
them to acquire the necessary KAS to utilize effectively 
this information or technology. Thus Extension is the 
central mechanism in the livestock development 
process, both in terms of TOT and HRD (Samanta 
1993).Applied A.H., cyber extn means using power of 
online networks, computer communications & digital 
interactive multimedia to facilitate dissemination of A.H. 
technology. Cyber Extn includes effective use of ICT, I 
networks, Internet, expert systems, multimedia learning 
systems and computer-based trg. systems to improve 
the access to information on livestock research to the 
extn. workers, scientists, managers & livestock owners. 
 
LIMITATIONS OF TRADITIONAL LIVESTOCK EXTENSION 

SYSTEM:  To appreciate the question of what really 
makes cyber livestock Extn, it may be helpful to take 
look at some of the limitations of traditional livestock 
Extn techniques: 
� It is expensive, Time consuming &  Distortion, Poor 

communication capacity & Neglect of extension in 
livestock development  

 

 

POTENTIAL ADVANTAGES OF CYBER LIVESTOCK 

OUTREACH:  
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� Save money, time and effort, Cut steps in the 
diffusion process 

� Information rich and interactive, Instant 
international reach, Continuous availability  

 

ICT INITIATIVES IN A.H. & DAIRYING IN INDIA:  
Some of the successful ICT initiatives taken up 

under different projects in India are as: The Warna 
Wired Village Project providing Internet access to 
cooperative societies spread in 70 villages of 
Maharashtra. The aim is to provide information to the 
villagers by establishing networked booths in the 
villages. The Information Village Project of M.S 
Swaminathan Research Foundation (MSSRF) established 
a hub of information network, in Villianur village 
(Pondicherry ) to cater to the information needs of the 
rural people. It is aimed at bringing the benefits of 
modern ICTs to rural families in Pondichery. The DAH&D 
has already established a LAN with 230 nodes at Krishi 
Bhawan, New Delhi with Internet access through NICNET 
gateway. An ICT Learning (e-Learning) Centre has also 
been established to provide on line internet access. 
Dairy Information and Services Kiosk (DISK) is one of 
the successful initiatives taken up by Gujarat 
Cooperative Milk Federation Ltd (GCMFL) with the help 
of IIM, Ahmedabad. ‘DISK’ model includes a complete 
history of milk cattle owned by the member farmers. It 
resulted in the removal of incentives to adulterator, 
reduced the time for payments and instilled confidence 
in farmers on cooperative set up. NDDB has established 
“AKASHGANGA” which provides total integrated 
solution for automatic milk collection. The CIRG, UP has 
developed e-mail Conference System for Goat Outreach 
on its goat-nic.in server using free software called 
'Majordoma' which is available on www.greatcircle.com 
on a free Linux operating system. Three e-mail 
conferencing systems, viz., mail to: goat-

net@cirg.nic.in., livestocknet@cirg.nic.in and  

fishnet@cirg.nic.in have been launched by the institute 
to help information inflow among technologists, 
farmers, development officers and planners. Under A.H. 
Project funded by Dept. for International Dev. (DFID), 
RAGACOVAS, Pondicherry in collaboration with 
University of Reading, UK, has designed an interactive 
touch screen information Kiosk. A similar attempt was 
made in developing a touch screen I kiosk on dairy cattle 
mgmt. by TANUVAS, Chennai. RAGACOVAS also 
developed an I. kiosk on mgmt. of goats for the benefit 
of the goat keepers under RIF project in collaboration 
with MSSRF. 
ICT EFFORTS OF ICAR AND GOVT. OF INDIA:  

• IP-Telephony and Video Conferencing at ICAR 
Institutes/ HQs. V-SAT Connectivity to 192 KVKs and 
eight ZPD through ERNET-KVK, ICAR Network. 

• Upgrading ICAR-ERNET network involving all ICAR 
Institutes and SAUs under on-going NAIP Project 
Component.  

• Kisan Call Centre: Dev. by Min. of Agril., GOI, can be 
used by farmers anywhere in the country to access 
the information on agril.  & allied subjects by Toll 

free No. 1800-180-1551 
 

 NATIONAL GOALS AND DIFFERENT EXTENSION 

APPROACHES: Extn programme must address the 
national goals. Swanson (2008) outlined 03 important 
agricultural development goals at national level and the 
objectives of the Extension and advisory system to 
accomplish the national goals. These goals are- 
i) National food security  ii) Improving rural livelihood 

to reduce poverty and food insecurity  
iii) Sustainable use of natural resources within the 

country.  
To accomplish these goals, the Extension system 

(whether Agril/ livestock Extn.) needs to be focused on 
the below mentioned 04 objectives: 

• Technology transfer, especially for improving the 
production of food grains, milk, meat, eggs, fish etc. 

• Human capital development, especially the skills 
that poorly educated farm households need to 
increase farm income, 

• Building Social capital development or getting 
farmers organized into producer groups or other 
types of farm organizations to carry out specific 
activities and  

• Educating farmers to utilize sustainable natural 
resource management practices.  

• These national goals and extension objectives are as 
relevant to India as to any other developing nation.  

• Today, India cannot boast of self-sufficiency in 
staple foods and livestock products mainly due to 
monsoon failure, droughts, floods, shifting of staple 
to commercial crops, improper policies, turbulent 
markets, farmers losing interest in A.H. etc.  

• It is in this context the extn. Services need to be 
innovative in their concept, objectives & 
approaches. 

 

DIFFERENT EXTENSION APPROACHES: For better 
participation of the Pro-poor Livestock farmers and yield 
expected results, present day extension system needs 
sustainable, need based, innovative attempts. Some of 

the approaches which focus on farmer participation are 

as: 

� Livelihood, Group  & Market Driven  Approach 
�  Participatory &  Entrepreneurial Dev. 

Approach 
�  Multi-Disciplinary  & Farming Systems 

Approaches  
National Commission on Farmers stressed the 

relevance of linkages as….’ Livestock Farmer 

Participation & feedback should become an integral part 

of Agril resource & TOT processes.  
DIFFERENCES BETWEEN TOT & PARTICIPATORY 

EXTENSION 

PARTICULARS 

TRANSFER OF 

TECHNOLOGY 

(TOT) 
PARTICIPATORY 

EXTENSION 

Main objective 
transfer of 
technology empower farmer 

Analysis of needs 
& by outsiders 

Farmers  

facilitated  by 

priorities  outsiders 
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Transferred by 
outsiders 

“commandments”, 
messages 

Principles, 
methods 

to farmers 
package of 
practices basket of choices 

The menu fixed 
according to 
choice 

Farmers 
behaviour 

hear messages and 
act on 

use methods 
apply principles 

 
Commandments 
adopt, 

choose from 
basket & 
experiment 

 
adapt or reject the 
packages  

Outsiders‟desired
widespread 
adoption of 

wider choices for 
farmers, 

outcomes 
emphasis package 

farmers‟ 
enhanced, 
adaptability 

Main mode of 
interaction 

Extension worker 
to farmer farmer to farmer 

Roles of 
extension agent teacher & trainer 

facilitator searcher 
for and 

  provider of choice 

            Source: 

Chambers (1993)   
GLOBALISATION ISSUES & LIVESTOCK EXTENSION: 

International competitiveness in livestock products will 
be influenced considerably by the preparedness of 
individual countries to take advantage of the 
opportunities opened up by the agreements under 
Uruguay round. Supply and demand forecasts for milk 
and meat in India by both IFPRI and Govt. of India 
indicate that there will be modest surplus even in 2020, 
in spite of increase in local demand due to population 
growth, growing urbanization, increasing affluence and 
changing life styles, enabling limited but significant 
international trade. Since the livestock production 
system in India is entirely labour intensive, relying on 
the use of family labour, local competitiveness depends 
on low opportunity costs for labour, the value captured 
from non-food farm outputs like crops residues and 
manure and the opportunity for capital accumulation in 
the form of livestock. The international competitiveness 
of Indian livestock products-particularly milk and milk 
products assessed on the basis of Nominal Protection 
Co-efficient (NPC) indicates that ghee is slightly 
competitive while milk powders are not. This 
calculation, however, does not take into account market 
distortions on account of overt and covert subsidies by 
the major exporting countries. Meat prices in India and 
their NPC indicate fairly high international 
competitiveness. However, they lose out on Sanitary 
and Phyto Sanitary (SPS) standards and have only 
limited markets confined to West, South and South East 
Asia. Ensuring quality standards and freedom from 
annual epidemics are pre-conditions of the guaranteed 
market access. Small holder production system often 
faces difficulties in capturing the economics of scale in 
marketing, input supply and services delivery. Livestock 
Extension education plays an important role to make the 
livestock products quality specific and cost effective. 

Role of livestock Extn. Education in this direction is: 

� Training of farmers and Entrepreneurs on export 
quality standards & Phyto-sanitary aspects, Fair 
Average Quality Standards (FAQ) for livestock 
products  

� Sensitization training to middle level Extn 
functionaries to improve their technical and 
professional Knowledge-attitude and skill(KAS), 
Market intelligence through IT  and  cyber extension.  

� Educating the farming community and industry, the 
anticipated implications of the WTO agreement and 
lend a helping hand in building confidence and 
converting the challenges into opportunities in 
global trade.  

� Conducting Livestock Extn.  Education prog.  on 
Good  Agril.  Practices (GAP), Good Lab. Practices 
(GLP) Good Manufacturing Practices (GMP).  

� Capacity building in the areas of understanding 
WTO, SPS, legal issues of SPS, food safety, risk 
analysis, disease diagnosis etc. is the prime areas of 
importance for the livestock Extension education 
system.  
 

CONCLUSION: Livestock farming plays an important role 
in ameliorating the poverty as livestock not only 
provides income but also food security, financial 
security, employment and ultimately as a livelihood 
avenue of rural Prop-poor sector. This is the reason why 
the Govt. of India has been embarking upon on livestock 
dev. programmes as a means to improve the livelihoods 
of poor people especially the landless labour and 
landless owners who depend on livestock for their 
livelihoods. So, Sustainable livestock dev. thru advanced 
ICT based extension system is felt need of the present 
day, without compromise ability of future resource poor 
generations in India. 
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PROCESS OF CONSERVATION OF SMALL 

RUMINANTS 

Subhransu Pan 
Professor, Livestock Production Management, 

W. B. University of Animal and Fishery 
Sciences,  Kol-700 037 

span28@rediffmail.com 
Introduction 

Agrobiodiversity is composed of crop and 
livestock diversity at the levels of genes, species, and 
habitats. In general parlance, however, livestock 
diversity refers to the approximately 3,000 – 5,000 
livestock breeds that have been developed by humans 
out of 40 domesticated animal species. However major 
contribution in livestock production is only from 14 
species. This “domestic animal diversity” is now at risk. 
According to the Food and Agricultural Organization 
about 30 percent of the world’s recognized 3882 
livestock breeds are in danger of extinction, with breeds 
disappearing at the rate of one per week. This alarming 
situation poses a grave threat to the long-term 
sustainability of livestock production and thus global 
food security. 

In developed countries, livestock are raised 
under intensive or even industrialized production 
systems that make for impressive outputs of meat, milk, 
and eggs. These outputs have been achieved using such 
"high-tech" operations as artificial insemination and 
embryo transplantation to breed solely for productivity, 
without regard to other traits such as fitness. In the 
process, the genetic base of the livestock species in 
question is greatly narrowed. The resulting "food-
producing machines" are thus less hardy and far more 
vulnerable to disease. Consequently, they require high 
veterinary and other inputs such as special feeds, 
expensive housing, and sophisticated management. 
Further, these industrial breeds' fertility and 
reproductive performance have been compromised to 
such an extent that they often have difficulty in mating, 
giving birth, and mothering their young. It is 
questionable whether they could even survive outside 
the managed environments and factory-like farms 
where they are raised.  

To ensure at least a modicum of fitness and 
vitality in future populations of food-producing animals, 
and to keep genetic options open, access to fresh 
genetic material will always be required. Since most of 
the wild relatives of today's domesticated animals are 
extinct, the main source of such material now lies with 
the livestock raised by herders and farmers under 
extensive, subsistence-oriented production systems in 
the developing or under developed countries.  

Variously termed ‘local’, ‘Deshi’ ‘indigenous’ or 
‘unimproved’ breeds, these ‘land races’ still harbour 
such invaluable characteristics as disease resistance, 
strength, hardiness, good libido and fertility, and other 
survival-oriented traits. Indeed, in the absence of 
animals with these traits, the majority of the world's 
people could not survive. Most of the world population 
is still rural, and all rural groups rely on animals for a key 
part of their livelihood. Few, however, can afford or 

access the high-tech inputs and breeds typical of the 
industrialized production systems. And fortunately for 
people everywhere, land races may present special 
traits that are of potential economic interest. Their 
meat, milk, and eggs may offer possibilities for tastier, 
healthier, or more specialized foods than the bland, 
generic products from factory animals. These 
circumstances form the rationale for the current thrust 
of the FAO and other formal sector institutions to 
conserve the domestic animal diversity represented by 
indigenous livestock breeds. If, like their wild relatives, 
they also become extinct, then future human 
generations will have no ‘genetic maneuvering room’ 
with which to adapt livestock to emerging disease 
threats or changing environmental and economic 
conditions.Article 8 of the UN Convention on Biological 
Diversity states that genetic resources should be 
conserved in the ‘surroundings’ where they have 
developed their distinct properties. For livestock, 
surroundings means the pastoral and farming 
communities that nurture most of the world's existing 
animal diversity. The diversification of a livestock species 
into many different ‘breeds’ is the outcome of different 
ethnic and social groups managing that species in a wide 
variety of habitats and manipulating its genetic 
composition according to habitat conditions (climate, 
disease and predator threats, availability of forage, 
water, minerals, etc.) and available human resources 
(e.g., knowledge, labour, social organization) in the 
context of a given group's needs and preferences for 
livestock goods and services. Traditionally, India has 
been a mega bio-diversity center and rearing of animals 
was practiced since time immemorial. Almost all the 
major livestock species including cattle, buffaloes, 
sheep, goat. pig, camel, horse, donkey, yak and mithun 
are found in India.  Apart from poultry, domestic species 
of avian such as ducks, geese, quails, turkey, pheasants 
and partridges also exist in India. India is the seventh 
largest country of the world and nearly 75 percent 
people are engaged in vocations related to agriculture 
and animal husbandry.   
Conservation    

 Conservation has been variously 
conceptualized. Aldo Leopold defined conservation as 
‘man living in harmony with the land’ while other find it 
as ‘wise use of resources’. In another sense 
‘conservation is a social process encompassing both lay 
and professional activities that define and seek to attain 
wise use of resources and maintain the productivities of 
land.  Conservation could also be the management of 
human use of the biosphere, so that it may yield the 
greatest sustainable benefits to present generation, 
while maintaining its potential to meet the need and 
aspiration of future generations. Thus, conservation is 
positive, embracing preservation, maintenance, 
sustainable utilization, management and enhancement 
of the natural resources of the environment. The best 
way to conserve the resources is within their native 
environment (in situ), however, it may be huge task 
unless the stack holder and farmers are not involved 
themselves. The indigenous animal genetic resources 

1 

2 
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especially those are less productive can only be 
maintained as long as their minimum feed/ fodder 
requirement are met under zero or low input system.  

Factors affecting Domestic Animal Bio-diversity 

 
Quite a good number of biogenic causes lead to loss of 
domestic animal biodiversity particularly in India. 
Introduction of exotic germplasm:  Since early sixties 
mass efforts were made to improve the productivity of 
indigenous breeds by introducing exotic germplasm 
through crossbreeding with local breeds. The animal 
genetic resources in India have been undergoing 
changes due to indiscriminate crossbreeding being 
practiced in some regions. 
Non-implementation of animal breeding policies: All the 
breeds of indigenous livestock and poultry have long 
evolutionary history and natural selection, which 
essentially lead to their establishment in different agro-
climatic conditions. The production levels of these 
indigenous  breeds is definitely lower than the exotic 
breeds found in temperate region which is largely due to 
the availability of poor feed/fodder resources and very 
harsh environmental conditions. The native breeds, 
which traditionally formed an integral part of 
agriculture, are getting progressively diluted and facing 
degeneration. There is almost unrestricted inter-
breeding among different breeds. The adoption of 
breeding plans or strategies recommended by various 
states are neither mandatory nor these are adequately 
backed by the support service. It has been admitted on 
all hands, that our well-known and recognized livestock 
breeds have suffered from neglect for the past century 
and even today. Some of the indigenous breeds have 
already been lost and others with unique characteristics 
are declining numerically and are at risk. 
 
Restriction of use to a few breeds:  The greatest single 
cause for genetic erosion is the growing trend of global 
reliance on a limited number of selected breeds known 
for high productivity under intensive management 
requiring high inputs. This shifting trend towards few 
breeds is of paramount importance of genetic diversity. 
 
Fluctuating market demands:  Market forces acting 
against particular species, breed or breed type and their 
products and services are also responsible for extinction 
of breed. 
 
Degradation of ecosystems:  Indigenous breeds have 
been evolved to sustain under a given agro-ecosystem. 
The degradation of the ecosystems has caused decline in 
the population of the adapted livestock breed or 
genotype. 
 
Diseases and natural disasters: Outbreak of dreaded 
diseases have some led to the loss of particular 
germplasm as in case of Bengal goat by PPR. However, 
this phenomenon has been controlled to a greater 
extent in recent years due to mass vaccination and 
disease eradication programmes. Natural disasters, like 

flood, avalanches or snowstorms have caused 
endangerment of certain breeds. 
Political unrest and instability:  The long war and 
political instability has caused serious decline and 
endangerment of some breeds and species.  The Ratha 
pastoral community has been keeping large herds of 
Sahiwal cattle on Indo-Pak border. Due to border 
disputes, the community has been displaced and 
ultimately the breed.  Partition of Sundarban area due 
to partition of India has reduced the population size of 
the Garole sheep and thus the variability.       
Small Ruminant Genetic Resources of India 

Any of various hoofed, even-toed, usually 
horned mammals of the sub-order Ruminantia, such as 
cattle, sheep, goats, deer and giraffes, characteristically 
having a stomach divided into four compartments and 
chewing a cud consisting of regurgitated, partially 
digested food are the ruminants. Among smaller version 
of the domesticated group, popularly called small 
ruminant, India possesses 26 breeds of goat under 
species Capra hircus and 42 breeds of sheep under 
species Ovis aris. Over the years population of both the 
groups have shown considerable fluctuations as in Table 
1. 
 
 Table 1: Trend in small ruminant population in India 

 
 

Species 

(Breeds) 

Small Ruminant Population  

(millions) 

Annual Trend (%) 

199

7 
200

3 
200

7 
2012 (199

7-

2003

) 

(20

03-

07) 

(20

07-
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She
ep    
(42) 

Total 57.4
9 

61.4
7 

71.5
6 

65.1 1.1
5 

3.09 -
9.07 

Crossb
red 3.11 5.73 3.73 

3.78 10.
72 

-
8.23 

1.37 

Indige
nous 

54.3
8 

55.7
4 

67.8
3 

61.2
9 

0.4
1 4.00 

-
9.64 

Goat       (26) 122.
72 

124.
36 

140.
54 

135.
17 

0.2
3 

2.48 -
3.82 

 
Sizeable decline have been detected among 

several breeds of Sheep and Goat as under: 
 

Species Breeds showing declining 
trends 

Proportion 
of total 
breeds (%) 

Sheep Ganjam, Bhakarwal, Gurez, 
Karnah, Niligiri, Poonchi, Pugal, 
Magra, Bonpala and Garole. 

21 

Goat Attapady Black, Chegu, 
Jamunapari,  Beetal, Surti, 
Changthangi 

26 

 
The breeds with less than 10,000 population are 

considered ‘threatened’ in India. Conservation of 
threatened breeds of small ruminants (also of other 
livestock) and improvement of breeds is one of  the 
major goals since the Tenth Plan. It is a national priority 
to maintain diversity of breeds and preserve those 
showing decline in number or facing extinction. Many 
existing breeds are facing varying   degrees  of   threat,  

5 
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endangerment  and   are  heading   towards  eventual 
decimation. The Tenth Plan Document of Planning 
Commission, Government of India mentioned the 
following indigenous breeds, which are at risk: 

 
Sheep : Nilgiri, Muzaffarnagri, Malpura, Chokla, 
Jaisalmeri, Munjal, Changthangi, 
             Tibetan, Bonpala and Garrole. 
Goat : Beetal, Jamunapari, Chegu, Changthangi, Surti 
and Jakhrana. 
ICAR Network and AICRP Programmes for genetic 
improvement of native farm animal breeds are in 
operation both under organized farms and field 
conditions. Breeds covered under these projects are: 
 

Sheep -  Gaddi, Nali, Chokla, 
Patanwadi, Nilgiri, Bonpala, 
Muzzafarnagri, Malpura, 
Sonadi, Deccani, Mandya and 
Nellore. 

 
     Goat -       Marwari, Sirohi, Surti, Jamunapari, 
Barbari, Ganjam, Black Bengal,        
                                Osmanabadi, Malabari Chegu and 
Changthangi. 

A centrally sponsored scheme on Conservation 
of Threatened Breeds of Small Ruminants and other 
species has been started by Govt. of India since 10th 
plan. The scheme has been initiated in the States of 
Arunanchal Pradesh, Gujarat, Himachal Predesh, 
Karnataka, Kerala, Manipur, Mizoram, Nagaland, Punjab, 
Rajasthan, Sikkim, Tripura and West Bengal for 
conservation of breeds of Goat (Long Haired Goat, Black 
Bengal and Malabari) and Sheep (Bandur and Bonpala) 
and other species. 
  

National Animal Gene Bank has been 
established at NBAGR with the objective of maintaining 
the indigenous livestock biodiversity of the country. A 
total of 97,835 frozen semen doses belonging to 257 
breeding males (Bulls/Rams/Bucks/Stallions) from 31 
breeds representing cattle, buffalo, sheep (Garole), goat 
(Chegu and Black Bengal), camel, yak and equine have 
been successfully collected and preserved at National 
Gene Bank for posterity. 

  
Strengths, Weaknesses, Opportunities and Threats of 

small ruminant diversity of India 

Strengths: 
1. Mega diversity with large number of breeds in 

both species. 
2. Diversified breeds of meat, milk, fibre and skin 

types. 
3. Adaptability of germplasm to diverse changing 

climatic conditions of hot arid, humid tropical 
and temperate climates and better resistance 
to parasites and diseases. 

4. Capability to survive and produce on coarse 
and poor quality feed and fodder resources 
(low input). 

5. Large network of Research Institutes, State 
Agricultural/Animal Science Universities, State 

Animal Husbandry Departments, Livestock 
Development Boards and NGOs engaged in 
conservation and development of Animal 
Genetic Resources (AnGR). 

6. Large amount of Indigenous Technology 
Knowledge (ITK) available with the livestock 
keepers for management of small ruminant 
AnGR. 

Weaknesses: 
1. Lack of reliable breed wise livestock census 

data 
2. Low productivity of some breeds. 
3. Poor implementation of breeding policies 
4. High population density vis-à-vis inadequate 

feed and fodder resources, and pasture land 
availability 

5. Lack of performance and pedigree recording at 
farmer’s level 

6. Inadequate number of superior/proven 
bucks/rams/semen for AI and natural mating  

7. Inadequate funding for conservation of small 
ruminant AnGR 

8. Insufficient patronage to native breeds 
9. Lack of local institutions like breed societies 
10. Poor marketing system for animals, animal 

products and by products 
11. Inadequate insurance coverage. 
12. Lack of legal support for registration of 

livestock breeds and protection of farmers’ 
right 

13. Poor orientation for characterization and 
conservation of small ruminant AnGR 

14. IPR issues not clearly defined in case of AnGR 
15. Lack of harmony and coordination among 

different agencies 
Opportunities: 

1. Integral part of agriculture with synergistic 
relationship 

2. Substantial contribution to GDP 
3. Gainful employment, particularly to rural 

women and youth 
4. Excellent potential of indigenous AnGR for low 

cost conversion of poor quality roughages into 
animal protein to cater the fast growing 
dietary demand of human population 

5. Large export potential for small ruminant 
germplasm including semen/embryos adapted 
under tropics, animal products and by 
products 

6. Presence of large genetic variability within 
breeds for bringing genetic improvement in 
traits of economic and environment 
importance. 

7. Availability of technologies like genomics, 
phenomics, nano-biotechnology, cloning, etc 
for faster genetic improvement in AnGR 

8. Scope for allele mining for biotic and abiotic 
stresses in indigenous AnGR  

9. Increasing scope and market for organic 
agriculture 

10. ITK provides researchable issues for animal 
production and health care 
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Threats: 

1. Loss of superior germplasm due to 
uncontrolled breeding and migration 

2. Genetic dilution due to indiscriminate 
breeding 

3. Trans-border illegal export of small ruminant 
AnGR 

4. Continued decreasing land under fodder 
production and pasture 

5. Increased human population pressure 
6. Increased pollution and degradation of 

environment 
7. Continuous decline in population of some 

breeds due to change in land use pattern 
 
The Structure of the National Plan of Action 

The main objectives of the National Plan of Action is to 
ensure a strategic and comprehensive approach in 
achieving the sustainable use, development and 
conservation of animal genetic resources, to increase 
and improve food production and food security, 
alleviate poverty and contribute to rural development. 
Preparation of National Plan of Action will assist in 
deciding how to move forward to more effective 
utilization of the animal genetic resources, taking fully 
into account our circumstances, priorities and available 
resources including human and financial resources. It 
will enhance the understanding among the stake 
holders, policy-makers and the general masses of the 
importance of animal genetic resources, the multiple 
roles and values of livestock diversity and the need to 
maintain the genetic variability that will enable 
adaptation to changing conditions. It will also help our 
country to get benefit from the  international 
momentum that has resulted for conservation and 
sustainable development of native animal genetic 
resources from the recent adoption of the Global Plan of 

Action by 109 countries. 
The salient objectives of National Plan of Action are: 

• Describes the status of AnGR of India 
• Identifies gaps in current strategies and suggest 

future course of action for conservation and 
sustainable utilization of AnGR. 

• Describes actions to promote activities aimed at 
raising public awareness and bringing the needs of 
sustainable use and conservation of AnGR to the 
attention of concerned stake holders, governments 
and international organizations 

• Identifies agencies and delineate their roles and 
contribution in conservation and management of 
AnGR.  
 
The National Plan of Action for conservation and 

management of farm AnGR has been prepared under 
four main strategic priority areas:   
 

1. Characterization and Inventory of farm AnGR  
2. Sustainable Use and Development of farm 

AnGR  
3. Conservation of farm AnGR 

4. Policies, Legislation, Institutions and Capacity 
building   

Responsibility for implementation  

Management of AnGR and welfare of their 
custodians i.e. livestock keeping communities, pastoral 
tribes and other stakeholders has overlapping domains 
involving plethora of  departments and institutions 
across the ministries. The organizations like ICAR, SAUs, 
SVUs etc are involved in conducting research and human 
resource development on various aspects of animal 
feeding, breeding, health care and management , 
improvement, conservation of AnGR and policy 
formulation. DARE and ICAR look after the needs of the 
entire country whereas SAUs and SVUs are more 
concerned about the problems and needs of the specific 
regions besides Human Resource Development in the 
field of agriculture and animal husbandry.  Departments 
of Animal Husbandry, Dairying & Fisheries; Environment 
and Forests; and Tribes and women welfare is related 
with policy formulation and its execution in these and 
other aspects of animal husbandry in the country. The 
State Animal Husbandry Department also manages state 
livestock breeding farms and undertakes all the activities 
for the development of livestock wealth in that region 
Although farmers/breeders, NGOs, etc. are also involved 
in management of animal genetic resources, still more 
and active participation of livestock farmers, breeders 
and livestock rearing communities needs to be 
promoted for the development, conservation and 
sustainable utilization of farm AnGR.  

The onus for achieving goals of the national 
programme on conservation, sustainable management 
and use of animal genetic resources therefore lies with 
many players, such as farmers and livestock owners, 
ministries, govt. departments, institutes, non-profit-
making social and charitable NGOs, breeding 
organisations, researchers, etc. That is why proper 
harmony and increased coordination between different 
actors over the measures that are to be carried out for 
effective management of AnGR is envisaged in the 
action plan as detailed below:  
 
National Level Authority: Achieving networking of 
collaboration between different agencies and 
coordinating the responsibilities of each one is crucial 
for achieving the goal of protecting the animal genetic 
resources for the future. Therefore, a National Level 
Authority on animal genetic resources needs to be 
established which has overall responsibility for 
monitoring and implementation of strategies and action 
plans.  
 
Indian Council of Agricultural Research (ICAR): Animal 
Science Division of ICAR in collaboration with National 
Level Authority on AnGR, has the function of 
coordinating the implementation and follow-up of the 
action plan, and establishment of National Focal Point. 
 
National Bureau of Animal Genetic Resources (NBAGR): 
ICAR has established NBAGR with the mandate for 
identification, evaluation, characterization, conservation 
& utilization of livestock and poultry genetic resources. 
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NBAGR should be recognized as a nodal institute and 
should act as a National Focal Point for all activities 
relating to conservation and management of AnGR in 
India. The Bureau should work within a large network, 
coordinating everyone from institutions to individual 
livestock owners. The constellation of different 
stakeholders of farm AnGR under technical and 
administrative purview of national focal point should 
work on 

• characterization and evaluation of AnGR 
• developing molecular signatures of each breed 

• value addition through identification and 
validation of bio molecules 

• developing technical guidelines and models for 
conservation and sustainable utilization of 
AnGR 

• registration of germplasm 
• developing criteria for assessing 

endangerment status of breeds 
• strengthening of national gene bank and 

establish regional gene banks for in-situ and 
ex-situ conservation of genetic resources of 
endangered breeds 

• planning and implementation of programmes 
for improvement, conservation and 
sustainable use 

• strengthening information system on AnGR 
and reporting on animal genetic resources 
including watch lists 

• bringing awareness generation 
programmes/seminars/meetings/trainings 
with a view to educate people, updating 
information,  and developing manpower 

• impart training to field functionaries and 
enumerators involved in breed-wise census for 
identification of breeds 
 

Animal Science Institutes of ICAR/SAUs/SVUs and KVKs: 
There is a vast network of species-specific institutes, 
National Dairy Research Institute, Indian Veterinary 
Research Institute, National Institute of Animal Nutrition 
& Physiology, National Research Centers, Project 
Directorates, AICRPs, Agricultural Universities, 
Veterinary Universities for carrying out research for the 
improvement and management of various livestock 
genetic resources, processing of products, health care 
and to develop trained manpower.  There is an 
extension network in the country in the form of Krishi 
Vigyan Kendras for dissemination of information 
generated in different research organizations. All these 
organizations shall have the responsibility for 

• production, maintenance and dissemination of 
superior and purebred livestock germplasm 
for conservation and genetic improvement on 
institutional farms and farmer’s herds/flocks 

• valuation and value addition to AnGR 

• providing improved package of practices for 
management of AnGR 

• development of vaccines and disease control 
measures 

• ensuring the availability of quality feed,  
fodder and pasture lands 

• extension activities for bringing awareness 
among farmers and field functionaries 

 
Department of Animal Husbandry (both centre and 
states) : The Department of Animal Husbandry, Dairying 
& Fisheries (DAHD&F) under the Ministry of Agriculture., 
Govt. of India is responsible for matters relating to 
production, preservation, protection and improvement 
of livestock germplasm. The Department guides and 
supports the State Governments/Union Territories in 
the formulation of policies and programmes in the field 
of animal husbandry, dairy development and fisheries. 
The main focus of the activities is on: (a) development of 
requisite infrastructure in States/UTs for improving 
animal productivity; (b) promoting infrastructure for 
handling, processing and marketing of milk and milk 
products; (c) preservation and protection of livestock 
through provision of health care; and (d) strengthening 
of central livestock and poultry farms for development 
of superior germplasm and its 
dissemination/distribution. There exists a large network 
of central and state animal husbandry departments 
(SAHD) looking after the development of animal 
husbandry at the grass root level. DAHD&F and SAHDs 
shall have the responsibility for 

• formulation and implementation of breeding 
policies for genetic improvement 

• developing legislations for protection of 
Animal Breeds and Animal Keeper’s rights, and 
for implementation of breeding policies, 
animal identification and performance 
recording in the field. 

• conducting breed wise livestock census 
• establishing/strengthening of nucleus herds 

for production of superior germplasm 
• semen production, processing and  

cryostorage 
• ensuring availability of quality semen of 

indigenous breeds in their respective native 
tracts 

• establishment of breed societies/livestock 
keepers self help groups 

• conservation of breeds in the respective 
breeding tract 

• disease surveillance and health control 
measures 

• develop a mechanism for exchange of 
germplasm 

• AnGR conservation and management 
awareness generation 

 
Ministry of Environment & Forests : The Ministry of 
Environment and Forest looks into the aspect related 
with relationship between the animals and the forests 
and protection of forests to avoid degradation of 
environment. This ministry should consider for  

• developing a policy for grazing in forests lands 
taking in to account the interests of livestock 
keepers and the forest degradation 
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• developing grasslands / pastures/fodder trees 

 

Livestock Development Boards : Livestock Development 
Boards have been set up in most of the states to boost 
the activities in relation to understanding of AnGR and 
enhance their utilization. The mission of these LDBs is to 
adopt, introduce, integrate, promote, manage, organize 
and undertake all activities viably for the genetic 
improvement and subsequent increase in productivity of 
livestock in the country. In collaboration with NBAGR 
and SAHD, these boards shall undertake the work on 
Inventorization of native AnGR, production of superior 
germplasm, and implementation of conservation and 
improvement plans. 
 
Breed Societies/ Communities/ NGOs : Livestock 
Keepers, practically being the excusive custodians of 
farm AnGR, are the real and most important 
stakeholders at the grass-root level. Livestock owners 
are responsible for the practical breeding work and the 
day-to-day management of each and every animal. 
Much of the practical work to be performed within the 
different measures is performed by the individual 
livestock owners. Breed associations can be responsible 
for the breeding targets of the breeds, breeding plans 
and advice on breeding, and can guard the interest of 
the breeds/breeders. Conservation and utilization of 
AnGR can be best achieved through a joint approach by 
involving livestock keepers, farmers, NGOs, Gaushalas, 
Breed Societies and all the other stakeholders. These 
should understand and participate in all activities 
relating  to management of AnGR like implementation of 
improvement and conservation programmes, animal 
identification, performance recording, marketing and 
branding of animal products, development of pasture 
lands, fodder production, etc. 
Recommendations for Conservation of Small 

Ruminants  
1. Small ruminant census should be conducted 

breed wise, so that the correct picture on pure 
breeding populations can be generated and 
effective breeding programmes can be framed. 

2. Complete characterization (Phenotypic and 
genetic) of all the breeds of small ruminants 
should be done for proper identification of the 
breeds. 

3. Systemic surveys for all the breeds should be 
undertaken for preparing the comprehensive 
inventory with proper identification and 
cataloguing. 

4. Sound data bank on each breed with a network 
facility to hook-up with national data bank on 
animal genetic resources should be developed. 
Linkage with National Gene Bank should be 
established for ex-situ conservation of the 
breeds. 

5. Government would explore the legal aspect of 
stock raiser/ farmers’ right of genetic resources. 

6. Relevant ecological and socio-economic issues 
should be identified which affect conservation 
and utilization of the small ruminant. 

7. ‘Selective Breeding” programme with “Open 
Nucleus Breeding System’ should be practiced 
for improvement of the breeds. Government 
would open ‘Buck/ Ram Mother Farms’ in 
different regions of the state where improved 
buck/ ram would be produced primarily for 
distribution in the field. 

8. The live animal gene-bank (in-situ conservation) 
should be established in native ecology of the 
breed. It can also be utilized for demonstration 
and distribution among farmers. 

9. Government would undertake programme for 
promotion of production of each breed in the 
breeding tract with particular emphasis to 
ameliorate the problem faced by the farmers. 

 
10. Research on the breed should be strengthened 

on developing new technology for developing 
sustainable production system and its 
conservation for posterity. 

11. Government would promote organizations like 
breed survival trusts, breeding societies, animal 
welfare bodies and similar other endeavors, 
involving public participation and to be 
supported both technically and financially. 

12. All facilities and infrastructure available for ex-

situ conservation programmes should be 
coordinated on mission mode basis for genetic 
security and revival of lost breeds.   

13. Training and human resource development 
programmes should be undertaken in a big way 
to support the livestock breed conservation 
programmes. Publication of literature avnd 
monographs on the breed as tools of awareness 
generation and extension service should be 
undertaken. 

 
FAO and other publicly funded international 
institutions concerned with DAD (e.g., ILRI, the 
International Livestock Research Centre) are 
pursuing their agendas entirely from the so-called 
‘genetic resource angle’. They want to save or 
rescue breeds only in their role as carriers of genetic 
material that might have some economic potential 
in the future and could be valuable for humanity at 
large. Although FAO explicitly recognizes breed as a 
cultural rather than a technical concept. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9 
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GOAT BREEDS OF INDIA 

Dr K. C. Dhara,  

Astt. Director of Farms 

Directorate of Research, Extension and Farms 
WB University of Animal and Fishery Sciences, 

37, K B, Kolkata - 700037, W.B. 
 
BREEDS: 

SPECIES AND BREEDS: 

The domestic goat (Capra aegagrus hircus) is a 
subspecies of goat domesticated from the wild goat of 
southwest Asia and Eastern Europe. The goat is a 
member of the family Bovidae and is closely related to 
the sheep as both are in the goat-antelope subfamily 
Caprinae. Goats (Capra hircus) were among the first 
domesticated animals, adapted from the wild bezoar 
ibex Capra aegargus in western Asia. Bezoar ibexes are 
native to the southern slopes of the Zagros and Taurus 
mountains, and evidence shows that the goat 
descendants spread globally, playing an important role 
in the advancement of Neolithic agricultural technology 
where they were taken.Beginning between 10,000-
11,000 years ago, Neolithic farmers in the Near East 
starting keeping small herds of ibexes for their milk and 
meat, and for their dung for fuel, as well as for materials 
for clothing and building: hair, bone, skin and sinew. 
Today over 300 breeds of goats exist on our planet, 
living on every continent except Antarctica and in a 
quite astonishing range of environments, from human 
tropical rain forests to dry hot desert regions and cold, 
hypoxic high altitude regions. Because of this variety, 
the domestication history was a bit obscure until the 
development of DNA research. 
The morphological and physiological characters formed 
the basis of dividing the animal kingdom into species 
and breeds within a species. The first division is  into 
species. The most important feature of division is the 
reproductive discontinuity which means that two 
species do not interbred or the progeny of two species 
do not produce fertile progeny when they are further 
mated together. For example, horses and asses are two 
species and on mating produce viable but sterile 
progeny, except few rare cases. The interspecies crosses 
have variable fertility e.g., the female progeny produced 
by mating yak and cattle are fertile but their male ones 
are sterile. However, fertile male progeny of yak and 
cattle can be produced by two back crossing to cattle. 
Therefore, the reproductive discontinuity as a dividing 
criterion between species in some cases is liquidated. 
A species is further divided into breeds or sub species. 
Different breeds have both qualitative and quantitative 
characters which differ for one breed to the other. 
These qualitative characters are more morphological 
such as colour and type of hairs, shape and size of horns, 
presence or absence of some body parts like zebu 
breeds of cattle are humped whereas European breeds 
are hump less for which they are regarded as subspecies 
of the same genus , Bos. The quantitative characters can 
be considered as differences in type and size of the 
body, milk production and fat percent in milk etc. 

However, there is no clear dividing line between breeds 
for quantitative characters for the reason that these 
traits show continuous variation under the control 
polygenes. 
Each species of farm animals contains a number of 
breeds. A group of animals of the same species having 
same origin (related by descent) and having common 
characteristics like general appearance, body colour, 
feature, size, configuration etc. is said to be a breed. The 
mating of animals within a breed maintains the purity of 
breed. A breed is a genetic entity developed over a long 
period of time as result of planned matting and selection 
. Therefore, a breed has certain well defined physical 
conformation different from other breeds in the vicinity 
and has distinct local names. 
The breeds are not included in the Linnean Taxonomic 
classification and hence the binomial nomenclature of 
different breeds of a species is same. 
There is further division of a breed into strains based on 
isolation from each other due geographical conditions or 
due to different aims of breeding the animals. This is 
called as strain breeding. The individuals of a breed or 

strain are more closely related to each other than 

others due to interbreeding. This group is called a line. 

A line is called an inbred line when the inbreeding 

coefficient is reached at least 0.375 as a result of two 
generations of full sib mating. The full sib or half sib 
group of animals in cattle is the sire dam or sire family 
and all the individuals of a family are equally closed 
related to each other. 
What is Breed 

A group of animals related by descent and similar in 
most characters like general appearance, features, size, 
configuration etc., are said to be a breed. There may be 
considerable differences between individuals; still they 
have as a group many common points which distinguish 
them from other groups. Such a common characteristic 
group is termed a breed. The purity of the breed is 
maintained by confining the mating of animals to within 
the breed. 
What is Species 

A group of individuals which have certain common 
characteristics that distinguish them from other groups 
of individuals. Within a species the individuals are fertile 
when mated, in different species they are not. 

 

Indian Goat breeds 
Breeds : 23 well defined breeds goats in India for meat and skin 
– Black Bengal, Kanni adu Meats, skin and milk – Barvari, 
Malabari (Tellicherry), Sirohi, Surti Meat hair and skin – Gaddi, 
Kutchi, Marwari Milk meat and skin – Beetal, Jamunabari, 
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Jamunapari 
o Jamunapari breeds are found mainly in the state of 

Uttar Pradesh. 
o Its coat colour is  white with tan or black markings at 

neck and ears 
o They are 

beard in 
both sexes; 
havetuft of 
long hairs in 
the 
buttocks. 

o It is largest 
and most 

elegant of the 
long-legged goats of India. 

o It has pronounced Roman 
nose having a tuft of hair 
which results in parrot mouth 
appearance. 

o Their horns are short and flat 
and horizontally twisting 
backward. 

 
o An adult male ranges from 90 

to 100 cms in height, whereas 
a female goat ranges from 70 
to 80 cms in height. 

o It is, tall and leggy with convex face line and large 
folded pendulous ears. 

o Generally found in white colors. 

o Their ears are large and drooped downwards. 
o An adult female weighs between 45kgs to 60kgs, 

whereas an adult male ranges between 65kgs to 
80kgs. 

o Average birth weight is up to 4 kg. 
o Average age at first kidding is 20-25 months. 
o They have large udder and big teats and average yield 

is 280 kg / 274 days. 
o Have the ability to yield 2 to 2.5kgs of milk per day. 
o The fat content of the milk ranges between 3 to 3.5%. 
o They thrive best under range conditions with plenty 

of shrubs for browsing. 
Beetal 
o It is are found mainly in the state of Punjab 
o These breeds are grown mainly for the purpose of 

milk and meat. 
o Generally smaller than the breed of Jamunapari. 
o Coat Colour is predominantly black;or brown with 

white spots of distering size 
o Males usually possess beard. 
o  They are not so heavy in weight. 
o Average birth weight - 3 kg. 

o An adult female 
goat ranges 
between 40kgs to 
50kgs, whereas an 
adult male ranges 
between 50kgs to 
70kgs. 

o Age at first kidding - 20-22 
months. 

o Average lactation yield - 
150 kg. 

o They are having the ability 
to give, one kg to two kgs 
of milk per day. 

o   Maximum yield being 591.5 kg in a lactation period 
of 177 days.   

 Barbari 
o This is short haired and erect-horned goat popular in 

urban areas of Delhi, Uttar Pradesh, Gurgaon, Karnal, 
Panipat and Rohtak in Haryana state. 

o Barbari breeds are grown mainly for milk and meat 
purpose. 

o The color of this breed is white with light brown 
patches. 

o An 
adult 

female goat weighs 
between 25kgs to 35kgs, 

whereas an adult male goat 
ranges between 35kgs to 
45kgs. 
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o They are having the ability to give one kg to 1.5kgs of 
milk per day.  

o This breed have better reproductive capabilities. 
o They will give, 2 to 3 kids in parturition. 
o  They are usually stall-fed and are reported to yield 

0.90-1.25 kg of milk(fat content 5%) a day  in a 
lactation period of 108 days 

o  They are prolific breeder and kid twice in 12-15 
months. 

  

 Sirohi 
o Coat colour is brown, white, and admixture of colours 

in typical patches; hair coarse and short. 
o Compact and 

medium sized 
body. 

o Tail twisted and 
carries coarse 
pointed hair. 

o  Horns are small 
and pointed, 

curved upward 
and backward. 
o Average body 

weight of buck is 
50 and doe is 23 
kg. 

o Average birth 
weight is 2.0 kg. 

o Kidding is once a 
year, twins are 
common. 

o Average age at 
first kidding is 19 months. 

o Average lactation yield - 71 kg. 
o Average lactation length - 175 days.   

Kanni aadu 
o These are the tallest goat breeds found in Thirunelveli 

and Ramanadhapuram districts of Tamilnadu. 
o Black or white spots in the black background are the 

characteristics colors of this breed. 
o They are usually grown for meat purpose. 

o  

o The adult females of this breed ranges from 25kgs to 
30kgs and the adult males ranges from 35kgs to 
40kgs in body weight. 

o They are having ability to give birth to 2 to 3 kids. 
o They grow well in the draught regions.  

  

Kodi aadu 
o These breeds are taller and found with different 

colors, but predominantly black 
o They usually give birth to one or two kids. 

o They are usually grown for the purpose of guiding the 
goat flocks, which goes for grazing.. 

o These types of breeds are mostly found in the 
districts of Sivagangai, Ramanadhapuram, and 
Tuticorin districts of Tamilnadu. 
 

  
  

 Black Bengal 
Coat colour is 
predominantly black, 
brown/grey and white 
with soft, glossy and 
short hairs.  Dwarf in 
body size, legs short, 
straight back; both sexes 
are bearded.   Average live weight of buck is 15 kg 
and doe is 12 kg. Most prolific among the Indian breeds. 
 Multiple births are common - two, three or four kids are 
born at a time.  Kidding is twice a year. Average litter 
size is 2.1.  Average age 
at first kidding is 9-10 
months.  Average 
lactation yield is 53 kg. 
Lactation length is 90 to 
120 days. Its skin is in 
great demand for high 
quality shoe-making.  
       

Chegu 
o Coat colour is predominantly white but greyish 

red and mixed colours are also seen. 
o Average buck live weight of buck is 39 kg 

and doe is26 kg. 
o Average birth weight is 2.0 kg. 

 
 

 
o Kidding is once a year and mostly single. 
o Average lactation yield is 69 kg and lactation 

length is 187 days. 
o Used for draught to carry salt and small loads. 
o Have long hair with under coat of delicate fibre 

below (cashmere or pashm). 
o Legs are medium sized. Face and muzzle is 

tapering. Ears are Small. 
o Horns are bent upward, backward and 

outward with one or more twists. 
o Used for draught (pack) to carry salt and small 

loads.  
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Changthangi 

• Predominantly white and the rest are brown, grey 
and black. Undercoat white/grey; yields warm 
delicate fibre - pashmina (cashmere, pashm). 

• Body and legs are small, have strong body and 
powerful legs. 

• Ears are small, pricked and pointed outwards. 

• Horns are large turning outward, upward and 
inward forming a semicircular ring. 

• Average live weight of buck is 20 and doe is 20 kg; 
average birth weight is 2.1 kg. 

• Kidding is once a year, normally single; 

• Average age at first kidding is 20 months. 

  

Attappady Black Goat  

The Attappady black goat hales from the Palakkad 

district of Kerala. This district is home to the Irula, 

Muduka and Kurumba tribal communities. The 

economy of this region is 

primarily dependent on 

goat rearing clubbed with 

a few other agricultural 

activities. The Attappady 
breed, locally known as the poor man’s cow, is highly 
resistant to diseases and can adapt itself to extreme 
climatic conditions. They are blessed with a peculiar 
adaptability to hot and dry climate and low quality 
roughage of hill tracts. They are immune to common 
foal diseases such as foot and mouth disease, 
pneumonia, enteritis, enterotoxaemia, etc. This breed is 
also considered to be an endangered species – their 
number runs below 5000. 
 
Gaddi 
 
 
 
 
 
 
The breed derives its name from the nomadic tribe 
―Gaddi, who normally keep this breed. 
Gaddi is a medium sized goat breed, well built and with 
long hair. The coat color is mostly white but some 
animals with black, brown or tan markings are also 
found. Ears are medium, long and drooping. Skin is very 
tough, covered with coarse long hair measuring 7-10 
inches (18-25 cm). The udder is small and rounded with 
pointed teats.Both sexes have long spiral horns directed 
upward and backward with pointed tips. The ears are 

long and drooping. These animal are found in Kangra 
and Kullu valley, Chamba, Sirmur, Simla and Lahaul and 
Spiti in Himachal Pradesh, hilly districts of Tehri 
Garhwal, Chamoli in Uttaranchal and in parts of Jammu 
hills. 

  
MARWARI 

Marwari is found in Marwar region of Rajasthan, 
comprising Jodhpur, Pali, Bikaner, Jalor, Jaisalme: and 
Barmer districts.  
The breed bas also moved into certain areas of Gujarat, 

especially) at Mehesana district. They are popular for 
their meat, hardiness and disease resistance. 
 The breed is 
predominantly black 
with long coarse 
hair. Individuals with 
white or brown 
patches are also 
found in about 5% 
cases. Both sexes are 
bearded. The 
animals are medium 
in size, ears are flat, medium in length and drooping. 
Both sexes have short, pointed horns directed upward 
and backward. The tail is small and thin. Daily milk yield 
is very poor. The breed is reputed for its meat and also 
for hair which is available to about 300 grams per year. 

MEHSANA 

Mehsana breed is mainly found at Mehsana, 
Banaskantha, Gandhi Nagar and Ahmedabad districts of 
Gujarat. The breed is considered as dual purpose, i.e. for 
meat and milk. 
 

 Size Adult males Adult 

females 

Body weight (kg) 27.45 ± 
0.41  

24.72 ± 0.51  

Body length (cm) 69.5 ± 0.84  65.2 ± 1.18  

Height at withers 

(cm) 

61.3 ± 0.84  58.1 ± 1.02  

Chest girth (cm) 72.2 ± 0.68  69.3 ± 0.48  

Sl.No Size (average) 
Adult 

male 

Adult 

female 

1 Body weight (kg) 33.00 26.00 

2 Body length) cm) 70.0 63.0 

3 Chest girth 70.0 68.0 

Sl.No Size (average) 
Adult 

male 

Adult 

female 

1 Body weight (kg) 36.00 32.00 

2 Body length (cm) 70.0 68.0 

3 Chest girth (cm) 76.5 72.5 
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The breed is large sized, coat colour is black with white 
spots at the base of the ear. 
The hair coat is long and 
coarse. Ears are always white. 
Both sexes have twisted 
horns curved upward and 
backward. The udder is 
moderately developed having 
large and conical teats. Milk 
yield averages 1.0 kg/day, litter size mostly single.  
Average yield of hair per goat per year is 200 grams. 

JHAKRANA 

Jhakrana breed is found in Jhakrana and some 
surrounding villages near Behror, of Alwar district of 
Rajasthan. The breed is large and also a good dairy type. 
 

 
Animals are large and predominantly black with white 
spots on ears and muzzle. 
The breed is very similar to 
Beetal, the main difference 
is that Jhakrana is 
comparatively longer. It has 
highly developed udder. 
Forehead is slightly 
bulging.. These goats are 
used mainly for milk production. Average daily milk yield 
varies from 2.0 -3.0 kg for a lactation length of about 

180-200 days. These 
are prolific. Kidding is 
mostly single but in 
40% cases twins are 
produced. Triplets are 
not uncommon. The 
goats are also useful meat producers, and their skin is 
popular with the tanning industry. 

OSMANABADI 

Osmanabadi breed is mainly distributed at Latur, 
Tuljapur, and Udgir taluks of Osrnanabad district of 
Maharashtra. 
The goats are large in size, colour varies, but mostly it is 
black (73%) and the rest are white, brown or spotted. 
Ninety per cent males are homed, females may be 

homed or poled. The breed is considered useful both for 
meat and milk. Average daily yield varies from 0.5 to 1.5 

kg for a lactation length of about four months. The 
dressings percentage varies from 45 to 50. In favourable 
conditions the does will breed regularly twice a year and 
twins are common. 

MALABARI 
Malabari is also known as Telicherry, mostly reared at 
Calicut, Cannanore and Malapurarn districts of Kerala.  
The animals are medium in size. They have no uniform 
colour which varies from completely white to full black. 
About 30% goats are long haired. All males and a small 
number of females are bearded. Animals are medium 
sized, head with flat and occasional Roman nose and 
medium sized ears 
directed outward and 
downward. The breed is 
reared mainly for meat 
purpose and their skin is 
popular with the tanning 
industry. The average milk 
yield of this breed is 100-190 kg with a lactation period 
of 180-210 days. 

 
SANGAMNERI 

Sangamneri breed is commonly found in Poona and 
Ahrnednagar districts of Mabarashtra.  
Medium sized animals. They 
have no uniform colour, it 
varies from white, black or 
brown, with spots of other 
colours. Ears are drooping. 
Both sexes have horns directed 
backward and upward. 

Average daily milk yield varies between 0.5 to 1.0 kg 
with an average lactation length of about 165 days. 
Dressing percentage is about 41% at6 months, 45% at 9 
months and 46% at 12 months of age. 
 

Kutchi Goat 

The Kutchi goat (also known as Kathiawari) is an 
important breed of domestic goat from Gujarat state of 

  Size (average) Adult male Adult female 

1 Body weight (kg) 55.00 45.00 

2 Body length (cm) 84.0 77.0 

3 Chest girth (cm) 86.0 79.0 

S. No. Size (average) 
Adult 

male 

Adult 

female 

1 Body weight (kg) 34.00 32.00 

1 Body length (cm) 68.0 66.0 

3 Chest girth (cm) 72.0 71.0 

Sl.No Size (average) 
Adult 

male 

Adult 

female 

1 Body weight (kg) 38.00 31.00 

2 Body length (cm) 70.0 63.0 

3 Chest girth (cm) 73.0 67.0 

Sl.No Size (average) 
Adult 

male 

Adult 

female 

1 Body weight (kg) 38.00 29.00 

2 Body length (cm) 69.0 62.5 

3 Chest girth (cm) 76.0 71.0 
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India. It is a dual purpose breed and raised for both 
meat and milk production. The breed is native to the 
Kutch district of Gujarat. And the Kutchi goat breed 

derives it’s name after the ‘Kutch‘ 
district. The Kutch district in 
northern Gujarat is the natural 
habitat of this goat breed. Although 
the goats are also found in adjoining 
areas of southern Rajasthan, apart 

from the Kutch region. The breed is valued for it’s meat 
and milk production capabilities in it’s native areas. The 
Kutchi goat’s flock size ranges from small to large, 
having 5-300 goats in each flock. Most of the flocks of 
Kutchi goats are stationary. But they migrate for a 
limited period to the adjoining areas. They usually 
migrate to the adjoining areas during the period of 
scarcity and most of the Kutchi goat flocks are raised 
and maintained exclusively in an extensive grazing 
system round the year. Read more information about 
the Kutchi goat breed below. Kutchi goat is a medium 
sized animal with a compact body and long legs. It has a 
predominantly black colored coat with a few white 
spots. Ears of the Kutchi goats are medium in size, flappy 
and drooping with typical white markings. Their face is 
slightly raised. The hair is coarse and long and the nose 
is slightly Roman. Both bucks and does usually have 
horns. The bucks have relatively long and strong horns, 
while the does have flat and weak horns. Udder of the 
does is reasonably 
developed with well 
placed long and conical 
teats. The Kutchi bucks on 
average weight about 46 
to 49 kg, and average 
body weight of the does is about 40 kg. Info and photo 
from Animal Genetics Training Resource 

      
 GANJAM 

Ganjam and Koraput districts 
of southern Orissa are the 
home lands of Ganjam 
breed. 
 
 
Animals are tall, coat colour 
varies but black predominates over white, brown or 
spotted. Hairs are short and lustrous. Both sexes have 

long and straight horns directed upward and slightly 
backward. Very poor in milking aspect, average may be 
250 to 300 grams per day. 

Zalawadi 
Zalawadi is one of the major goat breed in Gujarat. 
Animals of this breed are reared by traditional shepherd 

community known locally as 'Rabaris'  and 'Bharwads'  in 
the semi-arid  area of Sourashtra region of the state 
where rainfall  is erratic and low. ( Singh et al 2005).  It is 
believed that the breed originated in the erstwhile 
'Zalawad'  region now known as Surendranagar district  
and part of Zalawad falling in Rajkot districts. Singh et al 
(2007) observed that Zalawadi goats are locally known 
as Tara bakari and native of then Zalawad province of 
Kathiawad now known as 
Surendranagar district of 
Saurashtra (Gujarat). It 
has spread in the 
adjoining area of 
Jamnagar and 
Ahmadabad districts also. 
Out of the total goat 
population of the state, Zalawadi alone constitute 
27.8%. Flock size ranges from 15-200. Flock is stationary 
except few flocks which migrate to Ahmadabad and 
Khera district in summer and return back in rainy 
season. The flocks are maintained under extensive 
grazing management. The average milk yield recorded at 
fortnightly intervals ranged from 1.09 (first parity) to 
1.42 litre (fourth parity) with an average of 1.17±0.09 
litres in 120 days. The average body weight of adult 
male and female are 38 
and 32 kg respectively. 
The average daily milk 
yield is 1.75 kg ranging 
from 1.5-2.0 kg/day.  
Some goats produce 154 
kg of milk in a lactation 
period of 150 days under 
village conditions. The prolificacy is high with 55% 
twinning and 2% triplets. Singh et al (2009) observed the 
performance of the breed in its home tract where the 
averages of age at first kidding, lactation length, kidding 
interval and herd life were 22.17±0.16, 6.57±0.31, 
11.28±0.87 and 91±7 months, respectively. The multiple 
birth rates observed were 57%.  
   
CHANGTHANGI 

Changlhangi breed is also known as Pashmina due to the 
ability of the breed to produce longer and finer 

pashmina on the sides and shoulders. Pashmina goats 
are mostly reared in Ladakh, Lahul and Spiti Valleys and 
its neighbouring areas of Himachal Pradesh. Large herds 
of this breed are found in the Changthangi region of 
Ladakh at an elevation of 4,000 metre. 

Sl.No Size (average) 
Adult 

male 

Adult 

female 

1 Body weight (kg) 44.00 31.50 

2 Body length (cm) 76.0 67.5 

3 Chest girth (cm) 83.0 74.5 

Sl.No Size (average) 
Adult 

male 

Adult 

female 

1 Body weight (kg) 20.00 19.80 

2 Body length (cm) 49.0 52.5 

3 Chest girth (cm) 63.0 65.0 
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Medium sized animals, half of the animals are white, the 
rest are black, grey or brown. Botil sexes have large 
horns, turning outward, upward and inward to form a 
semi-circle, but a wide variation exists in both shape and 
size. The breed looks pretty having fast movements and 
is used for transport in hilly areas. Body is covered with 
long coarse hair including the facial areas. 
Apart from meal the breed is highly prized for pashmina. 
The fine costly hair is harvested once a year, generally in 
June/July, either by shearing or by combing. Average 
production of pashmina is 215 g with a variation range 
of 70-500 g per animal. Used for making Kashmiri ring or 
shawl of high quality. 

Gohilwadi Goat 

Category: Multipurpose breed (milk, meat and fibre)  
Home Tract: Bhavnagar, Amreli and Junagarh districts in 
Gujarat 
Body: Large sized 
Body Coat colour: Black and 
covered with coarse long hairs 
Face: Nose line is slightly convex 
Ears: Tubular and drooping 
Horns: Both sexes have slightly 
twisted horns, turned backward 
Average kidding age: 20 months 
Litter size: Singles: 84.2 ± 4.1%; 
twins: 15.8 ± 4.1% 
Morphometeric characters 
Body weight: Adult male: 37.10 ± 1.42 kg; Adult female: 
36.03 ± 0.38 kg 
Ear length: 17.5 + 2.7 cm 
Horn length: 12.5 ± 0.20 cm 
Body length: Adult male: 73.4 ± 1.3 cm, Adult female: 
72.4 ± 0.3 cm 
Body height at withers: Adult 
male: 81.2 ± 1.2 cm, Adult 
female: 79.5 ± 0.3 cm 
Chest girth: Adult male: 74.7 
± 0.9 cm, Adult female: 75.2 ± 
0.2 cm 
Production characteristics 
Daily milk production: 1.710 
± 0.145 kg 
Lactation period: 227.2 ± 8.9 days 
Hair yield per annum: 317.1 ± 22.0 g 

Surti Goat 
The Surti goat is 
an important 
breed of 
domestic goats 
in India. It is a 
dairy goat breed 
and mainly 

raised for milk production. Surti goat is one of the best 
dairy goat breeds in India. Name of the breed derives 
from the place called ‘Surat‘ in Gujarat state of India. 
The breed is found in pure form in this area. But the 
total population of this breed is very small when 
compared to other goat breeds. And it is one of the 
endangered breed of goats of Indian origin. The Surti 
goat is distributed in surrounding areas of Surat, 
Baroda and Nasik of Maharashtra. The breed is very 
popular in it’s native areas, and they are raised and 
maintained in small flocks ranging from 2 to 15 goats. 
Most of the flocks are raised on extensive grazing 
system. But a few numbers are seen kept under 
intensive conditions and fed in stall. The Surti goat is 
most suited and can perform well under stall fed goat 
farming system. It is mainly kept as a dairy goat for milk 
production. But the breed is 
also good for meat 
production. Today the total 
number of Surti goat is very 
less. And it is one of the 
most endangered goat 
breeds of Indian origin. Read 
more information about this 
goat breed below. rti goats are small to medium sized 
animal with compact body. Their coat is predo 

Konkan Kanyal 
Konkal Kanyal goat is meat type breed adapted to high 
rainfall and hot and humid climate of Konkan region of 
Maharasthra. Animals have typical white bands on black 
face and black ear with white margin. They are native to 
the Konkan 
region of 
Maharashtra, 
and are 
reared mostly 
by the 
Dhangar and 
Maratha 
communities for meat. These goats are mainly black 
with a white marking in a specific pattern–the ventral 
surface of the body is white and the legs have white 
‘stockings’. Konkan Kanyal goats have bilateral white 
strips from nostrils to ears; a flat and broad forehead; 
flat, long drooping ears; backward, straight, pointed, 
cylindrical horns; white muzzle and long legs, laterally 
black, medially white from knee to the fetlock joint. The 
body weight of adult bucks and does averages 35 and 30 
kg respectively. Konkan Kanyal goats are regular 
breeders and breed round the year, with a twinning 
percentage of about 66%. 

Berari 
Berari goat has recently recognized at national level as 

23rd goat breed of India. 
Berari is reared mainly for 
meat purpose in Vidarbh 
region of Maharashtra. As a 
unique feature, animals 
have light to dark strips on 
lateral sides from horn base 

to nostrils of face. The scientific study of Berari at 
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phenotypic as well as genotypic level in all districts of 
Vidarbha region of Maharashtra state. This breed is 
Originated from BERAR region of Central Province & 
Berar, which is recently known as Vidarbha region of 
Maharashtra state. Goat prominently occurs in Nagpur, 
Wardha, Amravati and Akola districts, however, also 
occurs in rest of the districts of Vidarbha region. i) Black 
coloured ring around neck in adult male and ii) Black 
hair line along with the vertebral column extending upto 
tail. The Berari goat are slowly diminishing in their 
number and losing their identity in their natural habitat. 
The present 
status of the 
breed is not 
known and the 
information in 
the literature is 
very limited. No 
systemic 
programme has been initiated for its improvement that 
tempted to undertake research for recognition of this 
goat breed. Considering the adoptability trait of this 
breed in the Vidarbha region of the state it is essential 
to conserve and improve the native breeds for the 
production potential on sustainable basis for human 
economic food. Future planning for Conservation & 
breeding policy is to be adapted. 

 Pantja Goat 

Category: Meat and milk type 

Country: India 

Home Tract: Udham Singh and Nainital districts of 
Uttarakhand and adjacent Tarai area of Uttar Pradesh.  
Morphological Characters 

 

Body: Medium sized 

Body Coat: Uniformly light brown 
to tan colour with  
white streak on either side of face. 

Reproductive parameters 

Average kidding age: 569.6±15.3 
days 

Litter size: Twins: Common 

Morphometeric characters 

Body weight: Adult male: 20.03 ± 1.24 
kg 

Body length: Adult male: 54.68 ± 2.66 
cm 

Body height: Adult male: 61.71 ± 1.92 
cm 

Chest girth: Adult male: 66.09 ± 1.68 cm 

Production characteristics 

Daily milk production: 0.808±0.09 kg, peak milk yield: 
1.39±0.078 

Milk yield per lactation: 113.89±8.92 kg 

Lactation period: 156.1±6.075 days 

Remarks: Well adapted to humid condition of Tarai 
region. 

Teressa Goat 

Home Tract: Terresa, Katchal 
and Bambooka Islands of 
Andaman. 

Morphological Characters 
Body: Tall 
Body Coat: Brownish or tan in colour with white or black 
patches. 
Reproductive parameters 
Litter size: They generally give birth to twins and 
triplets. 
Morphometeric characters 
Body weight: Adult male: 50-70 kg, Adult female: 50-65 
kg 
Remarks: These goats are semi-feral in nature. They can 
survive in hot and humid climate. These goats are 
generally reared in free-range system. These goats are 
resistant to common diseases. These goats need for in-
situ and ex-situ conservation. 
IMPROVEMENT OF GOATS:  

Goats are used for milk as well as for meat production. 
One can develop specialized dairy type goats or 
specialized meat type goat or dual purpose ones; the 
dual purpose ones being most desired in India. Goats are 
also raised for hair fibres in the Himalayan region; e.g., 
the Kashmere or Pashmina goat. Hair of goats of other 
regions is rather coarse and is used for carpet making. 
Goat skins are also a very important commodity in this 
country. 
Hence, breeding techniques for goats have to be used 
for improving the above characteristics in them. There 
are several well developed breeds of goats in India as 
described in the previous section. Constant endeavours 
have to be made via production recording, selection and 
mating (selective breeding), to improve the potential of 
such breeds. These breeds, in turn, can used for 
upgrading non-descript stock in other regions. 
Jamnapari and beetal are most promising ones for this 
purpose. In fact, Jamnapari is extensively used for 
grading local stock not only in India but also in several 
other Asian countries; such a breeding programme 
giving progeny with better growth performance as well 
as milk production. 
Some synthetic breeds can also be developed using 
different breeds in crossbreeding. This is being 
attempted at several institutions in India with variable 
success. One of the outstanding examples of the 
evolution of a synthetic breed is the Anglo-Nubian 
breed, which has been evolved from Nubian ( of Sudan) 
and Jamnapari. It is a very goat tropical milch goat. 
Some of the recognized European dairy goat breeds like 
Saanen, Toggenburg and Alpine have also been tried for 
crossbreeding with indigenous breeds of goats in india 
and other tropical countries. Even purebred exotic goats 
have also been reared in warm regions. 
Experimental evidence from India and other tropical 
countries indicates that, perhaps, the Anglo-Nubian is 
the best as regards allround performance; they peoduce 
on an average one litre of milk per day with a lactation 
length of around 250 days. Next, the Saanen and British 
Alpine are considered to be better suited than 
Toggenburg for the tropical regions with good feed 
resources, especially to the sub-tropical regions. 
The black Bengal breed of goats along with its variant 
the Brown Bengal are dwarf goats that are renowned for 
the quality of their meat, through they are very small 
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and hence yield ten kilos or less meat. This breed is well 
suited for more humid regions of the country, i.e., 
eastern and north-eastern states. The efficiency of 
introducing the inheritance of this breed in others for 
improvement of meat quality has not yet been clearly 
established. Mohair, a quality goat fibre, is produced by 
the Angora goat that originated from central China. Its 
hair grows about 12 cm long on an average in long 
lustrous white locks. This breed can be successfully 
used, and is being used, in the hilly regions of the 
country for mohair production. 
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INTRODUCTION 

Sheep (Ovis aries) are quadrupedal ruminant typically 
kept as livestock.  Sheep are most likely descended from 
the wild ‘mouflon’ of Europe and Asia, one of the 
earliest animals to be domesticated for agricultural 
purposes. Sheep are raised for fleece, meat and milk. 
Indian subcontinent is a rich source of diverse ovine 
germplasm, and only very few countries have such a 
large number of breeds with wide genetic diversity. 
Diversified sheep genetic resources in different agro 
climatic region of India has led to the development of 
various breeds/strains that are well adapted to specific 
set of environmental conditions. These breeds have 
generally been named after their place of origin and 
some based on their prominent characteristics. A few 
breeds have been evolved from the base populations 
created by crossing native and fine wool exotic breeds. 
Indigenous sheep contribute greatly to the agrarian 
economy, especially in areas where crop and dairy 
farming are not economical, and play an important role 
in the livelihood of a large proportion of small and 
marginal farmers and landless laborers of the country. 
ORIGIN AND DOMESTICATION OF SHEEP 

Sheep (Ovis aries) are believed to have been among the 
first animals to be domesticated, preceded by the dog 
and goat. The domestication of both sheep and goats 
probably dates back to the pre-settled agricultural 
period. It is also believed that most domestication took 
place in western Asia where the majority of the present 
day small ruminant breeds likely originated. Sheep were 
first domesticated over 10,000 years ago by people in 
ancient Mesopotamia. It is theorized that domesticated 
sheep were bred from the wild sheep species, the 
mouflon, based on their similar number of 
chromosomes. Sheep are native to West Asia. As soon 
as people came to West Asia from Africa, about 60,000 
BC, they started hunting wild sheep with flint-
tippedwooden spears and bows and arrows. But around 
the end of the Stone Age, about 10,000 BC, some people 
in West Asia began to keep tame, domesticated sheep 
for themselves. Probably people began to herd sheep 
because there were so many people living in the area, 
settling down and farming, that wild sheep were getting 
hard to find.  

The taxonomy of wild species of sheep is still 
poorly resolved and has become a source of major 
controversies related to the origins of domestic sheep. 
Depending on the adopted criteria of classification, such 
as morphological traits or the number of chromosomes, 
the genus Ovis comprises between three and nine 
species. All members of the genus produce fertile and 
viable offspring when bred in captivity, and many of 
them also interbreed in the wild. For this reason, unlike 
the other domesticated animals, whose presumed 
ancestors are usually well-recognized and limited to one 
or two wild species, the relative contribution of 
numerous members of the genus Ovis to the gene pool 

of domesticated sheep is still debatable. All three major 
groups of Eurasian wild sheep – mouflon (O. musimon), 
urial (O. vignei) and argali (O. ammon) – have been 
suggested as potential progenitors of domestic sheep. 
Earlier studies indicated that one of the oldest 
domesticated forms of sheep probably originated some 
8000 years ago from urial in the region of the Caspian 
sea and was subsequently adopted by the peoples of the 
Middle East, and later also by early European herders. 
However, a frequent and mixing with argali as well as 
mouflon greatly complicated the history of its 
domestication. 

Recent mtDNA analysis separated the 
phylogenetic tree of the genus Ovis into four distinct 
branches. Two of them contain breeds of domestic 
sheep (O. aries) and resemble brush-like structures 
whose fine details still remain to be determined. One of 
these branches consists of domestic sheep and the 
representatives of the mouflon (O. musimon/O. 

orientalis). The other one appears to group domestic 
sheep, and in stark disagreement with earlier 
suppositions, does not contain urial. One of the two 
remaining branches encompasses various subspecies of 
urial (O. vignei) and argali (O. ammon), whereas a 
separate, distant branch groups bighorn (O. canadensis). 
The two distinct branches of phylogeny of domestic 
sheep suggests that they have been derived from two 
separate ancestral populations, as in other meat 
producing domesticated animals. The topology of 
phylogenetic relationships suggests that mouflon 
(O.musimon/O. orientalis), rather than argali or urial is 
the most probable candidate progenitor of domestic 
sheep. 

The mouflon (Ovis orientalis orientalis group) 
is a subspecies group of the wild sheep (Ovis orientalis). 
Populations of O. orientalis can be partitioned into the 
mouflons (orientalis group) and 
the urials (vignei group). The mouflon is thought to be 
one of the two ancestors for all modern domestic 
sheep breeds. The wild sheep of Corsica was locally 
called mufro (male) and mufra (female). The naturalist 
Buffon rendered this in French as moufflon. It originated 
on the islands of Corsica, Sardina, and Cyprus, but had 
introduced in much of Europe. Like most wild sheep, the 
mouflon lives in mountainous terrain, usually above the 
tree line or in mountain meadows. In Corsica it lives on 
steep-sided rocky peaks, where it is protected from 
predators. 

Mouflon have red-brown, short-haired coats 
with dark back-stripes and light-colored saddle patches. 
The males are horned; some females are horned, while 
others are polled. The horns of mature rams are curved 
in almost one full revolution (up to 85 cm). Mouflon 
have shoulder heights of about 0.9 m and body weights 
of 50 kg (males) and 35 kg (females). 

The ancestral sheep is presumed to have had 
60 chromosomes, as in goats (Capra). Mouflon and 
domestic sheep have 54 chromosomes, with three pairs 
(1+3, 2+8, 5+11) of ancestral acrocentric chromosomes 
joined to form bi-armed chromosomes. This is in 
contrast to the argali and urial, which have 56 and 58 
chromosomes respectively. If the urial is as closely 



COMPENDIUM 

ICAR Sponsored 10 days Short Course on “Conservation of indigenous 

breeds of small ruminants in their respective tracts” 

 

31 | P a g e  

 

related to the mouflons as mitochondrial DNA indicates, 
then two chromosomes would need to have split during 
its evolution away from the mouflon (sub) species. 
POPULATION DYNAMICS OF SHEEP 

The total Sheep contributes around 12.71 percent of the 
total livestock population in India and the total number 
of Sheep in the country is 65.07 million numbers as per 
last Livestack Census Report (2012) which is declined by 
about 9.07 percent over census 2007. The crossbred 
sheep population is about 5.81 percent of the total 
population of sheep available in India. India ranked the 
second position in the world for sheep population of the 
country. Majority of sheep population (around 75 
percent) do not belong to any of the defined breeds. 
India's share to total number of breeds of world is 6.44 
per cent. Total number of distinct sheep breeds in India 
is 42. About five million households in the country are 
engaged in rearing of these small ruminants and allied 
activities for their livelihood. It is estimated that about 
169 m kg of mutton, 42.7 m kg of wool and 40 m kg of 
skins are produced annually from sheep in the country. 

Sheep are generally located in arid zones 
having low rainfall and which are poor in agriculture. 
Most of the sheep in India are raised in regions which 
are too dry, too stony or too mountainous for other 
agricultural purposes or for cattle raising. The largest 
numbers of sheep are available in Andhra Pradesh, 
Karnataka, Rajasthan, Tamil Nadu, Jammu and Kashmir, 
Maharashtra and Gujrat states. Average wool yield of 
sheep is less than one kg per head per year. As for 
mutton, the average weight of Indian sheep varies from 
25-30 kg. The best wool yielding sheep are concentrated 
in the arid region of the northern plains and the Joria 
region comprising Rajasthan and Gujarat. Sheep belongs 
to this region can able to produce low quality wool.  
SPECIAL CHARACTERISTICS OF INDIGENOUS BREEDS 

� The Indian sheep are derived both from Urial and 
Argali stock.  

� They are thin tailed, medium to coarse wool type 
in North temperate and North Western regions 
and hairy type in Southern Peninsular and Eastern 
regions.  

� The present day Indian breeds are the outcome of 
thousands of years of deliberate natural selection 
and field level cross breeding for adaptation to 
specific agro-ecological conditions.  

� During the course of evolution these indigenous 
animals have developed superior heat tolerance as 
well as disease resistance.  

� Indigenous sheep breeds are hardy and are able to 
cover long distances during migration. They are 
relatively better adapted to local climatic 
conditions and can sustain extremely high 
temperature during summer season as compared 
to crossbred sheep. Hence the crossbred and 
exotic sheep have to be grazed during cooler 
hours as they start panting during hot summer 
months. 

� There are substantial evidences for genetic 
variation between indigenous sheep and exotic 
crosses in resistance to internal parasites such as 

Haemonchus contortus, Ostertagia circumcinta 

and Trichostrongylus colubriformis.  
CHARACTERISTICS FEATURES OF INDIAN SHEEP FOR 

THEIR IDENTIFICATION 

BREED DISTINGUISHING FEATURES 

 RED/BROWN/TAN COLOUR 

1) Madras Red    
 

• Red coat colour sheep breed 

• Rams have strong curved 
corrugated twisted horns oriented 
inward outwards while ewes polled 

• Typical prominent Roman nose 
• Ears pendulous and large with 
prominent mid ridge 

2) Kilakarsal • Dark tan colourdorsally, black 
colour ventrally – under belly and 
inner side of legs 
• Black colour noticed above 
eyelids and either side of the lower 
jaw 

• Eyes prominent with black streak 
near the inner canthus 
• Ears are leaf like, semi pendulous 
and medium sized 
• Males- thick flat and twisted 
horns extending horizontally 
laterally and females hornless 
• Rams have long hair along the 
ventral surface of neck 

3) Kenguri 
 

• Mostly dark brown or coconut 
coloured  
• White spot on the forehead and 
sometimes on legs and other body 
parts 
• Males horned while females 
generally polled 
• Horn thick corrugated curved 
with pointed tips runnining 
backward outward and downward 

4) Chevaadu 
 

• Llight brown in colour 
• Dorsal part of body light brown 
colour and ventral part from jaw to 
inguinal region lighter colour  
• Horn highly corrugated curved 
horizontally outward backward 
with few thick ridges 

• Head erected and high in 
disposition 

5) Kendrapada 
 

• Brown in colour 
• Button type horns present only in 
few males 
• Horizontal ears  

• Head, face, belly and legs are 
bare while Rest of the body covered 
with non-lustrous hair  

6) Balangir 
 

• Light brown or mixed colour 
• Males horned and females polled 

• Ears small and stumpy 
• Legs and belly devoid of wool 

7) Ganjam   
 

• Coat colour ranging from brown 
to dark tan 
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• Nose line is slightly convex 

• Males horned and females polled 
• Ears medium-sized and drooping  

8) Chottanagpuri   
 

• Brown in colour, some are white, 
black or black and brown 

• Horns curved directing laterally 
backward, downward forward with 
numerous ridges 
• Both sexes are polled  
• Ears small and parallel to the 
head 

 BLACK COLOUR 

9) Katchaikatty 
Black 

 

• Medium in size with compact 
body 

• Black in colour  

• Horns large and widespread and 
twisted outwards 

• Face of moderate length, 
concave with depression, forehead 
moderately broad  

10) Tiruchi Black 
 

• Small sized animals 
• Body is completely black 
• Males horned and ewes polled 
• Ears short and directed 
downward and forward 

11) Deccani    
 

• Colour predominantly black or 
black with white markings  
• Face narrow with Roman nose 
• Ears medium long, flat and 
drooping 
• Wattles absent  
• Head and face are bare whlie 
legs covered up to shoulder & 
fetlock joint  
• Rams usually horned but ewes 
polled  
• Belly and legs devoid of wool  

 BLACK FACE 

12) Marwari   
 

• Face typically black and the 
colour extends up to lower part of 
neck 
• Head covered with black hair  
• Twisted tubular ear and 
extremely small in size 
• Nose straight, flat and tapering 
• Both sexes polled 

13) Pugal 
 

• Black face with small light brown 
stripes on either side above the 
eyes  
• Both sexes polled 

• Ears are short and tubular 
• Fleece colour varies from white 
to light brown. 

14) Hassan • White body with light brown or 
black spot on different parts of the 
body 
• Females usually polled, about 30-
40% of the males horned and 
remaining polled 

• Horns curved, backward, 

outward and downward 

• Ears medium-long and drooping 
• Legs and belly are generally 
devoid of wool 

15) Jaisalmeri 
 

• Tall and well-built body condition 

• Black or dark brown face, the 
colour extending upto neck 

• Big Head with typical Roman 
Nose 
• Long drooping ears, generally 
with a cartilaginous appendage 
• Both sexes polled 

• Largest breed in body size of the 
eight breeds of Rajasthan  

16) Coimbatore    
 

• White colour body with black 
colour face extending up to 
shoulder 

• Ears medium-sized and directed 
outward and backward 

• All Females and majority of 
males polled 

• Orientation of horn backward, 
outward and twisted 
• Head and face devoid of wool 

17) Tibetan    
 

• Mostly having white coat colour 
with black or brown face  
• Nose line convex, giving a typical 
Roman nose 
• Ears small, broad and drooping 
and pendulous   
• Rams horned while ewes polled 
• Medium sized spiral horns 
running upward, downward and 
upward with a sharp tip 
• Belly, legs and face devoid of 
wool. Brown or black wool are 
present on neck 

18) Bellary    
 

• Most common colour black with 
black face and black with white 
patches 
• Ttubular ears medium in size, flat 
and drooping 

• One third of the males are 
horned; females generally polled 

• Horns thick at the base, 
corrugated and curved in rams with 
pointed tips 

• Belly and legs devoid of wool 
• Bellary not very different from 
Deccani 

19) Jalauni 
 

• White body colour with white or 
black face 
• Ears large, flat and drooping 
• Both sexes polled 
• Belly, legs and face devoid of 
wool 

20) Karnah 
 

• Ears pendulous and medium 
sized 

• Nose line prominent 
• 94% Rams have large curved 
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horns. All females polled 

• Horns backward turn and then 
forward and upward with pointed 
tips 
• Body colour is white with a few 
animals having black or brown 
spots on face  

21) Bhakarwal   
 

• Generally white, although 
coloured fleeces are occasionally 
observed  

• Head black in colour   
• Tan or brown colour round the 
eyes and muzzle  
• Typical Roman nose  

• Ears generally long, broad and 
drooping  

• Rams horned, while ewes 
generally polled  
• Horns curved backward and 
downwards  
• Head, face and legs are devoid of 
wool  

22) Gurez   
 

• Body colour predominantly white 
with brown or black colour on 
muzzle and around eyes 
• Males horned whereas Females 
polled   
• Peculiarity of breed is multiple 
horns which is detected in some 
animals of both sexes 
• Ears long, thin and pointed   

23) Ramnad 
White 

• Predominantly white with black 
colour on the ventral aspect of 
body and in inner canthi of eyes   
• Ears leaf like and semi-pendulous 
and directed outward and 
downward 
• Rams twisted bent Spiral, thick 
corrugated running backward and 
outward horned and ewes polled  
• Body covered with short hair 

24) Vembur    
 

• Body colour white with fawn to 
black patches all over the body 
including head 

• Ears are medium-sized long and 
drooping 

• Males having prominent twisted 
horns while females are polled 

• Body covered with short hairs 
which are never shorn 

 DARK BROWN FACE 

25) Chokla   
 

• Coat colour is white 
• Face colour dark brown (Raata 
Munda), and the colour may extend 
upto middle of neck 
• Face generally devoid of wool 
with broad forehead having 
prominent Roman nose 
• Head comparatively small with 
brown in colour 

• Ears small to medium in length 
and tubular 
• Both the sexes polled 

• Legs short with small hard black 
hooves with rare exceptions of 
white hooves 
• Pink Skin 

26) Patanwadi 
 

• Typical Roman nose with brown 
face which may be tan in a few 
cases 

• Ears are medium to large, tubular 
with a hairy tuft 

• Both sexes are polled 
27) Nali   
 

• Compact head, short legs with 
amber hooves 

• Generally white in colour 
• Face light brown which may 
extend to the neck 
• Skin colour is pink 

• Ears large leafy 
• Both sexes polled 
• Forehead, belly and legs covered 
with wool and the face full of light 
brown hair 
• Fleece white, coarse, dense and 
long stapled 
• Heaviest fleeces among the 
breeds of Rajasthan 

28) Gaddi   • Mostly white, with brown 
coloured faces 

• Usually white in colour  
• Brown coloured hair on their 
face 

• Rams horned and ewes hornless 

• Generally curved and medium 
sized horn found in rams  

29) Mandya   
 

• Typical U-shape conformation   
• Coat color white with light brown 
face usually extending upto neck 

• Two short wattles hanging near 
the neck 

• Ears long, leafy and drooping 

• Roman nose   
• Both sexes polled 

• Males rarely have scurs or small 
horns 

• A large percentage of animals 
carry wattles 

• Mandya devoid of any wool 
30) Malpura 
 

• Face colour is light brown 
extending up to the neck 

• Ears short and tubular with a 
small cartilaginous appendage on 
the upper side 
• Nose typically Roman type 

• Both sexes polled 
• Belly and legs devoid of wool  

31) Sonadi   
 

• Well-built body with light brown 
face 
• Somewhat smaller than Malpura, 
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with long legs 

• Prominent nose and large 
droopins ear, flat and drooping 

• Ears generally have a 
cartilaginous appendage 

• Both sexes polled 
• Body covered with white, open 
and coarse fleece 
• Belly, legs and head devoid of 
wool 

 WHITE COLOUR 
32) Changthangi • Strongly built, large framed with 

good fleece cover   
• White coloured coat with brown 
patches on eyelids, legs, ears, 
muzzle, hocks and hooves 
• Horns long, curving backward, 
downward, forward and upward 
• Ears drooping and medium in 
size 
• Legs, face and tail devoid of wool 

• Fleece an extraordinary long 
staple  

33) Garole 
 

• Small-sized breed 
• Small ears about 10% of animals 
have rudimentary ears (<3 cm) 
• Compact and square body with a 
small head, medium ears and a 
short thin tail 
• Grey and white are the 
predominant colours 
• Males are usually horned and 
females are polled 
• Horns small, straight and little 
curved in the end    

34) Poonchi 
 

• Predominantly white in colour, 
including the face   
• Ears medium long and drooping 
• Legs short giving a low-set 
conformation 
• Nose and forehead flat 
• Majority of the sheep hornless 

• Legs and face are devoid of wool 
• Similar in appearance to Gaddi 
but smaller 

35) Nilgiri 
 

• Coat colour generally white; 
exceptionally there are brown 
patches or spots on their body and 
face 

• Face line convex, giving a typical 
roman nose 
• Ears generally pendulous, broad, 
flat and drooping 
• A small horny scur present in 
males and females polled 

36) Rampur 
Bushair  

 

• Predominantly white in colour    

• Ears flat long and drooping 
• Face line convex, giving a typical 
Roman nose 
• Curling backward, downward and 

outwards horns are found in Rams 

• Males horned and most females 
polled 

• Legs, belly and face devoid of 
wool 

37) Muzzafarnagri • Face and body white with 
occasional patches of brown or 
black 

• Ears and face occasionally black 
• Ears long and drooping 

• Face line slightly convex 
• Tails extremely long and extend 
up to fetlock 
• Although both sexes are polled 
but males occasionally show 
rudimentary horns 

• Belly and legs devoid of wool 

• One of the heaviest and largest 
sheep breeds of India  

38) Magra   
 

• Well-built body with light pink 
skin covering 

• White face with light brown 
patches around the eyes is the 
characteristic of this breed 
• Head without any wool but 
covered with white hair 
• Forehead flat 
• Ears stumpy or small and tubular 
• Both the sexes polled 

39) Shahabadi   
 

• Usual colour white with coloured 
faces 
• Long legs, distinct Roman nose, 
long tails and in general they are 
sturdy sheep 
• Ears long and drooping 
• Both sexes polled 
• Legs and belly devoid of wool 

40) Bonpala 
 

• Well-built tall animal with white 
coat colour and black face colour 
wool 

• Ears small and tubular 
• Both sexes horned 
• Horns thick and long in Rams and 
thin and small in Ewes 

• Horns directed slightly upward 
before running backward, and then 
twisted forward and outward 
• Nose typically roman type more 
prominent in males 

• Ears small and tabular 
• Belly and legs devoid of wool 

41) Mecheri   
 

• Light tan or light brown or pale 
purplish with darker shade over the 
neck 
• Nose line slightly Roman type 

• Ears medium-sized 
• Both sexes polled 
• Body covered with very short 
hairs  

42) Nellore    • Red or white with or without 
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 black colour on the ventral side 

• Long face and long ears and may 
show the two appendages of skin 
hanging from the throat 
• Ears long and drooping 

• Rams spiral horns like some of 
the ancient Egyptian sheep 

• The ewes are almost always 
polled 
• Both sexes of the animals carry 
wattles 
• Little hair except at brisket, 
withers and breech 
• Tallest breed of sheep in India 
and resembling like goats 

 

CLASSIFICATION OF BREEDS 

At present, India posseses 42 well established breeds 
belonging to the genus Ovis (family Bovidae, subfamily 
Caprinae). India can be divided, on the basis of the 
agroclimatic conditions and the type of sheep, into four 
regions, viz.  Geographical distribution of Sheep breeds. 
Hence, the sheep breeds have been classified on the 
basis of agro-ecological regions viz. a) North temperate 
region, b) North-Western arid and semi arid region c) 
Southern peninsular region and d) Eastern region.  

Classification has also been based on major 
products i.e. a) apparel wool, b) carpet wool, c) meat 
and carpet wool and d) meat types. The description of 
most of breeds is based on physical conformation and 
body size with some indication of the major products 
obtained from breeds. Of the breeds of sheep, Marwari 
in North West and Deccani in southern-peninsular are 
numerically the most important and may be the largest 
contributors to carpet wool and meat production in the 
country. Region wise classification for the development 
of sheep genetic resources is being discussed here: 
The Northern Temperate Region: 

 The region comprises Jammu and Kashmir, Himachal 
Pradesh and hilly regions of Uttaranchal. The entire 
northern hilly region falls under the influence of the 
Himalayas. The area mostly comprises with mountains 
of various altitudes and valleys containing vast forests 
and pasture lands. The rainfall is moderate to heavy 
during monsoons and big mountains ranges above 2,500 
metres are often subjected to snow falls during winters. 
Most flocks are small and stationary. However, about 20 
percent of the flocks are migratory and are 
comparatively bigger in size. The stationary flocks graze 
in harvested fields, along the waterways, in forests and 
in permanent pastures on common grazing land. The 

migratory flocks graze on foothills and in the valleys in 

winter and move to high altitude forests and alpine 

meadows in summer. 

This region has a sheep population of 4.69 

million. The region carries 7.21 percent of the total sheep 

population and produces 6 percent of the total wool 

production in the country. The important sheep breeds 

are Rampur Bushair, Gaddi, Gurej, Karnah, Bhakarwal, 

Poonchi, Kashmir Merino and Changthangi. 

Sheep belong to this region generally produce 

apparel wool.  Sheep yield a mixed fleece of hair and fine 

wool. About 25 percent of the wool produced in this 

region is of 36-48s quality, suitable for carpets and the 

rest is above 48s and is suitable for apparel and superior 

quality carpets. Around 1/3
rd

 of the sheep in Jambu and 

Kashmir and about 15-20 percent in other parts of this 

region are crosses of native breeds with exotic fine wool 

breeds.  

The wool of this region is long stapled soft and 

fine, and is entirely utilized for the manufacture of 

shawls, coarse light blankets (Lohis), Pashmina, Pattus, 

etc.  Majority of the flocks have white fleece, although a 

large number of sheep with brown and grey wool are 

also raised. Shep of superior fleece and with fine 

undercoat are found to inhibit 2,400-3,600 m high hilly 

ranges where grazing conditions and raimfall are 

adequate. Sheep found in the eastern side of the 

Gaehwal district and those inhibiting lower altitudes 

have coarser fleece. Flocks of sheep in Kangro, Chamba, 

Kulu and Kashmir valleys periodically move to higher 

altitudes and have wool of better quality.  

Most of these have been involved over the last 

few years in cross-breeding with exotic finewool breeds 

for increasing apparel wool production. The largest 

population of crossbred sheep primarily developed for 

apparel wool is in this region. In Jammu and Kashmir the 

crossbred sheep, mostly Merino crosses with variable 

level of Merino inheritance known as Kashmir Merino, 

constitute almost 50 percent of the population 
SHEEP BREEDS OF NORTHERN TEMPERATE REGION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The North-Western Arid and Semi Arid Region:  
This region comprises Rajasthan, South-east Punjab, 
Gujarat, plains parts of Western Uttar Pradesh, Haryana, 
Madhaya Pradesh and Chhattisgarh. The climate is 
extremely hot during summer and fairly cold during 
winter. Rainfall ranges from low to moderate. The 
region consists of vast alluvial plains with scattered hills 
and sandy desert with undulating topography. The 
region is very receptive to sheep farming and the flocks 
are of stationary, semi-migratory or migratory types. 

In Gujarat 67% and in Rajasthan 86% are 
reported to be stationary, while in Haryana and Punjab, 

Breed Location Main 

uses 

Characterization Conservation 

Morphological Genetic In-

situ 

Ex-

situ 

Bhakarwal Jambu and 
Kashmir,  
migratory 
flock 

Carpet 
wool 
 

NATP-MM 
 (Jambu & 
Kashmir) 

NATP-
MM 
(Karnal) 

- - 

Changthangi Changthang 
region of 
Ladakh  

Carpet 
wool 

NWP, NBAGR, 
Karnal 
(SKUAST 
Srinagar) 

 
- 

- - 

Gaddi Kulu, 
Kangra and 
Chamba 
districts of 
Himachal 
Pradesh. 

Carpet 
wool 

NATP-PSR 
(Palampur) 

NATP-
PSR 
(Karnal) 

- - 

Gurez Gurez tehsil 
in northern 
Kashmir 

Carpet 
wool 

NATP-PSR  
(Jambu 
&Kashmir) 

NATP-
PSR 
(Karnal) 

-  

Poonchi Poonch and 
Rajori 
districts of  
Jambu and 
Kashmir 

Carpet 
wool 

- - - - 

Rampur 
Bushair 
 

Rampur 
Bushair, 
Simla, 
Kinnaur, 
Nahan, 
Bilaspur 
and Lahaul 
Spiti 
districts of 
Himachal 
Pradesh. 

Carpet 
wool 

NWP, NBAGR, 
Karnal 
(HPKV, 
Palampur) 

- - - 

Karnah Karnah in 
north 
Kashmir 

Apparel 
wool 

NATP-PSR  
(Jambu & 
Kashmir) 

NATP-
PSR 
(Karnal) 

- - 

Kashmir 
Merino* 

Kashmir 
valley 
 

Apparel 
wool 

- - - - 
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there is almost no migration except within districts. In 
Rajasthan about 0.9 million sheep, belonging to Merta 
and Nagaur tehsils of Nagaur district and Bilara and 
Jodhpur tehsils of Jodhpur district, are on permanent 
migration and not brought to their homestead at any 
time of the year. 

This region has the second largest population 
of sheep of the four regions. The region has about 12.83 
million, 19.69 percent of total sheep population and 
produces 64 percent of the total wool in India and wool 
produced is mostly suited for manufacture of carpets, 
felts and blankets. Important breeds of sheep in this 
region are Chokla, Magra, Nali, Pugal, Marwari, Malpura, 
Sonadi, Jaisalmeri, Kheri, Patanwadi, Munjal, 
Muzaffarnagri, Jalauni and Hissardale. This region is the 
most important in the country for carpet-wool 
production. Chokla and Patanwadi produce good-quality 
carpet/medium-quality apparel wool. Malpura and 
Sonadi have extremely coarse and hairy fleeces and are 
to good-quality carpet wool. Different breeding 
strategies have been adopted in different regions for 
improving wool production, quality and body weight in 
sheep. In north western region emphasis is on improving 
carpet wool production. 

The sheep found here are well adapted to the 
intense heat and severe cold. In this zone, sheep are 
reared by a special class of herders known as Rebaris. 
The Rebaris move with their flocks during the rains in 
the desert or arid hills where the sheep graze on dry 
healthy land. After the rainy season the Rebaris move to 
the harvested field.  
SHEEP BREEDS OF NORTHWESTERN AND SEMIARID 

REGION 

Breed Locatio

n 

M

ain 

us

es 

Characterizat

ion 

Conservatio

n 

Morph

ologic

al 

Ge

net

ic 

In-

situ 

Ex-

situ 

Chokla Nagaur, 
Sikar, 
Churu 
and 
Jhunjhu
nu 
districts 
of 
Rajasth
an 

Ca
rp
et 
wo
ol 

NBAGR 
(Karnal
) 

NB
AG
R 
(Ka
rna
l) 

- - 

Magra Bikaner, 
Nagaur, 
Jaisalm
er and 
Churu 
districts 
of 
Rajasth
an 

Ca
rp
et 
wo
ol 

- NB
AG
R 
(Ka
rna
l) 

NW
P, 
NB
AG
R, 
Kar
nal 
(RA
U 
Bik
ane
r) 

- 

Nali Gangan
agar, 

Ca
rp

NBAGR 
(Karnal

NB
AG

- 
 

- 

Churu 
And 
Jhunjhu
nu 
district 
of 
Rajasth
an 

et 
wo
ol 

) R 
(Ka
rna
l) 

Patan
wadi 

Saurash
tra, 
Kutch,P
atan, 
Kadi, 
Kalol, 
Sidhpur 
and 
Mehsan
a 
districts 
of 
Gujarat 

Ca
rp
et 
wo
ol 

- NW
P, 
NB
AG
R, 
Kar
nal  
(GA
U 
An
and
) 

- - 

Hissar
dale* 

Hissar M
eat
,  
car
pe
t 
wo
ol 

- - - - 

Jaisal
meri 

Jaisalm
er, 
Barmer 
and 
Jodhpur 
districts 
of 
Rajasth
an 

M
eat
, 
 
car
pe
t 
wo
ol 

NATP-
PSR 
(CSWR
I 
Avikan
agar) 

NA
TP-
PSR 
(Ka
rna
l) 

- CSW
RI 
Avika
naga
r 

Jalauni Jalaun, 
Jhansi 
and 
Lalitput 
districts 
of U.P. 

M
eat
,  
car
pe
t 
wo
ol 

NBAGR 
(Karnal
) 

- - - 

Kheri* Merta, 
Nagaur, 
Jodhpur
, 
SawaiM
adhopu
r, Tonk 
districts 
of 
Rajasth
an 

M
eat
,  
car
pe
t 
wo
ol 

NBAGR 
(Karnal
) 

NB
AG
R 
(Ka
rna
l) 

- - 

Malpu
ra 

Malpur
a 
Jaipur, 
Tonk, 
Ajmer, 

M
eat
,  
car
pe

NATP-
PSR 
(CSWR
I 
Avikan

NA
TP-
PSR 
(Ka
rna

- - 
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Bhilwar
a, Bundi 
and 
Sawai 
Madho
pur 
districts 
of 
Rajasth
an 

t 
wo
ol 

agar) l) 

Marw
ari 

Jodhpur
, Jalor, 
Nagaur, 
Pali and 
Barmer, 
Ajmer 
and 
Udaipur 
districts 
of 
Rajasth
an and 
Jeoria 
region 
of 
Gujarat. 

M
eat
,  
car
pe
t 
wo
ol 

NBAGR 
(Karnal
) 

NB
AG
R 
(Ka
rna
l) 

- - 

Munjal
* 

Hissar , 
Ambala 
and 
Karnal 
districts 
of 
Haryan
a, 
Patiala 
and 
Bhatind
a 
districts 
of 
Punjab 

M
eat
,  
car
pe
t 
wo
ol 

CSWRI, 
Avikan
agar 

 - - 

Muzza
farnag
ri 

Muzzaff
arnagar
, 
Bulands
hahar, 
Saharan
pur, 
Meerut 
and 
Bijnor 
districts 
of U.P. 
and 
Dehrad
un 
district 
of 
Uttaran
chal. 

M
eat
,  
car
pe
t 
wo
ol 

NBAGR 
(Karnal
) 

NB
AG
R 
(Ka
rna
l) 

- - 

Pugal Bikaner 
and 

M
eat

NATP-
MM 

NA
TP-

- - 

Jaisalm
er 
districts 
of 
Rajasth
an 

, 
car
pe
t 
wo
ol 

(Karnal
) 

M
M 
(Ka
rna
l) 

Sonadi Udaipur
, 
Dungar
pur and 
Chittorg
arh 
districts 
of 
Rajasth
an 

M
eat
,  
car
pe
t 
wo
ol 

NBAGR 
(Karnal
) 

NB
AG
R 
(Ka
rna
l) 

- - 

The Southern Peninsular Region:  

This region is semiarid in the central peninsula and hot 
and humid along the coast. It comprises the states of 
Maharashtra, Andhra Pradesh, Karnataka, Tamil Nadu, 
Kerala and other territories in the central area. The 
topography of this region is comprised of highlands, 
plateaus, fluvial deltas and planes, mountain ranges and 
sandy tracts. The climate is warm and humid for a 
greater part of the year with a small spell of moderate 
cold during winter. The rainfall is moderate to heavy. 
This region has the largest sheep population of the 
country: 43.51 million, i.e. 66.88 percent of the total. 
There is very little migration of the kind observed in the 
northwestern region. In Maharashtra, about 80 percent 
of the sheep are stationary. Most flocks begin migration 
between October and February and return to their 
homestead by May to July, at or before the onset of 
monsoon. Only a few families move with their flocks; in 
most, one or more members of the family look after the 
flock during migration. Most flocks remain within their 
districts or move only to neighbouring districts. In 
Andhra Pradesh, 94 percent of the flocks are recorded 
as stationary, the migration pattern being similar to that 
in Maharashtra. Important breeds of sheep of this area 
are Deccani, Bellary, Nellore, Chennai Red, Mandya, 
Tiruchy Black, Mecheri, Ramnad White, Nilgiri, 
Coimbatore, Kilakarsal, Kenguri, Hassan and Vembur. 
Almost half of these produce no wool; the rest produce 
very coarse, hairy and coloured fleeces (Deccani, Bellary, 
Mandya, Coimbatore and Mecheri).  

Sheep are reared here both for wool and 
mutton. Most sheep in this region, except the Nilgiri, are 
maintained primarily for meat and manure. Nilgiris 
produce fleece of good quality. Nearly 19.16 percent of 
the total wool produced in the contry produced in this 
region. The wool is of below 36s quality, excepting for a 
small quantity produced by Nilgiri sheep which is above 
48s. The wool is thus suitable for extremely coarse 
carpets, barrack blankets and handspun woven kumlies. 
Basically, there are two types of sheep in this zone viz., 
wool type and meat type.  

The Nellore is the tallest breed and Mandya, 
also known as Bandur or Bannur, is the shortest, and 
among the Indian breeds has the best meaty 
conformation. The majority of breeds in TamilNadu, 
Andhra Pradesh and Karnataka, except Bellery or 
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Deccani, fall within the range of height and colour of 
Nellore and Mandya. In this region selection among 
better indigenous mutton breeds such as Nellore and 
Mandya and upgrading of inferior mutton breeds with 
these has been adopted.  
SHEEP BREEDS OF SOUTHERN PENINSULAR REGION 
Breed Location Main 

uses 

Characterization Conservatio

n 

Morphol

ogical 

Gene

tic 

In-situ Ex

-

sit

u 

Nilgiri Nilgiri hills 
of Tamil 
Nadu 

Appa
rel 
wool 
 

- - NWP, 
NBAG
R 
(Karnal
) 
TANU
VAS, 
Chenn
ai 

- 

Bellary Bellary, 
Davangere
, Haveri 
and 
Chitradurg
a districts 
of 
Karnataka 

Meat
, 
carp
et 
wool 

NBAGR 
(Karnal) 

NBA
GR 
(Karn
al) 

- - 

Coimbat
ore 

Coimbator
e and 
Dindigul 
districts of 
Tamil 
Nadu 

Meat
, 
carp
et 
wool 

NWP, 
NBAGR 
(Karnal) 
Vet. Coll., 
Namakkal 

- - - 

Deccani Semi arid 
areas of 
Maharasht
ra, Andhra 
Pradesh 
and 
Karnataka. 

Meat 
 

NWP, 
NBAGR 
(Karnal) 
BAIF, 
Urlikanch
an 

- - - 

Hassan Hassan 
district of 
Karnataka 

Meat 
 

NBAGR 
(Karnal) 

NBA
GR 
(Karn
al) 

- - 

Kenguri Raichur 
district of 
Karnataka 

Meat 
 

NBAGR 
(Karnal) 

NBA
GR 
(Karn
al) 

- - 

Kilakars
al 

Virudunag
ar & 
Ramnathp
uram 
districts of 
Tamil 
Nadu 

Meat 
 

- - NWP, 
NBAG
R 
(Karnal
) 
TANU
VAS, 
Chenn
ai 

- 

Madras 
red 

Chingalpet 
and 
Madras 
districts of 
Tamil 
Nadu 

Meat 
 

- - - - 

Mandya Mandya 
and 
bordering 
Mysore 
districts of 
Karnataka. 

Meat 
 

NBAGR 
(Karnal) 

- - - 

Mecheri Salem, 
Erode and 
Namakkal 
districts of 
Tamil 
Nadu 

Meat 
 

NWP, 
NBAGR 
(Karnal) 
TANUVAS
, Chennai 

- - - 

Nellore Nellore, 
Prakashan, 
Ongole 
districts of 
Andhra 
Pradesh 

Meat 
 

- - - - 

Ramnad 
white 

Ramnathp
uram & 
Virdunaga
r 
districts of 
Tamil 
Nadu 

Meat 
 

- - - - 

Tiruchi 
black 

Tiruchy, 
Perambalu
r, 
Tiruvanna
malai, 
Salem and 
Dharampu
ri districts 
of Tamil 
Nadu 

Meat 
 

- - - - 

Vembur Tuticorin 
and 
Virudunag
ar districts 
of Tamil 
Nadu 

Meat 
 

- - - - 

Katchaik
atty 
Black 

Vedipatti 
block of 
Madurai 
district of 
Tamil 
Nadu 

Meat - - - - 

Chevaa
du 

Tirunelveli 
District of 
Tamil 
Nadu. 

Meat - - - - 

The Eastern Region:  
The region comprises the states of Bihar, Jharkhand, 
West Bengal, Orissa, Assam, Meghalaya, Arunachal 
Pradesh, Mizoram, Manipur, Tripura, Nagaland and 
Sikkim. It is mostly hot and humid, except for some parts 
of eastern states, which are sub-temperate and humid. 
With its wet, humid and hot climates is not an important 
sheep raising area of the country. The topography in this 
region represents vast variation including hill ranges and 
valleys of northeastern areas, alluvial plains with 
uplands and downlands in some areas in Bihar and 
plateaus and table-land in Orissa. There is maximum rain 
in this part of the country and therefore the climate is 
humid during most part of the year. In the plains most of 
the flocks are stationary, migrating to neighbouring 
districts only in scarcity periods. 

The total sheep population of this region is 
4.04 million. The region carries 6.22 percent of the total 
sheep population and produces 2 percent of the total 
wool. The important breeds are Shahabadi and 
Chottanagpuri in Bihar, Jharkhand and part of West 
Bengal, Garole sheep in West Bengal, Ganjam and 
Balangir in Orissa, Bonpala in Sikkim and Tibetan sheep 
in parts of Arunachal Pradesh and Sikkim. Most of the 
breeds are primarily maintained for meat and the 
animals produce extremely coarse and hairy fleeces. 
Except for small pockets in Arunachal Pradesh and 
Sikkim boarding Tibet, where Tibetan sheep yield good 
carpet wool and medium apparel wool, most sheep in 
the region produce extremely coarse and hairy fleeces. 
The majority of sheep in this region are raised for 
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mutton and the sheep yield of coarse wool. This wool 
produced in this region is used for making rough quality 
coarse carpets, kambals, druggets and blankets.  Most of 
the wool is of below 36s quality except in the Tibetan 
sheep which produces good carpet-quality wool.  

In eastern and northeastern regions, emphasis 
is on improving quality and quantity of carpet wool 
through grading with better indigenous carpet wool 
breeds and crossing with exotic fine wool breeds. 
SHEEP BREEDS OF EASTERN REGION 

 

 Bree

d 

Location Mai

n 

use

s 

Characterization Conserva

tion 

Morphol

ogical 

Gen

etic 

In-

situ 

Ex

-

si

tu 

Tibetan Sikkim 
and 
Kameng 
districts 
of 
Arunachal 
Pradesh 

Car
pet 
wo
ol 

- - - - 

Balangir Balangir, 
Sambalpu
r and 
Sundargar
h districts 
of Orissa 

Me
at, 
car
pet 
wo
ol 

 
- 

- - - 

Bonpala Southern 
part of 
Sikkim 

Me
at, 
car
pet 
wo
ol 

NWP, 
NBAGR, 
Karnal 
State 
Animal 
Husband
ry 
Departm
ent, 
Sikkim 

- - - 

Chottan
agpuri 

Chottanag
pur, 
Ranchi, 
Palamau, 
Hazaribag
h, 
Singhbhu
m and 
Dhanbad 
districts of 
Jharkhand 

Me
at, 
car
pet 
wo
ol 

NWP, 
NBAGR, 
Karnal 
BAU, 
Ranchi 

- - - 

Ganjam Koraput,P
hulbani 
and part 
of Puri 
districts of 
Orissa 

Me
at, 
car
pet 
wo
ol 

- - - - 

Shahbad
i 

Shahabad, 
Patna and 
Gaya 
districts of 
Bihar 

Me
at 
 

- - - - 

Garole Sundarba
n region 
of West 
Bengal 

Me
at  

NBAGR, 
Karnal 
NATP-
MM 

NBA
GR, 
Karn
al 
NAT
P-
MM 

- - 

Kendrap
ada 
 

Kendrapa
da, Puri, 
Jagatsingp
ur, 
Cuttack, 
Bhadrak 
and Jajpur 
district. 

     

* Breeds not included in the list recognized at the 

National level. 

SHEEP DIVERSITY 

India’s vast genetic resources in sheep are reflected by 
the availability of 42 breeds. They are mostly evolved 
naturally through adaptation to agro-climatic conditions 
as they are generally been named after their place of 
origin or on the basis of prominent characteristics. A few 
breeds, e.g. Hissardale, Kashmir Merino and Nilgiri, 
Avivastra and Avikalin are crossbreds involving native 
and exotic breeds. A sizable population of sheep is 
nondescript. Although sheep are classified on different 
bases, the Indian breeds may be best classified on the 
basis of their degree of suitability for mutton or wool 
production as follows. 
Apparel Wool Breeds: The apparel wool breeds are 
Hissardale, Nilgiri, Kashmir Merino and Avivastra. These 
are crossbreds of native and exotic fine 
wool/dual/mutton breeds. The numbers and 
distribution of Hissardale and Nilgiri are very limited. 
Kashmir Merino, though large in number, has no definite 
level of exotic fine wool inheritance and has involved 
almost all the native breeds of Jammu and Kashmir. 
Superior Carpet Wool Breeds: Chokla, Nali, Marwari, 
Magra, Jaisalmeri, Pugal, Patanwadi, Tibetan, Bonpala, 
Gaddi, Rampur Bushair, Poonchi, Karnah, Gurez and 
Chantangi are superior carpet wool breeds. 
Coarse Carpet Wool Breeds: Malpura, Sonadi, 
Muzaffanagri, Jalauni, Deccani, Bellary, Coimbatore, 
Chhotanagpuri, Balangiri, Ganjam, Bhakharwal and 
Shahabadi are classified as coarse carpet wool breeds. 
Hairy Meat Breeds: The sheep is maintained primarily 
for meat almost in the whole of the southern Peninsular 
region. Almost half of their population do not produce 
wool. The wool produced here is very coarse, hairy and 
coloured. This is of below 36s quality and is suitable only 
for extremely rough carpets, barrack blankets and 
kamblies. Hairy meat breeds include Nellore, Tiruchy 
Black and Kenguri. 
 
DIVERSITIES IN SHEEP BREEDS 

Large and biologically diverse sheep population of India 
is comprised of sheep exhibiting more than one strains, 
phenotypically similar breeds from adjoining areas 
named as separate breeds, phenotypically similar breeds 
groups, sheep evolved in farmers flock, recently 
rediscovered sheep, least discussed sheep and breeds 
exhibiting unique characteristics. 
Breeds exhibiting more than one strains: Some of the 
breeds exhibit more than one strains in some of the 
breeds namely Patanwadi, Deccani and Nellore. 
Patanwadi the red faced, roman nosed breed of Gujarat 
has three types (a) non-migratory; small bodied and 
fleeced Patanwadi, (b) migratory; with long tubular ears 
and relatively coarse fleeced-Kathiawadi and (c) low 
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statured, meat type, having coarse fleece Charotari also 
called Sonadi in Rajasthan. However, looking to the 
phenotypic appearance of Sonadi and Patanwadi their 
genetic similarity needs to be verified. 

The sheep of Deccani breed are not uniform 
and their coat colour varies from black to white and the 
mixture of the two. It has been estimated that about 57 
percent of Deccani are black, 28 per cent white and 15 
per cent have a mixed coat colour. The varieties of 
Deccani are Lonad, Sangamneri, Solhapuri (Sangola) and 
Kolhapuri. Sangamneri type sheep has a stronger body 
constitution and higher wool yield. Their wool is coarser 
and of longer staple. Sangola type sheep have higher 
proportion of black colour sheep and produce finer 
fleeces. Nellore sheep in Andhra Pradesh has three 
varieties distinguished primarily on the basis of colour 
viz., Jodipi, Palla and Dora (a) Jodipi (also called 
Jodimpu) with black spots particularly around the lips, 
eyes and lower jaw and also on belly and legs (b) Palla 
completely white or white with light brown spots on 
head, neck, back and legs and (c) Dora, completely 
brown. Differences between the strains at genetic level 
need to be looked into to name them as separate 
breeds.  
Phenotypically similar breeds from adjoining areas 

named as separate breeds: Some of the breeds of the 
adjoining areas have been identified as separate breeds 
although they may be similar, to each other genetically. 
The phenotypic differences may be due to selection for 
adaptation to specific conditions. The Chennai Red in 
Tamil Nadu, Nellore in Andhra Pradesh and Ganjam 
sheep in Orissa identified, as separate breeds appear to 
be similar but their actual genetic differences are not 
known. 
Phenotypically similar breed groups: In Rajasthan, the 
so-called Bikaneri sheep include brown faced Chokla, 
Magra and Nali breeds, whereas Marwari, Jaisalmeri and 
Kheri are black-faced sheep. The phenotypic differences 
among them might have been due to assortative mating. 
Genetic differences, if any, among similar groups need 
to be established. 
Sheep evolved by farmers/pastoralists: Migratory 
pastoralists in Rajasthan had selected for, and helped to 
develop, a new breed of sheep, called Kheri, in response 
to the increasing drought incidence and declining 
pasture availability. Kheri sheep is considered to have 
originated from a crossbred base with unknown levels of 
inheritance of Marwari, Malpura and Jaisalmeri sheep. 
The Kheri sheep contributes substantially to the 
economy of the landless and original farmers in the arid 
zone where the crop production is unpredictable due to 
scanty and erratic rainfall. Animals of Kheri sheep are 
distributed largely in Nagaur, Jodhpur and Tonk districts 
of Rajasthan.  
Rediscovered sheep: Recently rediscovered Garole 
sheep is found in the Sunderban area of West Bengal 
and is highly prolific, adapted to marshy areas and 
possibly has contributed to development of prolific 
strains of Merino sheep breed in Australia. 
Least discussed breed: Munjal sheep is the least 
discussed among Indian sheep breeds. Information on 
population and production performance of this breed is 

scanty. Munjal is one of the important mutton type 
sheep. Animals of this breed are quite big and tall. 
Average adult body weight is around 45 kg. In a survey 
conducted in 1999 by Kushwaha and his coworkers, it 
was observed that the population of this breed is 
90,000. Animals of Munjal breed are found around 
Muktsar, Bhatinda, Firojpur, Faridkot districts of Punjab 
and Hissar, Ambala, Karnal districts of Haryana. 
Breeds exhibiting unique characteristics: All the 
indigenous sheep breeds are known for adaptability 
under varied climate conditions, which is obvious from 
their long struggle against the natural forces. Some of 
the unique features have been identified in few 
indigenous breeds, which are summarized in following. 
SOME UNIQUE SHEEP BREEDS OF INDIA 

Breed 

 

Unique characteristics 

Changthangi  Fiber fineness  

Chokla  Fine carpet quality fleece 
Magra  Lustrous carpet quality fleece 

Mecheri Chennai 
Red  

High quality skin and mutton 

Mandya Excellent meaty conformation, high 
quality and meat palatability 

Nellore  Tallest sheep breed of India. 
Garole  High fecundity- twins and triplets 

common. Survival under saline 
conditions.  

Marwari, Deccani 
Jaisalmeri  

Hardy and capable of walking long 
distances during migration. 

 
SYNTHETIC BREEDS/STRAINS 

New 

breed/str

ain 

Location Parent Breeds Level of 

exotic 

inheritan

ce % 

  Indian Exotic  

Bharat 
Merino  

CSWRI, 
Avikanaga
r  

Chokla, 
Nali  

Rambouill
et, Merino  

75 

Avivastra  CSWRI, 
Avikanaga
r 

Chokla, 
Nali  

Rambouill
et, Merino  

50 

Nilgiri 
Synthetic 
(Sandyno)  

SRRS, 
TANUVAS
U 
Sandynall
ah 

Nilgiri  Merino 62.5/75 

Patanwadi 
synthetic  

GAU, 
Dantiwad
a 

Patanwa
di 

Rambouill
et, Merino  
 

50 

Avikalin CSWRI, 
Avikanaga
r 

Malpura  Rambouill
et  
 

50 

Avimanns  CSWRI, 
Avikanaga
r 

Malpura
, Sonadi  

Dorset, 
Suffolk  

50 

Indian 
Karakul  
 

CSWRI, 
ARC 
Bikaner 

Marwari
, 
Malpura
, Sonadi 

Karakul 75 

Kashmir 
Merino  

J&K State Gaddi, 
Bhakarw
al 

Delaine 
Merino, 
Rambouill
et, Soviet 
Merino 

50-75 
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INDIGENOUS BREEDS AT RISK 

This vast ovine biodiversity in India is being eroded 
rapidly and more than 50 percent of sheep breeds are 
currently under threat. The present indigenous breeds 
of sheep at risk are mention below. 
Breed/strain  Location  Risk status  Main causes for 

decline  
   

Bhakarwal, 
Gurej, Karnah, 
Poonchi   

Jammu and 
Kashmir  

Endangered  Indiscriminate 
crossbreeding with 
exotic fine wool 
breeds   

Changthangi  Ladakh  Endangered  Smaller flocks 
scattered in large 
area of fragile 
ecology   

Rampur Bushair  Himachal 
Pradesh  

Endangered  Indiscriminate 
crossbreeding  
   

Tibetan, 
Bonpala  

Sikkim  Endangered  Smaller flocks 
scattered in large 
area of fragile 
ecology   

Magra  Rajasthan  Endangered  Crossing with 
Marwari\Kheri  
   

Mandya  Karnataka  Endangered  High incidence of 
cryptorchidism  
   

Nilgiri  Tamilnadu  Endangered  No demand of wool 
in Tamil Nadu and 
their indiscriminate 
slaughter  

Kilakarsal  Tamilnadu  Endangered  Crossing with 
Vembur/Ramnad 
white.  
   

Muzaffarnagari  
Uttar 
Pradesh  

Declining  Small grazing area   

Malpura, Chokla  Rajasthan  Declining  

Introduction of 
Marwari 
inheritance through 
migratory flocks  

Pugal  Rajasthan  Declining  
Crossing with 
Marwari/Kheri  

Jaisalmeri  Rajasthan  Declining  
Intermixing with 
Chokla  

CONCLUSION 

Rich biodiversity among the indigenous sheep breeds 
reflected by forty two registered breeds of sheep in 
India is characterized only on the basis of 
phenotypic/major products and geographical locations 
four types/groups. Molecular genetic characterization of 
this sheep breeds is utmost necessary to clarify the 
relationships among the breeds of existing ovine 
biodiversity in India. Moreover, reliable information on 
the actual numbers of different sheep breeds in the 
country is not available; it is very difficult to identify 
breeds that are at the greatest risk of extinction. 
Qualitative and quantitative erosion of Indian sheep 
breeds may lead to complete loss of this valuable 
indigenious sheep genetic resource. Hence, future of 
sheep in India lies in the appropriate approaches to 
conservation combining a number of integrally related 
components and effective action programmes 
approached holistically for successful conservation of 
sheep genetic resources at national level. 
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CONSERVATION OF SHEEP 
BREEDS 

Prof R Samanta 
Deptt. of Livestock Production and 

Management, WBUAFS 
 

Indian subcontinent is a rich source of diverse 
ovine germplasm, and only very few countries have such 
a large number of breeds with wide genetic diversity. 
Sheep biodiversity in India is characterized by high 
degree of endemism and variations in agro climatic 
conditions of the different regions has led to the 
development of various breeds/strains that are well 
adapted to specific set of environmental  conditions. 
These breeds have generally  been named after their 
place of origin and some based on their prominent 
characteristics. A few breeds have been evolved from 
the base populations created by crossing native and fine 
wool exotic breeds. Indigenous sheep contribute greatly 
to the agrarian economy, especially in areas where crop 
and dairy farming are not economical, and  play an 
important role in the livelihood of a large proportion  of 
small and marginal farmers and landless labourers. 
However, intermixing of nearby breeds, introduction of  
exotic breeds, and change in farming system have 
resulted  in decline in purebred population and in 
dilution of genetic  merit. No efforts could be made till 
ninety’s of last century for the conservation of sheep. 
Sheep is an important livestock species with multiple 
uses i.e., meat, wool, skin, manure and to some extent 
milk and transport. It plays an  important role in the 
Indian agrarian economy. Sheep in India are mostly  
maintained on natural vegetation on common grazing 
lands, waste lands and uncultivated (fallow) lands, 
stubbles of cultivated crops and top feeds  (tree 
lopping). Sheep are rarely feed on grain, cultivated 
fodder or crop  residue. Sheep is the most suitable small 
ruminants to utilise the sparse vegetation available in 
dry land areas  through range land management and 
reseeded pastures.  They have an excellent ability to 
survive over a  prolonged period of drought and semi 
starvation and  are less prone to extreme weather 
conditions,  ectoparasites as well as other diseases. 
There are total 42 sheep breeds which have been 
registered with  NBAGR (National Bureau of Animal 
Genetic Resources).  
Special characteristics of indigenous breeds 

The Indian sheep are derived both from Urial 
and Argali stock. They are thin tailed, medium to coarse 
wool type in North temperate and North Western 
regions and hairy type in Southern Peninsular and 
Eastern regions. The present day Indian breeds are the 
outcome of thousands of years of deliberate natural 
selection and field level cross breeding for adaptation to 
specific agro-ecological conditions. During the course of 
evolution these indigenous animals have developed 
superior heat tolerance as well as disease resistance. 
Indigenous sheep breeds are hardy and are able to cover 
long distances during migration. They are relatively 
better adapted to local climatic conditions and can 
sustain extremely high temperature during summer 

season  as compared to crossbred sheep. Hence the 
crossbred and  exotic sheep have to be grazed during 
cooler hours as they start panting during hot summer 
months. Further indigenous sheep have been found to 
have better resistance against endoparasites whereas 
crossbreds and  exotic sheep are relatively more 
susceptible to diseases. There are substantial evidences 
for genetic variation  between indigenous sheep and 

exotic crosses in resistance to internal parasites such as 
Haemonchus contortus, Ostertagia circumcinta and 
Trichostrongylus colubriformis. Studies conducted on 
some indigenous sheep and exotic crosses with respect 
to infection with gastrointestinal nematodes revealed 
that there is significant difference in fecal egg count, 
hematological and biochemical parameters  between 
the breeds. Indigenous sheep excreted fewer worm  
eggs in faeces and had lower morbidity and mortality 
rates  compared to exotic breed and their crosses. 
Garole sheep are naturally resistant to haemonchosis . 
These sheep breeds have been classified on the basis of 
agro-ecological regions viz.a. North temperate region, b. 
North-Western arid and semi arid region, c. Southern 
peninsular region and d. Eastern region. Classification 
has also been based on major product: a. Apparel wool, 
b. Carpet wool, c. Meat and carpet wool and d. Meat 
type 
  
POPULATION DYNAMICS OF SHEEP 

Sheep 

* The total Sheep contributes around 12.71% of the 
total livestock population. 
* The total number of Sheep in the country as per 2012 
Census is 65 million numbers. 
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Main Causes of Decline of Population 

In developing countries, however, genetic 

diversity is potentially threatened by a variety of 
influences such as  the use of exotic germplasm, changes 
in production systems, changes in producer preference 
because of socio-economic factors, and a range of 
disasters (drought, famine, disease epidemics, civil strife 
and war) are the major causes of genetic erosion. Other 
factors like development interventions, specialization 
(emphasis on a single productive trait), genetic 
introgression of exotic breeds, the development of 
technology and biotechnology, political instability and 
natural disasters also contributed in decline in 
population. The vast ovine biodiversity in India is being 
eroded rapidly and more than 50% of sheep breeds are 
currently under threat. It appears that a very serious 
situation has arisen which may lead to complete loss of 
the available indigenous breeds and immediate steps for 
taking concerted programmes for their conservation are 
required because: a. Unchecked  increase is causing 
continuing deterioration due to inadequate inputs. b. 
Dilution of breeds is resulting from uncontrolled inter-
mixing among them and infusion of exotic germplasm 
through cross-breeding for quicker improvement in the 
production potential of indigenous breeds. c. Absence of 
any planned strategies for conservation of indigenous 
breeds. d. Loss of breeds due to geographical 

reorganization; breeding tracts and organized farms of 
some of the important sheep breeds have gone to 
Pakistan after partition . 
 

CONSERVATION AND ITS RATIONALE 

Conservation is the management of human use of the 
biosphere, so that it may yield the greatest sustainable 
benefits to present generation while maintaining its 
potential to meet the needs and aspirations of the 
future generations . Following reasons for conserving 
the sheep breeds in the world have been defined: • 
Genetic insurance: We never know what might be 
needed in future. • Scientific study: Molecular genetics 
selection and other aspects. • Practical use: Production 
of useful components. • Sentiment: Cultural and public 
interest. 
Objectives for conservation of ovine genetic resources 

fall into five categories:  

Economic: Domestic ovine diversity should be 
maintained for its potential economic contributions. 
Increased genetic diversity will allow for greater 
response to selection and faster adaptation to changes 
in climate, production systems, market demands and 

regulations, or the availability of external inputs.  

Social and cultural: Genetic diversity has an important 
social and cultural role. Sheep breeds reflect the 
historical identity of the communities that developed 
them, and have been integral parts of the livelihoods 
and traditions of many societies. Loss of typical breeds, 
therefore, means a loss of cultural identity for the 
communities concerned, and the loss of part of the 
heritage of humanity.  

Some of the nomadic communities engaged in sheep 

rearing in India 

Bharwa
d 

Gujarat  

Gujarati speaking 
Hindu group 

Motab
hai 
raise 
sheep 
and 
goat 

Gaddi  

Himachal 
Pradesh and
 Jammu and 
Kashmir 

Hindu group, speak 
Pahari 

sheep  
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Gayri 
southern 
Rajasthan 
(Mewar) 

An 
endogamous Gaderi
a Hindu sub-group, 
speak Rajasthani 

sheep 

Kuruba  Karnataka 

Kannada speaking 
Hindu group 

sheep 

 

Environmental: Breed diversity is an integral part of the 
environment, in terms of both the natural environment 
and man-made production systems. The loss of this 
diversity would contribute to greater risk in the 
production system, and reduced ability to respond to 
changes and degradation of the environment. Livestock 
can provide basic environmental services such as weed 
control and seed dispersion. As the human population 
and demand for livestock products grows, marginal 
areas and low-to-medium input production systems will 
likely increase the importance for food production in 
developing countries ensuring that these objectives can 
be achieved sustainably without adverse environmental 
impact.  

Risk reduction: Breed diversity is an important form of 
insurance that enables responses to as yet unknown 
future requirements. It is risky to rely on only a few 
breeds: concentration on a small number of breeds 
results in losses of genes and gene combinations that 
are not relevant at present, but which could become 
relevant in the future. Breeds may differ in their level of 
resistance and resilience to emerging disease 
challenges. Conserving breed diversity reduces risks and 
enhances food security.  

Research and training: Breed diversity should be 

conserved for use in research and training. This may 

include basic biological research in immunology, 

nutrition, reproduction, genetics and adaptation to 

climatic and other environmental changes. For example, 

genetically distant breeds can contribute to research 

into disease resistance and susceptibility, helping to 

achieve a better understanding of the underlying 

mechanisms and thus to develop better treatments or 

management of the disease.  

 

APPROACH TO CONSERVATION OF SHEEP GENETIC 

RESOURCES 

     Approach to conservation of sheep genetic resources 
must combine a number of integrally related 
components: • Monitoring and describing of existing 

animal genetic resources. • Breed characterization at 
the molecular level to assess between breed diversity in 
order to maximize cost effectiveness of management. • 
Accessible  documentation; • Informed use; • 
Appropriate conservation, in situ and/or ex situ; • 
National watch list; • Early warning system; • Appraisal 
of links with wild ancestors and • Evaluation of emerging 
biotechnologies. 
 CONSERVATION METHODS TO BE ADOPTED 

In situ conservation 

The in situ conservation involves the maintenance of live 
populations of animals in their adaptive environment, 
and animal populations continue to evolve and develop 
for more sustainable use. 
Genetic improvement and sustainable management : 
Improvement of the breed through selection and 
breeding can help in making it self-sustainable. There 
are a number of biotechnological tools (MOET and 
embryo transfer technology), which can help in 
development of a highly productive population of sheep 
genetic resources, capable of sustaining the economic 
pressures. Nevertheless, ram selection for weights and 
wool are the accepted and proven norms. 
 Institutional flocks : Institutional flocks managed under 
scientific lines can maintain a minimum breedable 
population required in re-creation of breed for future 
and also supply superior rams for conservation of the 
breed.  
Farmer’s flocks : Involvement of the farmers who have 
been keeping a particular breed for years may be 
desirable. 
Pastoralists flocks : As people “who keep animals on 
natural graze and for whom animal breeding is 
economically and culturally dominant”, pastoralists 
usually have a highly complex indigenous knowledge 
system in regard to animal breeding. 
 
 

 
 

 

 

Ex situ conservation 

Ex situ conservation involves conservation of genetic 
material out of the environment in which it developed . 
In vivo methods : Ex situ conservation of live animals in 
the form of organized herd maintained in a research 
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institution, state owned sheep farm, zoo and breed 
safari comprises in vivo conservation. 
In vitro methods : Cryo-conservation of wide variety of 
living cells or tissues for long periods of time viz., 
sperms, oocytes, embryos and DNA etc. comprises in 

vitro ex situ conservation. 
CONCLUSION 

      There is a rich biodiversity among the indigenous 
sheep breeds of India reflected by more than forty listed 
breeds of sheep. The future of sheep in India lies in the 
appropriate approaches to conservation combining a 
number of integrally related components and effective 
action programmes approached holistically for 
successful conservation of sheep genetic resources at 
national level. Large and biologically diverse sheep 
population of India is comprised of sheep exhibiting 
more than one strains, phenotypically similar breeds 
from adjoining areas named as separate breeds, sheep 
evolved in farmers flock, recently rediscovered sheep, 
least discussed sheep and breeds exhibiting unique 
characteristics.  Involvement of several agencies for 
evaluation, improvement, conservation programmes 
and recommendations made for effective 
characterization and conservation of sheep biodiversity 
are required. Because of their close grazing nature and 
ability to utilise very low set vegetation which no other 
animal can utilise and their capacity to cover long 
distance in search of forage and water, sometimes they 
have often been associated with creation of deserted 
conditions. In reality, it is not the sheep but the man 
who owns the sheep, who is to be blamed for 
misconceived management of the grazing lands leading 
to desertification. A controlled and judicious grazing on 
the non-cultivable land could prevent soil erosion and - 
make it fertile and suitable for crop production through 
sheep droppings collected over the years . Domesticated 
animals constitute an important genetic resource in the 
country that lends strength to the food and livelihood 
security in agriculture based system. Despite 
contribution to the society, a large part of Sheep Genetic 
Resources distributed all over the country is yet to be 
characterized, documented and evaluated scientifically. 
However, much will depend on the local circumstances 
of the breed, management system, extent of 
crossbreeding, rate of decline and overall utility of breed 
under local agro climatic conditions. Situation in India 
may be altogether different where not even the 
preliminary surveys have been conducted on breeds and 
the breeding policies are framed generally on population 
estimates based on census reports of species. 
Assessment of threats and consequent preservation of 
valuable genetic resource are also the priorities of the all 
stakeholders. Pure breeding/selective breeding of sheep 
breeds in their respective breeding tract, genetic 
improvement of field stock through network project, 
open nucleus breeding scheme/participatory breeding 
programme, critical documentation of threatened breed 
and their habitat through the studying of population 
dynamics will only change the present scenario to a 
great extent.  
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CONSERVATION OF GOAT BREEDS IN 

INDIA 
Dr. Manoranjan Roy, 

Department of Animal Genetics and Breeding,  
F/O Veterinary and Animal Sciences, 

West Bengal University of Animal and Fishery Sciences, 
Kolkata-700037. 

Introduction 

In India goat is a prime important livestock species and 
serving the mankind by producing meat, milk, fiber and 
valuable by-products like skin, offal and manure. Goat 
contribute substantially to the rural economy 
particularly in the areas where crop and dairy farming 
are not economical, and play an important role in the 
livelihood of a large proportion of small and marginal 
farmers and landless labourers, and also supplement 
their food with nutritious meat and milk (Mandal et. al. 
2014). 
Goats are hardy, disease resistant and can thrive and 
reproduce well in all diverse environments of India and 
are efficient converter of the sparse vegetation. The 
short generation interval of goats coupled with high 
frequency of multiple births allows for rapid increases in 
goat population. This builds financial helps as capital and 
allows the sale of surplus animals for cash that can be 
utilized for other agricultural enterprises, school fees, 
medical bills, etc. Therefore goat, the poor man’s cow, 
has tremendous potential and can be projected as the 
“Future Animal” for rural prosperity under the changing 
agro-geo-climatic conditions and depleting natural 
resources. 
India has contributed richly to the international livestock 
gene pool consisting of 26 well-recognized goat breeds 
which have evolved in different agro-climatic zones and 
have special characteristics (like adaptation, 
survivability, and sustained production).  
The country stands first in goat milk production and is 
the second largest meat producer in the world sharing 
26.3% goat milk and 10.4% goat meat production. 
Besides meat and milk, goats also produce good quality 
skin, manure etc. The contribution of livestock sector (as 
of 2012-13) to the national economy in terms of Gross 
Domestic Product at constant and current price is 3.46% 
and 4.11% respectively. The share of livestock sector in 
GDP of total Agriculture, Fishing & Forestry (AFF) at 
constant and current price is 29.20% and 27.25% 
respectively. The goat sector contributes around 8% of 
the Gross Domestic Product (GDP) from livestock sector. 
In addition, the goat sector generates about 4% rural 
employment and about 20 million small and marginal 
farmers’ and landless labourers’ families depend on 
goats for their livelihood partially or completely. But 
goat population in India is declined by about 3.82%  
from 2007 to 2012 (i.e. 1,40,537,000 to 1,35,173,000) 
with 3.18% decrease in rural areas (i.e. 1,33,314,000 to 
1,29,081,000) and 15.66% negative growth in urban 
areas (i.e. 7,224,000 to 6,092,000). But the trend of goat 
population in few states of our country is more 
alarming. 
Attempts have been made by various organizations (like 
NBAGR, CIRG, NGOs and State Government) to 
characterize and register the breeds of goats in different 

regions, but so far only 26 breeds have been recognized, 
leaving about 70-75 percent of non-descript goat 
population although they have certain unique 
characters. However, intermixing of nearby breeds, 
introduction of exotic breeds and change in the farming 
system (i.e. expansion of intensive agriculture, 
establishment of protective areas, scarcity of fodder due 
to shrinkage of grazing lands and increasing stocking 
density), exploitation by the middlemen in marketing of 
surplus goats, disappearance of traditional livelihoods, 
loss of Indigenous Traditional Knowledges (ITKs) have 
resulted in decline in purebred population as well as 
dilution of genetic merit (Sahu et. al. 2016). Therefore, 
the urgent conservative measures like development of 
management systems to maintain genetic variability of 
existing resources and at the same time continuous 
improvement in productivity and adaptability of 
resources must be taken to avoid an immediate loss of 
goat genetic resources.  
Goat resources in India and their conservation 

As per 19th Livestock Census (2012), 26.40% of the 
livestock population of our country is goat (135.04 
millions). Out of 135.04 millions of indigenous goats 
(including non-descript), 26.97% are pure breed, 11.77% 
are graded breeds and remaining 61.26% are non-
descript breeds.  
In our country as present there are 26 well-recognized 
goat breeds which constitutes about 25 percent of the 
total goat population and remaining is non-descript 
having mixed features. The goat breeds with varying 
capacities to produce meat, milk and fibre have 
developed in India primarily through natural selection as 
well as by selective breeding or crossbreeding to 
diversified agro-climatic conditions based on their utility 
and production function. Moreover, there is no clear 
demarcation of habitat of the breeds as well as the 
population size does not reflect the true picture. 
Because there is existence of non-descript animals of 
very large numbers in the habitat of most of the breeds 
due to genetic admixture. There is no Breed Registration 
Society in India so far to ensure breed purity in goats 
and to provide identity to the enlisted animals (Mandal 
et. al. 2014). 
The available goat breeds in India are to be conserved 
on the basis of several factors, e.g. the actual number of 
animals, the rate of decline in the population size, the 
closeness of relationship between individuals within the 
population, the sex ratio, the geographical range and 
the rate of reduction of that range, special threats from 
introduced species, rapid changes in the environmental 
conditions including climate, predators, parasites, etc. 
(Henson, 1992). 
Risk classification evolved by ICAR-NBAGR  

Risk Status Total 

Population 

Breedable 

Female 

Breedable 

Male 

Not at risk > 20,000 > 10,000  > 40 
Vulnerable ≤ 20,000 to 

> 10,000 
≤ 10,000 to 
> 5,000 

≤ 40 to > 
20 

Endangered ≤ 10,000 to 
> 1,000 

≤ 5,000 to 
> 5,00 

≤ 20 to > 5 

Critical ≤ 1,000  ≤ 5,00  ≤  5 
Extinct - 0 0 
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Source: ICAR-NBAGR Document No.-98/2016 ISBN: 

978-93-83537-30-3 

The conservation of goat genetic resources is now be a 
multifaceted activity which includes not only 
preservation and maintenance of existing breeds, but 
also their proper management and improvement with 
the aim to sustainable utilization, restoration and 
enhancement of resources so as to meet the needs of 
mankind for the present as well as for the future 
generations. 
The awareness for conservation of goat resources in 
India has gained importance only after realizing the fact 
that the production-oriented propagation of goat 
through crossbreeding and upgrading did not work in 
the long term and this approach is also eroding the 
existing genetic structure of breeds and/or genetic 
variability in indigenous goat germplasm (Mandal et. al. 
2014). Climatic conditions, the type and availability of 
feed resources, including palatability and digestibility of 
feeds, fodders and grasses, disease stress, level of 
management and the kind and quality of products 
required must all be taken into consideration while 
taking up conservation programmes. There are two 
broad conservation approaches (in-vivo and in-vitro) for 
small ruminants (Sahu et. al. 2016).  In-situ and Ex-situ 

methods of conservation may be adopted for the goat 
breeds in India.  
Ex-situ conservation of goat resources in India 
In this method living animals are conserved out of the 
environment in which they developed (ex-situ in-vivo), 
or genetic materials (e.g. semen, oocytes, embryos, cells 
or tissues) are conserved external to the living animals in 
an artificial environment usually under cryogenic 
conditions (ex-situ in-vitro). This approach for 
conservation of goat genetic resources has already been 
started at Indian Council of Agriculture Research-Central 
Institute for Research on Goat (ICAR-CIRG), Makhdoom, 
Mathura, Uttar Pradesh. Jamunapari and Barbari breed 
of goats were covered under this programme. Cryogenic 
storage of DNA of different goat breeds is also initiated 
by ICAR-CIRG, Makhdoom, Mathura and Indian Council 
of Agriculture Research-National Bureau of Animal 
Genetic Resources (ICAR-NBAGR), Karnal, Haryana. 
In-situ conservation of goat resources in India 

In-situ conservation of goat genetic resources refers to 
all measures to maintain live goat breeding populations, 
including those involved in active breeding programmes 
in the agro-ecosystem, together with husbandry 
activities that are undertaken to ensure the continued 
contribution of these resources to sustainable food and 
agricultural production.  

(a) On-farm conservation: On-farm conservation of 
goat breeds involves maintaining and evaluating 
performance of productive and reproductive traits 
under natural condition on farm basis and it gives 
representative productive and reproductive 
performance level of the breed.  

(b) Community-based conservation: It is conservation 
approach based on combining socio-economic 
values of farmer and Indigenous Traditional 
Knowledges (ITKs) to manage their breeds. It plays 

an important part in the sustainable use and 
conservation of such resources. 

The in-situ conservation of goats has already been 
initiated for Jamunapari, Barbari and Jakhrana goats at 
ICAR-CIRG, Mathura, Uttar Pradesh, India and has 
brought the success in terms of farmers’ participation 
and breed improvement at the farmers’ level. Under this 
programme flocks of Jamunapari, Barbari and Jakhrana 
goats are being maintained at the CIRG under the 
scientific management system for producing and 
supplying superior bucks for the breed improvement 
programme at farmers’ flocks. Beside this, breed 
improvement and conservation programmes of different 
goat breeds under field condition were launched under 
the All India Coordinated Research Project on Goats 
(AICRP) by establishing several field units of different 
goat breeds of India (Swarup and Singh, 2011). This 
project will enhance the genetic potential of the animal 
as well as conservation of the germplasm in their natural 
habitat. Presently AICRP on Goat Improvement project is 
working in 15 field units and 3 farm units covering with 
13 registered goat breeds and 3 local genotypes 
controlling by Project Coordinator Unit of ICAR-CIRG, 
Makhdoom, Uttar Pradesh. 
Details of Coordinating Centres of the project “AICRP 

on Goat Improvement” 

Sl.No. Name of the 

Unit 

Locations Purpose 

1 Andaman 
Goat Field 
Unit 

ICAR-CIARI, Port 
Blair, A&N Island. 

Meat 

2 Assam Hill 
Goat Field 
Unit 

AAU, Khanapara, 
Guwahati, Assam. 

Meat 

3 Bengal Goat 
Field Unit 

BAU, Kanke, 
Ranchi, Jharkhand. 

Meat 

4 Black Bengal 
Goat Field 
Unit 

WBUAFS, Kolkata, 
West Bengal. 

Meat 

5 Changthangi 
Goat Field 
Unit 

SKUAST, Kashmir, 
Leh-Ladakh, J&K. 

Fibre & 
Meat 

6 Gaddi Goat 
Field Unit 

HPKVV, Palampur, 
Himachal Pradesh. 

Meat & 
Fibre 

7 Ganjam Goat 
Field Unit 

OUAT, 
Bhubaneswar, 
Orissa. 

Meat 

8 Himalayan 
Local Goat 
Field Unit 

ICAR-INRI Campus, 
Mukteshwar, 
Uttrakhand. 

Meat 

9 Malabari Goa 
Field unit 

KVASU, Mannuthy, 
Thissur, Kerala. 

Meat & 
Milk 

10 Marwari 
Goat Field 
Unit 

RAJUVAS, Bikaner, 
Rajasthan. 

Meat 

11 Osmanabadi 
Goat Field 
Unit 

NARI, Phaltan, 
Maharashtra. 

Meat & 
Milk 

12 Sangamneri 
Goat Field 
Unit 

MPKV, Rahuri, 
Maharashtra. 

Meat & 
Milk 
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13 Sirohi Goat 
Field Unit 

RAJUVAS, College 
of Veterinary 
Sciences & AH, 
Vallabhnagar, 
Rajasthan. 

Meat 

14 Surti Goat 
Field Unit 

NAU,Navsari, 
Gujarat. 

Meat & 
Milk 

15 Uttarakhand 
Local Goat 
Field Unit 

GBPUAT, 
Pantnagar, 
Uttarakhand. 

Meat 

16 Barbari Goat 
Farm Unit 

ICAR-CIRG, 
Makhdoom, Uttar 
Pradesh. 

Milk & 
Meat 

17 Jamunapari 
Goat Farm 
Unit 

ICAR-CIRG, 
Makhdoom, Uttar 
Pradesh. 

Milk & 
Meat 

18 Sirohi Goat 
Farm Unit 

ICAR-CSWRI, 
Avikanagar, 
Rajasthan. 

Milk & 
Meat 

Source: Project Coordinator’s Report (2016-17), AICRP 

on Goat Improvement, ICAR-CIRG. 

This project includes the implementation of genetic 
improvement programme for improving the 
performance of goats in the nucleus herds as well as in 
the farmers’ herds in its native tract in pure form 
through Open Nucleus Breeding Schemes. The major 
thrust of the project is to develop superior germplasm 
resource centres for goat breeds, to build up long term 
capacities of goat keepers through introduction of 
superior breeder goats, technology transfer, creation of 
knowledge based application of health management 
practices for enhancing production potentials on 
sustainable basis towards livelihood and food security of 
goat keepers. In addition, ICAR-NBAGR, Karnal is 
involved in characterization, evaluation and 
conservation of goat genetic resources of India. 
Major activities under the project AICRP on Goat 

Improvement 

• Identification niches having valuable goat 
genetic resources. 

• Identification of areas, selection and registration 
of farmers and goats for pedigree and 
performance recording, technology validation 
and interventions. 

• Implementation of animal identification system 
at farmers flock and systematic and planned 
performance recording on adequate number of 
goats (minimum 1000 breedable does and their 
followers) for genetic evaluation purposes. 

• Creation of goat evaluation facility for genetic 
evaluation. 

• Identification of area-wise centres to preserve 
and conserve goat germplasm. 

• Diagnose causes of morbidity and mortality and 
formulate area wise preventive health control 
policy. 

• Identification of regional centres to impart 
training and capacity building of stakeholders 
including farmers in goat production, health 
control, forage production, product processing 
and marketing. 

• Exploitation of the genetic potential available in 
native tract of goat breeds through selection of 
superior goats and distribute them in field for 
overall improvement. 

• Establishment of a data bank on goat 
production, health and nutrient requirements, 
region-wise, in respect to indigenous goat-
genetic resources. 

 
Action taken under the project AICRP on Goat 

Improvement 

• Base line data collection on available resources, 
practices and production system of goat 

• Registration of farmers and their goats 

• Tagging of all animals for data recording. 
• Buck distribution / exchange among field flocks 

of different clusters to avoid inbreeding  
• Managemental intervention to increase weight 

at weaning, at mating and to control the 
abortion problems in the farmer’s flock. 

• Milk recording 
• Strategic supplementation like mineral blocks, 

rock salt licks, etc. 
• Preventive health care such as regular 

deworming and vaccination 
• Identification and rearing of young males in 

farmer’s flock.  
• Distribution of goat keeper centric requirements 

such as shoes, water bottle, mosquito nets, 
umbrella, LED torch etc. 

• Organization of training/awareness programme. 
• Linking up of registered farmers with value 

chain. 
• Effort to form registered cooperative of the 

registered goat keepers.  
• Collaborative research work and publishing 

research papers. 
• Documents of package of practices for 

breed/agro-climatic zone. 
Furthermore, a programme for the conservation of the 
Beetal goat breed in Punjab was jointly implemented 
from 2005 to 2008 by the ICAR-NBAGR with the Krishi 
Vigyan Kendra (KVK). This programme was operated by 
the Society for Creation of Heaven on Earth, an NGO 
working in Tepla, Ambala (Pundir, 2010). The 
programme was carried out in farmers’ flocks in villages 
and the findings of this survey revealed that the Beetal 
goat rearing in Punjab is profitable and, as a result, 
many new farmers started rearing Beetal goats and 
population of this breed is now in increasing trend 
(Pundir, 2010).  
Beside this, the Department of Animal Husbandry, 
Dairying and Fisheries, Ministry of Agriculture, GOI, had 
launched a programme for the conservation of 
threatened breeds of small ruminants (sheep, goat, 
rabbits, pigs, pack animals and equines) during the 
Tenth Plan (2002–2007) by providing proper 
infrastructure and germplasm in association with State 
Governments and their undertakings, NGOs, 
professional bodies and institutes, private limited 
companies, etc. Goat breeds that were conserved under 
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the scheme is Terresa goat in Andaman and Nicobar 
Islands, Malabari goat in Kerala, Sangamneri goat in 
Maharashtra, Black Bengal goat in Tripura and West 
Bengal, Jamunapari goat in Uttar Pradesh and the Long 
Haired goat in Nagaland. It was intended to support 
breeds with a declining population and an existing 
population of about 10,000 animals or less. Nucleus 
breeding units were to be supported along with 
strengthening of policy and institutional framework and 
linkages with research agencies. (SA-PPLPP, 2012). 
Genetic improvement based conservation can be 
categorized into hierarchical and village-based breeding 
programs. Hierarchical breeding programs involve 
commonly tiers where genetic improvement is created 
in a station nucleus flock and genetic gain is 
disseminated to village flocks. The down side of the 
hierarchical breeding programs is their inconsideration 
to the preferences of the end-user communities for 
genetic improvement of their breeds. On the other 
hand, village or community-based breeding programs 
involve a one-tier breeding scheme where both genetic 
improvement and production are carried out in village 
flocks (Sahu et. al. 2016). Goat genetic improvement 
programmes should be seen as investments because the 
effects of selection accumulate over time and will give 
benefits over all subsequent years without further 
intervention. Considering the constraints of lack of 
infrastructure, shortage of trained and experienced 
personnel, low level of literacy and awareness among 
livestock keepers, even a benefit to cost ratio of 5 will 
make such improvement worthwhile (Mandal et. al. 
2014) 
Conclusion 

The improvement and conservation of goat genetic 
resources is a long term and continuous activity. The 
genetic improvement programme should be undertaken 
through structured and systematic manner specific to 
the area of evolution of the genetic resource/group 
through a national policy. The in-situ conservation is the 
most effective method for conservation of goat genetic 
resources in India and it is economically viable also. 
Smallholder goat keepers should be supported to 
continue to maintain the breed and for that delivering of 
improved genotypes, together with other interventions 
such as improvements in health, nutrition and other 
aspects of goat management, capacity building, 
entrepreneurship development, and establishing market 
linkages, will potentially improve the income of the 
poorest of the poor rural households and contribute to 
the nation’s food security. In addition molecular genetic 
evaluation of indigenous goats for traits like thermo-
tolerance, disease resistance and genetic disorders for 
improving the overall adaptability in view of the 
impending climatic change is also to be taken care of.   
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India is one of hardly any countries in the world, 
which has contributed abundantly to the international 
animal genetic resources and improvement of animal 
production in the planet. India possesses an enormous 
goat population numbering 135.2 million which is the 
second highest in the world after China. As per 19th 
livestock census (2012) sheep population of India was 
65.07 million (World rank 3rd). India is a rich 
storehouse of goat & sheep genetic possessions 
having 26 recognized goat breeds and 42 numbers of 
recognised sheep breeds and these breeds have 
evolved concerning different geographical and climatic 
situation. These different breeds have exact 
importance in different agro climatic zones and 
developed special adaptation features over the years 
to survive and simultaneously give sustained 
production under the agro climatic conditions of their 
habitation.  

The conservation includes the preservation 
along with up gradation (improvement) of the genetic 
potential and management of a breed for use in 
future. Thus the conservation covers both continued 
maintenance of genetic variability, improvement and 
sustainable utilization by exploiting the genetic 
variability. The approach for managing effectively the 
indigenous resources over time to better understand, 
use, develop and maintain them in order to meet the 
challenge should include the following aspects: 

• Identification, characterization, evaluation, 
documentation and conservation 

• Training of manpower for successful 
completion of the above activities 

• To develop breed improvement programmes 
on national level for proper management of 
animal genetic resources 

Threat to indigenous breeds 

When a breed is at risk 

• The endangered status of a breed can be 
determined by the size of breeding stock, 
which can be expressed by the number of 
breeding females, the number of breeding 
males, sex ratio, the percentage of females 
bred to males of the same breed, the trend in 
population size and effective population size 
under a particular production system. 

• In FAO (1998), a working rule is that when 
population size approaches 5,000 breeding 
females (a total population of about 10,000 
animals) the survival risk of the breed should 
be studied and appropriate action would be 
needed for its conservation. It is suggested 
that whenever the total number of animals 

falls below 10,000 one should start preserving 
semen and embryos.  
 
Threatened sheep breeds  

• Under Indian conditions it has been suggested 
that sheep breeds with over 50,000 population 
with no serious declining trend, can be 
considered a normal population. Population of 
30,000-50,000 animals with constant declining 
trend under insecure category, while 
population of 15,000-30,000 can be put under 
vulnerable and 8000-15,000 under 
endangered category. Less than 8,000 
population can be considered as critical and 
needs immediate conservation (Nivsarkar, 
1994). 

• The different indigenous sheep breeds at risk 
are:- Bhakarwal, Gurez, Karnah, Poonchi, 
Malpura, Muzaffarnagari, Munjal, Nilgiri, 
Chokla, Magra, Pugal, Changthangi, Lohi, 
Bonpala, Katchaikatty Black etc. 

Main causes of decline 

The following reasons can be assigned to 
affect the diversity of indigenous sheep breeds 
and the dilution and declining trend of 
population of the breeds. 

1. Breeding systems and breed dilution: Dilution 
of breeds is resulting from uncontrolled inter-
mixing among them and infusion of exotic 
germplasm through crossbreeding for quicker 
improvement in the production potential of 
indigenous breeds. 

2. Geographical reorganization: Breeding tracts 
and organized farms of some of the important 
sheep breeds have gone to Pakistan after 
partition (Basuthakur, 1988). Thus, erosion of 
breeds is both qualitative and quantitative 
(Acharya, 1999). 

3. Purpose based farming system: specific breeds 
are raised for specific purposes and the breeds 
that do not serve the purpose are neglected. 
Nilgiri, a fine wool breed of sheep of Tamil 
Nadu is at risk because wool is not required in 
south India and there is no market for wool 
whereas mutton is in great demand in the 
area. 

4. Economic viability: The economically useful 
breed is automatically conserved and certain 
breeds have lost their utility due to poor 
performance and declining economic returns 
to farmers. 

5. Modern agricultural practices: The waste land 
and grass land are being converted into 
irrigated cropping area. The Muzaffarnagari 
sheep in UP and Munjal sheep in Punjab are 
decreasing in numbers due to non-availability 
of grazing area. 

6. Other factors like absence of any planned 
strategies for conservation of indigenous 
breeds, and unchecked increase in livestock 
population are causing continuing 
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deterioration due to inadequate inputs of 
feeding health care etc. 
 

Threatened goat breeds  

1. The modern goat breeds in India can be 
generally placed under two categories, i.e. 
endangered and vulnerable, although some of 
its wild predecessors that once existed in 
mountain ranges are already extinct. A breed 
is considered as endangered, when the 
effective population size is too small to 
prevent genetic loss through inbreeding 
leading to infertility and lack of survivability 
resulting in ultimate loss of the population 
(Bodo, 1989).  According to Food and 
Agricultural Organization, a breed with a 
population size of 5,000 breeding females or 
less can be declared as endangered (FAO, 
1995). On the other hand, a breed is 
vulnerable, when the population is rapidly 
declining numerically or its security is under 
threat (Maijala et al., 1984; Quartermain, 
1992). However, the need for conservation 
depends upon several factors, e.g. (i) the 
actual number of animals, (ii) the rate of 
decline in the population size, (iii) the 
closeness of relationship between individuals 
within the population, (iv) the sex ratio, (v) the 
geographical range and the rate of reduction 
of that range, (vi) special threats from 
introduced species, (vii) rapid changes in the 
environmental conditions including climate, 
(viii) predators, (ix) parasites, etc. (Henson, 
1992). The recognized breeds of Indian goat 
population are facing a greater threat of 
becoming endangered due to various reasons 
such as lack of proper breeding policy, 
inadequate number of breeding bucks, 
indiscriminate breeding and intermixing 
among breeds with local animals, etc. The 
other factors such as dispersed home tract of 
goat in two or more district/states, non-
availability of breed-wise figures in the Indian 
Livestock Census Reports, migration of flocks, 
higher slaughter rate of fast-growing goats and 
the increase of ratio of non-descript to 
descript animals in different parts of home 
tract of recognized breeds makes it difficult to 
assess the exact population size of particular 
breed to plan for their improvement in 
population size or to declare as endangered 
one. 

2.  A sound conservation programme of goat 
breeds that are adapted to high altitude, harsh 
environment and marginal agricultural regions 
has been perpetually neglected. They have not 
been adequately maintained in their habitat 
for obtaining their maximum productivity. No 
attention has been given to valuable traits, 
such as fecundity, disease resistance, grazing 
habit, cheese quality, meat quality, skin 
characteristics, although these are crucial for 

the development programme of goats. 
Moreover, India is facing major environmental 
problems due to depletion in fallow land, 
increase in agricultural land, increase in 
human population, apathy for rangeland 
management and reservation of forests for 
wildlife protection, etc. The purebred 
Jamunapari population has declined seriously 
and it is <8 500 in its habitat (Roy et al., 1982) 
due to various reasons such as shrinkage of 
grazing land, inadequate veterinary help, 
frequent selling of goats and labour problems, 
etc. Beetal goat is drawing attention for 
conservation as the number is declining due to 
changing agricultural patterns in Punjab. 
Barbari is facing dilution in breed 
characteristics due to cross-breeding with 
Sirohi and Jamunapari breeds in its home 
tract. Owing to decrease in natural browse in 
their habitat, Surti and Jakhrana are 
decreasing in number. The Changthangi breed 
of the Ladakh region is the subject for special 
concern as they are declining both in number 
and in performance.  

3. More weightage on improvement of some 
breeds and extensive use of these breeds, 
such as Beetal, Barbari and Jamunapari 
possibly will result in the exclusion of other 
distinctive breeds by cross-breeding. Means 
for the conservation, multiplication and 
improvement of these breeds in the pattern of 
Open Nucleus Breeding Scheme (ONBS) were 
suggested (Acharya et al., 1982). Moreover, 
Devendra and Burns (1983) have also drawn 
attention for the conservation programme for 
specific goat populations in developing 
countries. The need for conservation of 
distinct and well-adapted breeds has now 
lately been realized. It is apparent from the 
current population size, loss of habitat and 
introduction of other breeds in the area, the 
threatened breeds are Jamunapari, Beetal, 
Jakhrana and Surti in the northwestern region, 
Sangamneri, Osmanabadi, Malabari and 
Attappady Black in the southern region, 
Ganjam in the eastern region and Chegu and 
Changthangi in the temperate Himalayan 
region. The population of several breeds is 
more or less vulnerable except for Marwari 
and Black Bengal, who are at present in a 
rather comfortable position with respect to 
breed population, at large breeding tracts. 
 
Necessity of conservation 

1. The market competition created through 
introduction of exotic breeds, difficulties 
associated with low production potential of 
indigenous breeds and changes in the farming 
system have resulted in either steady decline 
in the number of purebred or dilution of the 
genetic material. The conservation of genetic 
resources is essential and is of paramount 
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importance in recent times owing to their 
widespread destruction, overexploitation and 
degradation by mankind all over India. The 
conservation of animal genetic resources 
should now be a multidimensional activity, 
which has to encompass not only preservation 
and maintenance of existing breeds, but also 
their proper management and improvement. 
The overall aim is sustainable utilization, 
restoration and enhancement of resources so 
as to meet the needs of mankind for the 
present as well as for the future generations.  

2. Sheep & Goats are fundamental and having 
close bondage to most agro-ecosystems in 
India and it is considered as the important 
genetic material for each production system. 
This material is critical for system resilience 
and flexibility and enables production and 
productivity to be increased. Food production 
will only be achieved and maintained by 
utilizing appropriate genetic resources. The 
type of genetic material required to meet 
these challenges must be determined by the 
nature of the production environment, which 
differs greatly within zones/regions. Climatic 
conditions, the type and availability of feed 
resources, including palatability and 
digestibility of feeds, fodders and grasses, 
disease stress, level of management and the 
kind and quality of products required must all 
be taken into consideration while taking up 
conservation programmes. 
Conservation is the management of human 
use of the biosphere, so that it may yield the 
greatest sustainable benefits to present 
generation while maintaining its potential to 
meet the needs and aspirations of the future 
generations (FAO, World Watch List, 2000). So, 
the reasons for conserving the breeds are:- 
• Genetic insurance: We never know what 
might be needed in future. 
• Scientific study: Molecular genetics selection 
and other aspects. 
• Practical use: Production of useful 
components. 
• Sentiment: Cultural and public interest. 

CONSERVATION MEASURES OF GOATS 

Ex-situ conservation 

Some preliminary work on ex situ conservation 
of goat genetic resources has already been started at 
CIRG, Makhdoom, Mathura, India. The breeds covered 
in this programme were mainly Jamunapari and Barbari 
goats.  Cryogenic storage of DNA of different goat 
breeds is also initiated by CIRG, Makhdoom, Mathura 
and NBAGR, Karnal, Haryana. 
 
 In situ conservation  

The in situ conservation of goats has been 
started by the CIRG, Mathura, Uttar Pradesh, India and 
has brought the success to CIRG in terms of farmers’ 
participation and breed improvement at the farmers’ 
level. For this purpose, flocks of goats are being 

maintained at the CIRG under the scientific 
management system for producing and supplying 
superior bucks for the breed improvement programme 
at farmers’ flocks. Beside this, breed improvement and 
conservation programmes of different goat breeds 
under field condition were launched under the AICRP on 
Goats by establishing several field units of different goat 
breeds of India (Swarup and Singh, 2011). Under this in 
situ conservation programme, the most important 
Indian dairy goat breed, Jamunapari goats, received 
special attention.  

The increasing trend in body weight over the 
base populations observed. The kidding rate and 
multiple birth rates are in increasing trend over the 
years. The multiple birth percentage had increased over 
the years, indicating selection of females having twin 
birth is preferred over single born kids. The fertility and 
viability are in increasing trend from the base population 
and the sex ratio is also maintained over the years. 
Furthermore, a programme for the conservation of the 
Beetal goat breed in Punjab was jointly implemented 
from 2005 to 2008 by the NBAGR with the Krishi Vigyan 
Kendra (KVK). This programme was operated by the 
Society for Creation of Heaven on Earth, an NGO 
working in Tepla, Ambala (Pundir, 2010).  
 Its objective was to preserve the breeds of 
small ruminants, etc., which are on the verge of 
extinction by providing proper infrastructure and 
germplasm in association with State Governments and 
their undertakings, NGOs, professional bodies and 
institutes, private limited companies, etc. The 
Department intended to establish 18 units of small 
ruminants during the 10th Plan. However, funds were 
provided for the conservation of six goat breeds. The 
goat breeds were Terresa goat in the Andaman and 
Nicobar Islands, Malabari goat in Kerala, Sangamneri 
goat in Maharashtra, Black Bengal goat in Tripura and 
West Bengal, Jamunapari goat in Uttar Pradesh and the 
Long Haired goat in Nagaland. Of these, the long haired 
goat breeds are not registered. In the 11th Five Year 
Plan, Rs. 450 million was allotted for this programme. It 
was intended to support breeds with a declining 
population and an existing population of about 10000 
animals or less. Nucleus breeding units were to be 
supported along with strengthening of policy and 
institutional framework and linkages with research 
agencies. In the annual report of the Department for 
2010–11, funding to the Government of Gujarat for a 
nucleus breeding unit of the Surti goat is also 
mentioned. However, no documented result is available 
on the impact of this project (SA PPLPP, 2012). 

Overexploitation of a particular breed of goats 
for its unique character such as better meat quality 
leads to excessive/ indiscriminate slaughter of younger 
ones even at early age, slaughter of breedable adults, 
and insufficient numbers of breeding males leads to 
reduction in the population and possibility of becoming 
endangered. Flock migration, mixing up of different 
breeds and indiscriminate cross-breeding lead to lack of 
uniqueness among the herd. Well-implemented, small 
ruminant genetic improvement programmes delivering 
improved genotypes, together with other interventions 



COMPENDIUM 

ICAR Sponsored 10 days Short Course on “Conservation of indigenous 

breeds of small ruminants in their respective tracts” 

 

54 | P a g e  

 

such as improvements in health, nutrition and other 
aspects of livestock management, and establishing 
market linkages, have the potential to improve the 
income of the poorest of the poor rural households 
while contributing to the nation’s food security. 
Livestock genetic improvement programmes should be 
seen as investments because the effects of selection 
accumulate time and will give benefits over all 
subsequent years without further intervention. 

 Small ruminant conservation and 
improvement programmes should, therefore, be seen as 
important parts of national and state policies, aimed at 
alleviating poverty and improving the food production of 
a country, region or locality and the income of livestock 
keepers. Funding agencies that support projects for 
“community development and livelihood promotion” 
should ensure that such projects have a livestock genetic 
improvement component, where appropriate. Funding 
and implementing agencies need to be aware that if 
they withdraw support half-way, the whole exercise 
would be meaningless. The extra investment due to the 
longer time period would be worthwhile because the 
gains due to genetic improvement are permanent and 
cumulative (SAPPLPP, 2012). Steps are initiated by the 
Central and State Government agencies, non-
governmental organizations to conserve certain breeds 
of goat as in situ as well as ex situ conditions. NBAGR 
and Central Institute of Research in Goats have made 
attempts in this line. Further financial support to the 
native rearers will help them to maintain the population 
without dilution. 
Approach to conservation of sheep genetic resources 

Approach to conservation of sheep genetic resources 
must combine a number of integrally related 
components: 
• Monitoring and describing of existing animal genetic 
resources. 
• Breed characterization at the molecular level to assess 
between breed diversity in order to maximize cost 
effectiveness of management. 
• Accessible documentation; 
• Informed use; 
• Appropriate conservation, in situ and/or ex situ; 
• National watch list 
• Appraisal of links with wild ancestors and 
• Evaluation of emerging biotechnologies 
Methods of conservation 

In situ conservation 

• The active in situ conservation is equivalent to 
breed development by conducting well 
designed animal breeding programmes, while 
the passive in situ conservation is concerned 
with the maintenance of live animal 
populations of breeds at risk of loss within 
their agro-environment.  

• In situ or live animal conservation has several 
advantages as the breeds can gradually adapt 
to changing environmental conditions besides 
improvement by selective breeding may be 
approached through genetic improvement and 
sustainable management, institutional flocks, 

farmer’s flocks, pastoralists flocks, and 
through stack-holder’s involvement. 

• Genetic improvement and sustainable 

management: Improvement of the breed 
through selection and breeding can help in 
making it self-sustainable. There are a number 
of biotechnological tools (MOET and embryo 
transfer technology), which can help in 
development of a highly productive population 
of sheep genetic resources, capable of 
sustaining the economic pressures. 
Nevertheless, ram selection for weights and 
wool is the accepted and proven 
methodologies for achieving desired genetic 
gains (Taneja and Bhat, 1999). 

• Institutional flocks: Institutional flocks 
managed under scientific lines can maintain a 
minimum breedable population required in 
recreation of breed for future and also supply 
superior rams for conservation of the breed. 

• Farmer’s flocks: Involvement of the farmers 
who have been keeping a particular breed for 
years may be desirable. Under Indian farming 
system a number of indigenous breeds are to 
stay in for long run due to zero input 
requirement and disease resistance etc. 
Progressive farmers need to be identified and 
encouraged to conserve these breeds and 
compensate them for the low returns, as a 
national obligation for maintenance of sheep 
biodiversity.  

Ex situ conservation 

• Ex situ conservation involves conservation of 
genetic material out of the environment in 
which it developed (FAO, 2000). 

• In vivo methods: Ex situ conservation of live 
animals in the form of organized herd 
maintained in a research institution, state 
owned sheep farm, zoo and breed safari 
comprises in vivo conservation. The effective 
population size of breeding females and males 
either through natural mating or through AI 
can be maintained either under scientifically 
managed farms of organized sector or with the 
farmers in their native breeding-tract or under 
breed safari/parks. The biggest limitation of 
conservation of breeds outside their home-
tract is the population size avoiding the ill 
effects due to inbreeding. The effective 
population size is very important 
consideration and depends upon the ratio of 
male and females under different systems of 
selection. 

• In vitro methods: Cryo-conservation of wide 
variety of living cells or tissues for long periods 
of time viz., sperms, oocytes, embryos and 
DNA etc. comprises in vitro ex situ 
conservation. The basic objectives of in vitro 

conservation are: 
i) Regeneration of endangered breed 
ii) New breed development 
iii) Supporting the in vivo populations 
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iv) Research for determining the effect of 
single major gene 

v)  DNA studies and genome mapping 

• The other important aspects of conservation 
of sheep genetic resources involve 
establishment/strengthening of National 
Animal Data Bank, National Gene Bank, 
National Animal Conservation Board, Regional 
Gene cum Data Bank and Global Data Bank. 

 

Agencies for improvement and Conservation 

programmes 

• National focal point 

• Central government 

• ICAR Institutes and Agriculture Universities 
• State government 

• Non governmental organizations (NGOs) 
• Private companies 

Conclusion 

Since reliable information on the actual 
numbers of different goat & sheep breeds in the country 
is not available, it is extremely difficult to identify breeds 
that are at the greatest risk of extinction. The 
conservation of genetic resources in India helps 
maintain the uniqueness / traditional characteristics of 
indigenous breeds and biodiversity of this species. 
Among the various conservation approaches, the in situ 
conservation is the most effective method of 
conservation of genetic resources, provided it is 
economically viable for livestock keepers. Besides, 
frozen semen and/or embryos of endangered or “at-
risk” breeds should also be stored as ex situ 
conservation approach. Mapping of well 
recognized/registered breeds and their present numbers 
must be undertaken urgently to identify the breeds that 
face the greatest risk of extinction. Furthermore, 
molecular genetic characterization of different breeds 
can also be helpful to characterize the relationships 
among the breeds and improvement programmes. The 
future of the goat & sheep in India lies in the 
appropriate approaches to conservation combining a 
number of integrally related components and effective 
action programmes approached holistically for 
successful conservation of genetic resources at the 
national level. 
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Summary 

The main aim of animal breeder is to improve the 
productivity per animal genetically in the shortest 
possible time with the little cost. The rate of genetic 
improvement had been low in developing countries like 
India because of many reasons like non availability of 
sires of high genetic merits in required numbers, lack of 
infrastructure facility for artificial insemination (AI), small 
size of farmers herd, high cost of data recording and 
data processing. Principles of genetic improvement of 
livestock form the basis of different types of selection 
programs such as progeny testing and nucleus breeding 
schemes. These may operate within individual herds 
among a group of cooperative farmers. MOET-ONBS 
breeding scheme is an alternative to traditional breeding 
system for genetic improvement of livestock. 
Introduction 

In small holder sector where no progeny testing and 
Artificial Insemination facility exist, breeder should adopt 
cooperative/group breeding system. In these, number of 
interested farmer record their herd, select the best 
female and send them to one unit forming nucleus. This 
nucleus could be managed by farmers committee and 
was kept open for highly productive females. Selected 
males were used as replacement in the cooperating 
farms. So, the maximum rate of gain was achieved when 
5- 10 % of total number of breeding animals was kept in 
the nucleus. The group of farmers was agreeing to pool 
their high performing animals. The best males were kept 
for breeding in nucleus while other selected males were 
given to the base herds for breeding. So, improvements 
were quickly spread throughout the group. The nucleus 
remains open to animals from the base herds, the best 
females from the latter being admitted periodically and 
compared with those in the nucleus. Usually, only 
females were transferred from the base to the nucleus 
since sire selection will not be practicable in base herds 
due to managerial reasons. The main advantage in the 
nucleus schemes was genetic superiority of sire 
replacements coming into the base herds from nucleus 
was far greater than what was achievable in each of the 
base herds. These nucleus breeding system propagate to 
improve livestock. The nucleus breeding systems may be 
closed or open depending on the direction of gene flow. 
With the development of cooperative group breeding 
system there was interest in open nucleus breeding 
system in sheep industry (Roden, 1994). In India a breed 
of livestock was kept at organized/institute farm known 
as organized herds and kept by farmers known as 
commercial herds or village herds which were very small 
to extend of 1-2 animals per farmer but collectively the 
village herds constitute more population of animals of a 
breed. An organized herd under progeny testing system 
programmes was treated as single herd but under 

nucleus breeding system the herd was divided in 2 
groups viz., Nucleus and Test herd (multiplier). The 
nucleus herd was constituted of elite females of total 
herd. The aim is to maximize the genetic gain in nucleus 
herd to pass on to multiplier herds and village herds. 
Thus, the genetic gain achieved in nucleus herd was 
passed on from nucleus to multiplier then to village 
herds. As flock size is small and variety of cooperative 
effort can be made for establishing a sizable nucleus 
population so that 2-3 % annual genetic progress 
achieved. 
Nucleus breeding scheme 
A typical breed structure consists of 3 tiers in the shape 
of pyramid. Nucleus tier consist of herds that breed their 
own male and female replacement. But in some cases, 
they may be occasionally importing a sire/dam from 
another nucleus herd. A nucleus herd has created which 
entirely used for production of males for breeding in the 
population. So, the nucleus herd has constituted of elite 
females of high genetic merit and size of about 10-15% 
top ranking females of total herd. Nucleus breeding 
system which may be closed or open depends on 
direction of gene flow. Once the breed structured 
established, the replacement stock for nucleus 
population were either bred entirely within nucleus in 
which nucleus has closed and genes can only move in 
one direction from nucleus to base. Otherwise, 
replacement may be selected from both nucleus and 
base born animals in which case nucleus said to be open 
and there were two way flow of gene (Roden, 1994). 
There are two types of nucleus breeding scheme viz. 
Closed Nucleus Breeding Scheme (CNBS) and Open 
Nucleus Breeding Scheme (ONBS). 

1. Closed Nucleus Breeding Scheme (CNBS) 

There was one way flow of genes, downward from top 
to bottom. This means that the only source of collective 
genetic progress in the commercial at the top of the 
pyramid in the nucleus populations. As no genes flow 
into nucleus tier, rate of inbreeding increased and 
overall genetic gain change this system called as closed 
system (Nicholas, 1987). The time taken in transfer of 
genetic progress from nucleus herd to lower herd 
known as improvement lag which can be reduced by 
adopting any of two practices viz., a) transferring of 
males and females of nucleus herd directly to the 
commercial herds and b) keeping the males and females 
in the lower herd for short time before replacing them 
with younger stock. Closed nucleus breeding system was 
mainly used in pig and poultry to avoid the risk of 
introducing diseases in the nucleus flock (Tomar, 2009). 
The main reason was that in pig and poultry breeding, 
nucleus herds and flocks were usually maintained under 
strict quarantine with the aim of excluding as many 
diseases as possible. Opening these nucleus populations 
to regular importations from other herds would involve 
a high risk of introducing diseases. 

2. Open nucleus breeding Scheme (ONBS) 
Gene flow were both way viz., downward from nucleus 
to other lower herd (multiplier and village) and upward 
from lower to upper herd (nucleus) by introduction of 
superior animals from other herds. Therefore, the 
superior animals from village (commercial) herds were 
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introduced into nucleus herd. This reduces the rate of 
inbreeding in nucleus herd and increases the genetic 
progress as superior animals are available with farmers. 
This systems mostly used in cattle, buffalo, sheep and 
goat (Nicholas, 1987). In these, sire breeding nucleus 
herd established to breed replacement sires for itself 
and the associated herds. Female replacements were 
reared in both the nucleus and base herds and there 
was transfer of females in both directions at regular 
intervals. The nucleus remains open to introduction of 
new gene from the surrounding area (Dixit and Sadana, 
1999).The most popular form of open nucleus breeding 
system involves a group of breeders approving to 
cooperate in the formation and subsequent running of 
an open nucleus in return for a regular supply of 
breeding stock males from nucleus for use in their own 
herds. These were called as cooperative breeding 
systems (Nicholas, 1987). The ONBS can be useful in the 
developing countries like India where herd or flock size 
was small and annual genetic progress can be expected. 
Efficiently designed open nucleus system can lead to a 
10-15% increase in annual response to selection and 
significant reduction in the rate of inbreeding in the 
nucleus when compared with the closed nucleus 
breeding system (Nicholas, 1987). Open nucleus 
breeding system having the shortest generation interval. 
So, shortest generation interval had the highest 
expected genetic gain (Meuwissen, 1991) and for 
getting high expected genetic gain in dairy industries 
ONBS has been used. As there was gene flow both ways, 
the rate of inbreeding gets reduced. ONBS is better than 
closed nucleus system (Meuwissen, 1991). The principal 
factors that influence the effect of an open nucleus 
system were nucleus size in relation to base population 
and migration rates between herds. These nucleus size and 
migration rates are the main   part   of   open   nucleus   system   
which   influences   the genetic gain (Roden, 1994). 
 

Advantages of ONBS 
It is important in genetic improvement programmes of 
livestock and to increase the overall rate of genetic gain. 
It reduces rate of inbreeding in nucleus herd and 
increased in genetic progress and that because of 
better-quality animals are selected. ONBS can increase 
overall rate of genetic improvement in population when 
compared with closed nucleus system. This was because 
of elite mating in nucleus gives higher proportions of 
genetically excellent progeny leading to faster genetic 
gains. Nucleus would be an ideal population for gene 
engineering research and development. 
MOET Nucleus Scheme 
MOET is a composite technology and includes super 
ovulation, estrus synchronization among recipient, 
Artificial Insemination of donor, short-term in vitro 

culture of embryos, embryo recovery from donor, 
embryo transfer into recipients. There is still 
considerable scope for improvement and appropriate 
research on all these component parts (Tervit et al., 

1990). MOET nucleus schemes involve creating a 
nucleus herd of elite males and females, intensive 
selection and testing in the herd, selecting elite males 
and females at early age based on family information i.e. 

performance of their sisters and half-sisters referred to 
as sibling test and not on the performance of their 
progenies as in the case of the Progeny Testing 
Programme or on their parents as in the case of 
pedigree selection, thus the generation interval is 
considerably reduced. Although the accuracy of 
selection under sibling test is lower than progeny 
testing, the benefits of reducing the generation interval 
make up for the loss of accuracy. The genetic responses 
under a well run ONBS could be as high as conventional 
progeny-testing programme. As selection and testing is 
done within a herd under controlled environment the 
greater degree of control on intensity of selection, 
generation interval and accuracy of selection is possible. 
The increased genetic response in these schemes is 
largely due to reducing the generation interval while less 
accurate selection. These schemes require a much 
smaller number of recording in dairy cattle than in 
conventional breeding programmes and could replace 
the need for expensive progeny testing.  
Types of MOET Nucleus Scheme 

1. Juvenile MOET Scheme 
Selection of bulls and cows is done at early age before 
first breeding using not only information of dam (record 
on her dam, her full sibs and her half sibs) but also of 
the sire (record on his dam, his full sibs and his half sibs). 
The generation interval in this scheme is less i.e. 2   years. 

2. Adult MOET Scheme 

Selection    of    bulls    and    cows    is    done    after    the    first 
lactation record. The selection of male and female is 
done on different   criteria.   Males   are   selected   on   the   
basis   of full sibs, half sibs and dams record. Females are 
selected on the basis of full sibs, half sibs, dam’s record 
and their own lactation records. The generation interval 
in this scheme is longer than Juvenile Moet Scheme i.e. 
3.75 years. 

3. Hybrid MOET Scheme 
Females are selected on the basis of first lactation 
record while breeding males are selected on the basis of 
progeny testing. (Nicholas and Smith, 1983). 
Benefits of MOET Technology 
Obtaining more offspring from valuable females, 
obtaining offspring from infertile females, exporting or 
importing animals as fresh or frozen embryos, testing for 
Mendelian recessive traits, introducing new genetic 
material into specific pathogen-free farms, increasing 
the population of rare or endangered breeds or species 
(Seidel Seidel, 1981). MOET schemes (Nicholas and 
Smith, 1983) allow genetic progress required for 
successful breeding programmes (Bichard, 1996). 
Meuwissen (1991) showed increased in female 
reproduction rate through the use of MOET. MOET-
ONBS was more advantageous over closed system to 
increase the overall genetic gain. ONBS with MOET was 
superior to maximum annual genetic improvement by 
62 per cent (Dixit and Sadana, 1999). It provides degree 
of control on genetic changes i.e. intensity of selection, 
generation interval and rate of inbreeding. If these 
controlled, then high rate of genetic progress may be 
achieved. 
Conclusion 
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Multiple Ovulation Embryo Transfer-Open Nucleus 
Breeding System (MOET-ONBS) is the best system in the 
developing countries like India for genetic improvement 
in dairy animals. ONBS would be best medium to 
introduce newer animal biotechnologies such as embryo 
sexing, embryo cloning and gene transfer. MOET -ONBS 
have been shown to yield higher rate of genetic gain as 
well as accuracy of selection and lower rate of 
inbreeding and generation interval. It offers two way 
gene flow and also suggests conservation of animal 
genetic resources. Open nucleus systems can operate 
effectively with multiple ovulation embryo transfer 
procedures for maximum genetic progress in farm 
animals. 
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Abstract: 

Marker assisted selection  is the process of  
differential rate of reproduction when the better 
individuals were selected based on markers, preferably 
molecular marker. Marker assisted selection is  better 
than conventional selection since, it can be applied for 
traits with low heritability, better genetic gain can be 
obtained, selection can be applied for traits expressed in 
sex limited and sex influenced trait, and for the traits 
expressed in later stage of life. Conservation  of 
indigenous breed  is  necessary as they possess  some 
unique traits and are better adapted to local 
agroclimatic conditions, which may get diluted and 
ultimately become extinct in the population. 
Conservation is the process of  sustainable management 
of the biosphere of human use for benefits in present 
time together with maintaining its potential to meet the 
future needs. Conservation process may be in-situ or ex-

situ. In case of in-situ conservation programme, where 
the animals are maintained in their native tract and also 
in-vivo ex-situ conservation, continuous genetic 
improvement is necessary, to make the process 
sustainable. Without genetic improvement, 
conservation will not be sustainable. Genetic 
improvement is possible through selective breeding, 
Apart from conventional selection process, better 
genetic gain can be obtained through Marker assisted 
selection (MAS).  Marker assisted selection reduces the 
generation interval and increases the accuracy of 
selection. The practical application of MAS with 
Booroola Fecundity gene (FecB) for selection of better 
prolific sheep or goat is very much promising in future  
and it can explain sufficient genetic variability and need 
to be implemented in national breeding policy. 
Introduction: 

 India has vast genetic resource of  sheep and 
goat which form the main backbone for the rural 
landless and marginal farmers. The total sheep in the 
country is 65.06 million numbers in 2012, declined by 
about 9.07% over census 2007. The Goat population has 
declined by 3.82% over the previous census and the 
total Goat in the country is 135.17 million numbers in 
2012 (19th Livestock Census 2014). Sheep and goat are 
mainly reared for meat and wool/ fibre and the 
importance lies  for their high prolificacy and 
uniqueness. They  are very popular due to small land 
holding pattern and keen interest of female enterprises.  
There is enormous biodiversity for  indigenous sheep 
and goat  existing in different agroclimatic zones of 
India. At present there are  42 breeds of sheep and  26 
breeds of goat in India (NBAGR, 2017). They possess 
some of the important and unique traits which need to 
be conserved for future use. Black Bengal goat of West 
Bengal is famous for its prolificacy, meat and skin 

quality. Similarly, Garole sheep is also famous world 
wide for its prolificacy and possess Fecundity gene as 
Fec BB. In past, there was sufficient evidence of 
introgression of Fec B gene in Australian Merino for 
improving its litter size. Australian Merino sheep (with 
the Fec B inherited from Garole) has been considered as 
one of the best breed in the world for wool production, 
which form the main basis for the highest wool 
production in the World. Similarly, other sheep breeds 
of West Bengal as Chotanagpuri, Bonpala and Birbhum 
reared in different agroclimatic zone of the region are 
also known for its higher prolificacy  and better 
resistance to most of the commonly occurring diseases 
(Pal et al., 2017). So there is an urgent need to maintain 
the biodiversity and conserve the breeds in its native 
tract. Since these indigenous breeds are with smaller 
body size, there is a tendency among the farmers for  
crossing with breeds of larger body size. Farmers prefer 
to cross Black Bengal with larger sized breed as 
Jamunapari or Beetal. Although they get immediate 
return in next year, but overall gain is reduced since 
litter size is reduced along with deterioration in meat  
and skin quality, which are the unique traits, referred to 
as genetic dilution. In an ongoing project of our 
university entitled “ Molecular characterization and 

identification of disease resistant genes of indigenous 

sheep of West Bengal”, we could document a new breed 
of sheep as Birbhum sheep reared mainly for meat 
production with the unique traits being better 
prolificacy, better growing and comparatively less prone 
to most of the commonly occurring diseases. Hence, 
immediate conservation is essential along with genetic 
improvement , so that the breed may be economically 
viable and sustainable in farmer’s herd.   

 Genetic dilution occurs in case of cross 
breeding or genetic admixture between two breeds 
reared  in adjacent areas.  Hence conservation is an 
utmost necessity. In-situ conservation is a process when 
breeds are maintained in their respective   breeding 
tract. For the genetic upgradation and genetic 
improvement process, marker assisted selection is one 
of the best method. In case of multitrait selection, say in 
small ruminants, the most important traits are growth 
traits (body weight, daily body weight gain), litter size 
and disease resistance. In the process of marker assisted 
selection, individual marker identified for each trait may 
be selected at a time for better genetic gain. Hence, in 
the present content, marker assisted selection in 
conservation programme  for genetic improvement is 
discussed. 
 
Marker: 

Types of marker: 
1. Morphological marker: In this case animals are 

selected based on appearance. For example, 
pigmentation. The main drawback is lack of 
polymorphism. Unless there is sufficient 
variability, selection becomes highly 
ineffective. 

 
2. Biochemical marker: Here, the animals are 

selected based on biochemical characteristics. 
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Examples being  variations in Haemoglobin, 
amylase, blood groups etc. 

 
3. Chromosomal marker: Animals are selected 

base on structural and numerical variations  in 
chromosome. Structural variations include 
deletion, insertion, substitution. Numerical 
variations include trisomy, monosomy, etc 
Disadvantages are reduced polymorphism. 

 
4. Molecular marker : These are the markers 

which reveal variation or polymorphism at  
molecular level. The main advantages of 
molecular marker are that they are highly 
polymorphic, co-dominant expression, 
complete penetrance, non-destructive assay, 
random distribution through out genome, can 
be detected at day old stage, can be detected 
from any body tissue, both sex, highly 
applicable for sex linked and sex limited traits. 

 
      Molecular markers are a small fraction of the DNA 
sequence typically makes up genes, while the major 
share of the DNA represents non-coding sequences 
(97%), the role of which is not clearly understood. 
Molecular markers may be present in the coding region  
(exon of gene), may be in the non-coding region  (intron 
within the gene or junk DNA). Most of the  DNA (97%) 
remains outside gene, reffered as junk DNA.  These  
contain QTL markers, known as Quantitative trait loci 
(QTL). Other markers may be RAPD, microsatellite, VNTR 
etc. Linkage disequilibrium  is an important criteria to be 
taken into consideration. If QTL is to used for a marker, 
it should be closely linked with the genes of economic 
importance.  
 
Different kinds of molecular markers exist. They may 
differ in a variety of ways – such as the amount of 
genetic variation at each marker. The information 
provided to the breeder by the markers varies 
depending on the type of marker system used.   
 
Selection: 
It is the process of differential rate of reproduction 
where some parents with better phenotype were 
allowed to reproduce whereas others are not.  
 
Marker assisted selection: It is the process of  indirect 
selection aided by molecular markers. The addition of 
genomic information to phenotypic information to 
increase the selection response to the traditional 
method is known as Marker-Assisted Selection (MAS). 
The method where marker genes used to indicate the 
presence of desirable genes is called as marker assisted 
selection . 
MAS is based on the concept that it is possible to infer 
the presence of a gene from the presence of a marker 
which is tightly linked to the gene of interest.If the 
marker and the gene are located far apart then the 
possibility of their transmission together to the progeny 
individuals will be reduced due to double crossover 
recombination events. Hence linkage is important. 

 Marker assisted selection (MAS) is indirect selection 
process where a trait of interest is selected not based on 
the trait itself but on a marker linked to it. The purpose 
is to combine all genetic information at markers and QTL 
with the phenotypic information to improve genetic 
evaluation and selection.Marker assisted selection is 
also known as Marker assisted Breeding or marker 
assisted introgression. Marker assisted selection (MAS) 
is also termed as marker aided selection and marker 
assisted breeding (MAB). It differs from gene assisted 
selection (GAS) which refers to the selection which is 
based on QTLs (Ruane  and  Colleau, 1996; Uleberg and 
Meuwissen, 2007 ). 
 
History of MAS 

 

The concept of Marker Assisted Selection (MAS) utilizing 
the information of polymorphic loci as an aid to 
selection was introduced as early as in 1900 . From 1970 
onwards, technology was developed for identification 
and genotyping of large number of genetic markers.  
Researches were undertaken  to demonstrate the 
identification of  genomic regions that control variation 
in quantitative traits. The work was conducted on QTL to 
enhance selection, have raised high expectations for the 
application of gene or marker assisted selection in 
livestock. 
 
Relative advantage of MAS/GAS over traditional 
selection is higher in case of 
� traits with low  heritability  
 �the QTL is of larger  effect  
� the favourable allele is initially rare 
� QTL and marker are  closely linked 
� mode of gene action is  non-additive 
 
Gene markers are most beneficial for traits which are 
difficult to improve under traditional selection. They 
include  

1.  Slaughter and carcass traits e.g. pH, Tenderness, 
colour of meat.  

2. Traits measured on one sex only  
3. Sex limited trait as Milk Production  
4.   Traits that are measured late in life  
5.  Lifetime fecundity  
6. Traits that are difficult or expensive to 

measure 
7.  Disease resistance traits 

 
Methodological advantage of MAS : 

 
 DNA isolated from any tissue eg. Blood, hair 

etc. 
 DNA isolated at any stage even during foetal 

life 
 DNA has longer shelf-life readily exchangeable 

b/w labs 
 Analysis of DNA carried out at early age/ even 

at the embryonic 
 Stage irrespective of sex. 
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Conservation: 
Conservation is defined as the management of the 
biosphere of human use for benefits in present time 
together with maintaining its potential to meet the 
future needs. Conservation includes the process of 
preservation along with improvement of  genetic 
potential and management of a breed  for use in future. 
For any conservation programme, one of the mot 
important criteria is to ensure genetic variability. 
Conservation process may be in-situ or ex-situ.  In- situ 
conservation is the process of the maintenance of live 
population of animals in their native tract. In-vivo 
method of  Ex-situ conservation is applicable for live 
animals in small numbers at a  place away from the 
breeding tract. In –vitro method of  ex-situ conservation 
includes storage of living cells for long period of time, 
viz. deep freezing of sperms and oocytes, embryos and 
storage of DNA. MAS is applicable for in-situ 
conservation  as well as in-vivo method of ex-situ 
conservation.  
 
Selective breeding : It is a process of genetic 
improvement in a herd when selection is practised year 
after year.  
Successful MAS breeding programmes require 

advances in five areas 

 
 •  Gene mapping: Identification and mapping of genes 
and genetic polymorphisms. 
 •  Marker genotyping: Genotyping of large numbers of 
individuals for large numbers of markers at a reasonable 
cost for QTL detection and routine application for MAS.  
•  QTL detection: Detection and estimation of 
associations of identified genes and genetic markers 
with economic traits. 
 •  Genetic evaluation: Integration of phenotypic and 
genotypic data in statistical methods to estimate 
breeding values of individuals in a breeding population.  
•  MAS: Development of breeding strategies and 
programmes for the use of molecular genetic 
information in selection and mating programmes.  
  
Steps/ Methodology involved in MAS: 

 1.  Validation of molecular markers: Extract the DNA 
from test individuals and find out whether there is one-
to-one relationship with marker and the trait.  
2.  Extract the DNA of breeding population at the early 
stage and apply MAS. Select the individuals on the basis 
of presence of desired molecular markers for the 
concerned trait.   
3. From markers to MAS:   
The molecular marker systems described above allow 
high-density DNA marker maps (i.e.  many markers of 
known location, interspersed at relatively short intervals 
throughout the genome) to be constructed for a range 
of economically important farm animal species.This 
providing the framework needed for eventual 
application of MAS. The next step is that putative genes 
affecting traits of interest can be detected by testing for 
associations between marker variants and any trait of 
interest. These traits might be genetically simple 
(Dekkers, 2004) 

 
Limitations of MAS 

 •  Initially high Cost involvement 
 •  Requirement of technical skill 
 •  Automated techniques for maximum benefit  
•  DNA markers are not affected by environment but 
traits may be affected by the environment and show G x 
E interactions. Therefore, while developing markers, 
phenotyping should be carried out in multiple 
environments, and implications of G x E should be 
understood and markers should be used judiciously. 
 •  DNA marker has to be validated for each the breeding 
population. Assumptions regarding the validity of 
markers may be disastrous.   
* Large population size is essential for its validation. 
 
Current application of MAS in livestock  

The first reported map in livestock was for the chicken in 
1992, which was quickly followed by publication of maps 
for cattle, pigs and sheep. Since then, the search for 
useful markers has continued and further species have 
been targeted, including the goat, horse, rabbit and 
turkey (see http://www.thearkdb.org). Microsatellite 
markers have been one of the most promising marker. 
Markers have been identified for almost all farm animal 
species, including against milk production in dairy cattle 
(Ansari-Mahyari et al., 2008; Lipkin et al., 2008), buffalo 
(Sarika et al., 2013), growth and carcass traits of beef 
cattle (Carr et al., 2006), chicken (Lipkin et al., 2002; 
Lahav et al., 2006), and goat (Shen et al., 2004).   There 
are reports of methodology for MAS (Hayes et al., 2007, 
Kwame AD and Lawrence BS, 2012), genomic selection 
strategies (Thomasen et al., 2013; Buch LH et at., 
2012a), use of molecular technologies for the 
advancement of animal breeding (Spelman et al., 2013), 
the efficiency of MAS (Lande and Thompson, 1990) and 
genomic selection (Florian et al., 2013; Roos et al., 
2011), QTLs and epistatic effects (Liu et al., 2003), types 
of selection model (Luo et al., 1997), genome-wide 
screening for markers (Meuwissen et al., 2007), MAS in 
dairy breeding (Meuwissen and Van Arendonk, 1992), 
relationship between MAS and linkage analysis (Ollivier, 
1998), relationship between MAS and inbreeding 
(Pedersen et al., 2009) and selection for sex limited 
characters (Ruane and Colleau, 1996). ISAG–FAO 
recommended some microsatellite markers for cattle, 
buffalo, sheep, goat, horse, donkey, camelid, pig and 
chicken (FAO, 2011). Holstein Association, USA 
developed genomic testing technologies and offer a 
wide array of tests (Holstein Association USA, 2011).  
Illumina designed cost-effective chips and provides the 
services to evaluate the genetic merits of cattle (Illumina 
2011a; Illumina 2011b; Illumina 2011c). An Animal QTL 
database (Animal QTLdb) strives to collect all publicly 
available trait mapping data, e.g. QTL 
(phenotype/expression, eQTL), candidate gene and 
association data (GWAS). Copy number variations (CNV) 
mapped to livestock animal genomes was constructed 
recently, to facilitate locating and comparing discoveries 
within and between species 
(http://www.animalgenome.org/cgi-bin/QTLdb/index). 
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The practical application of  MAS with Booroola 
Fecundity gene has a major effect for improving 
prolificacy, which need to be implemented in future 
breeding policy. MAS is also very much effective for 
qualitative traits (Van der Werf ,.2007). 
 
A simple example of molecular marker (RFLP). 

 
In the 5th exon of growth hormone gene, CTG 

codes for leucine, while GTG codes for valine (Pal et al 
2004, Pal et al., 2014, Pal et al., 2005). Through 
phenotypic association study, it was observed that 
leucine variant codes for better phenotype in terms of 
growth (Pal et al., 2004), reproduction (Pal et al., 2014 ) 
and production (Pal et al., 2005).  Hence it may be 
considered as a marker for above described phenotypic 
traits. It has to be observed if the marker is segregated 
or not and it is transmitted from generation to 
generation. 
 
Fig: Schematic representation of Growth hormone gene 

.

Growth Hormone Gene
19q26qter position of bovine chromosome

(Hediger et al.,1990)

exon1 exon2 exon3 exon4 exon5

TAT
AAA

intron1 intron2 intron3 intron4

1793 nucleotides

Promoter 

region
3´ 5´

 
 
(Courtesy: Pal et al, 2004) 
Application of Molecular markers: 

� Gene mapping 
� Pre and post natal diagnosis of diseases 
� Anthropological and molecular evolution 

studies 
 

Conventional techniques for detection of 

polymorphism: 

 

RFLP, SSCP, RAPD, AFLP, Sequencing (Sanger’s 
sequencing) 
 
Other recent techniques for animal improvement: 

1. Differential mRNA expression analysis using 
real time PCR 

2. Genomic selection- through  Genome wide 
association study (GWAS) 

3. Exome sequencing 
4. Other NGS studies 
 
Genome wide association study is similar to Marker 
assisted selection, but in GWAS, markers are 
distributed throughout the genome. Since most of 
the economic traits are polygenic in inheritance, in 
most of the case, only a small variation is explained 
by a single marker. 

 

Conclusion: 

The application of MAS in breeding programmes 
depends on the knowledge of breeders about variable 
marker information from animal to animal and the 
different effects on multiple traits and his ability to 
spend in genotypic information that helps in improve 
their commercial breeding activities. MAS also provide 
an apparently possible approach to selection for genetic 
disease resistance animals. In the future to make MAS 
effective in large breeding populations, the availability 
of large-scale genotyping methods and infrastructure 
that allows the generation of hundreds of thousands of 
molecular data at a reasonable cost will be necessary. 
Apart from MAS, molecular data are very much useful in 
any conservation programme for assessment of 
biodiversity through Heterozygosity index, 
polymorphism information index (PIC). 
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1. Introduction  

Sheep and Goat rearing and production has been the 
important source for sustainable livelihood of the rural 
folk mainly in arid , semi arid and temperate regions of 
India as it serves their various needs and provides an 
unceasing source of income round the year. Goat has 
been reared mainly for the mutton whereas sheep are 
reared for mutton as well as wool production since ages; 
however, recently the trend has shifted more towards 
the enhanced mutton productivity and profitability. 
These small ruminant acts as source of instant income in 
the event of emergency situation. These sheep and goat 
can even thrive in draught and harsh conditions on 
minimal input thereby providing poor marginal and 
landless farmers livelihood and nutritional security.  
There is rich genetic diversity of sheep and goat in India. 
In India total well characterized and accredited breeds 
of sheep and goat are 42 and 26, respectively. 
2. Sheep Population in India  

 The total population of sheep in India is 65.06 million 
(2012) which was 71.60 millions in 2007. There has been 
negative trend in population growth. According to the 
Livestock Census 2012, United Andhra Pradesh ranks 
first in sheep population with nearly 40.57% sheep 
population followed by Karnataka (14.73%) and 
Rajasthan (13.95%). The total contribution of mutton, 
wool, skin and manure from sheep rearing are 441, 
47.09, 56.30   and 190 million Kg respectively. It provides 
employment to 6 million people and the revenue 
generated from export of wool and animal fiber is 
178539 thousand USD. 

2.1. Sheep Breeds  
Based on the agro-climatic conditions and 

habitat of sheep it can be divided into four regions.  
A) North Temperate Region: Sheep breeds 

found in this area areGaddi, Rampur Bushair, Bhakarwal, 
Poonchi, Karnah, Gurenz, Kashmir Valley and 
Changthangi. North Temperate Region comprises of 
Jammu and Kashmir, Himachal Pradesh and Uttarakhand 
having medium wool type breeds  

B) North western arid and semi-arid region 
includes the States of Rajasthan, Punjab, Haryana, the 
plains of Uttar Pradesh, Gujarat and Madhya Pradesh 
having carpet wool type sheep breeds of Chokla, Nali, 
Marwari, Magra, Jaisalmeri, Pugal, Malpura, Sonadi, 
Pattanwadi, Muzaffarnagri, Jalauni, Hissardale and 
Kheri. Marwari sheep has been numerically the most 
important and largest contributor to carpet wool 
production in the country(Acharya R M, 1982).  

C) Southern peninsular region covers of the 
states of Maharashtra, Andhra Pradesh, Karnataka and 
Tamil Nadu having meat type breeds of Deccani, Nellore, 
Bellary, Hassan, Mandya, Mecheri, Kilakarsal, Vembur, 
Coimbatore, Nilgiri, Ramnad white, Madras Red, Trichi 

Black and Kenguri. Deccani sheep is numerically most 
important and is largest contributor to the meat 
production in the country . 

 C)  Eastern region comprises of the states of 
Bihar, West Bengal, Orissa, Assam and North Eastern 
states having hairy breeds of Chottanagpuri, Bolangir, 
Ganjam, Tibetan, Bonpala and Garole. Garole sheep in 
Sunderban areas of West Bengal are reputed for 
multiple birth.  
  
2.2. Sheep breeds and their unique characters  

Breed  Unique characteristics  

Magra Lustrous wool, excellent for carpet 
manufacture  

Changthangi Alpine sheep of high altitude for 
fine wool  

Chokla Fine carpet quality fleece  

Garole High fecundity- twins and triplets 
common. Survival under saline 
conditions.  

Mecheri, Madras 
Red  

High quality skin and mutton  

Mandya Excellent meaty conformation, high 
quality and meat palatability.  

Patanwadi Carpet wool and good milk 
producer  

Nellore  Tallest sheep breed of India.  

Muzaffarnagari Best mutton producing breed  

Marwari, 
Deccani , 
Jaisalmeri 

Hardy and capable of walking long 
distances during migration.  

Kendrapada High fecundity- twins and triplets 
common.  

                                                                                     

(Bhatia and Arora, 2005) 
2.3. Sheep Breeds considered being at risk  

In India, 21% of the total breeds (Ganjam, Bhakarwal, 
Gurez, Karnah, Nilgiri, Poonchi, Poogal and Magra) show 
declining trends in their population and demand 
conservation.  Criteria of breeds at risk if breedable 
population is  around 50,000 it is considered to be 
normal, once population is in therange of 30,000 –
50,000 with constant  declineit is called as insecure.  If 
the population range is 15,000 – 30,000  this condition is  
defined as  vulnerable. Endangered is a situation where 
population ranges from 8,000 – 15000. It becomes 
critical once it is less than 8000 
Breeds/strains of Indian sheep considered at risk

* 

Breed/strain  Location  Risk 

status  

Main causes 

for decline 

Bhakarwal, 
Gurej, 
Karnah, 
Poonchi 

Jammu 
& 
Kashmir  

Endanger
ed  

Indiscriminate 
crossbreeding 
with exotic 
fine wool 
breeds 

Changthangi Ladakh Endanger Smaller flocks 
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ed  scattered in 
large area of 
fragile ecology 

Rampur 
Bushair 

Himacha
l 
Pradesh  

Endanger
ed  

Indiscriminate 
crossbreeding 

Tibetan and 
Bonpala 

Sikkim  Endanger
ed  

Smaller flocks 
scattered in 
large area of 
fragile ecology 

Muzaffarnag
ari 

Uttar 
Pradesh  

Declining  Small grazing 
area 

Malpura, 
Chokla 

Rajastha
n  

Declining  Introduction 
of Marwari 
inheritance 
through 
migratory 
flocks 

Magra Rajastha
n  

Endanger
ed  

Crossing with 
Marwari\Kheri 

Pugal Rajastha
n  

Declining  Crossing with 
Marwari/Kheri 

Jaisalmeri Rajsthan Declining  Intermixing 
with Chokla 

Mandya Karnatak
a  

Endanger
ed  

High incidence 
of 
cryptorchidism 

Nilgiri Tamilna
du 

Endanger
ed  

No demand of 
wool in Tamil 
Nadu and their 
indiscriminate 
slaughter 

Kilakarsal Tamilna
du 

Endanger
ed  

Crossing with 
Vembur/Ramn
ad white. 

*Source: (Bhatia and Arora, 2005) 
 

3. Goat Breeds  

India has the largest goat population in the 
world. Their number has increased at the annual rate of 
approximately 3.2%, which appears to be the highest 
rate among all species of livestock in the country. India 
possesses 22 recognized breeds of goat apart from non-
descript. India has been divided into four eco-zones for 
the purpose of description of goats depending upon 
their production and adaptability and has been evolved 
primarily through natural process relevant to diversified 
agro-climatic conditions. 
A) Temperate Himalayan region: Changthangi, 
Chegu, Gaddi, Shingari. 
B) North-Western region: Barbari, Beetal, 

Jamnapari, 
Jakhrana, Kutchi, 
Marwari, Sirohi, 
Surti, Zalawadi. 

C) Southern region:  
 Malabari, Osmanabadi, Sangamneri. 
D) Eastern region:  Assam hill, Black Bengal, 
Ganjam.  
 

 There is large variation among the breeds with 
respect to their production traits namely, milk, meat and 
fibre in the different eco-zones of the country. The goat 
breeds of temperate Himalayan region include Cheghu 
and Changthangi, which possess the finest natural fibre 
as under coat commonly known as Pashmina. All the 
milch breeds, Beetal, Jamunapari, Surti, Jakhrana are 
found in the hot-dry belt of the North-Western India. In 
the Southern and Western Zones of India long legged 
dual-purpose breeds, Malabari, Marwari, Kutchi, 
Zalawadi, Mehsana and Sirohi are prevalent. Highly 
prolific dwarf breed, Black Bengal covers a major part of 
Eastern India. Assam Hill goats (Syn. Khasi) are a hairy 
well-built, short-legged animal adapted to hilly climate 
of undivided Assam. Wild goats of Andaman have drawn 
the attention of Scientists recently as they survive on 
seawater, leaves and fruits. Most of the goat breeds of 
Western region are suitable for meat production under 
intensive grazing; Southern and Eastern region goat 
breeds attain early maturity and are more prolific. In 
Southern region most of the goats are non-descript and 
only two breeds i.e. Malabari and Osmanabadi have 
been recognized. Recently, some local types have been 
identified (e.g. Salem Black in Tamil Nadu and Attappady 
Black in Kerala). 
3.1. Unique characteristics of Indian Goat Breeds  

 
1 Milch type  Jamunapari, Beetal, Surti and Jakhrana 
 
2 Meat type  Bengal, Barbari, Sirohi, Kutchi, Marwari, 
  Zalawadi, 
Sangamneri, Mehesana and Osmanabadi. 
 
3 Fibre type Gaddi and Khasi (long hairy), Changthangi 
and Cheghu  (Fine undercoat - Pashmina) 
 
3.2. Threatened Goat Breeds of India: Due to constant 
decline in population of some goat breeds of India they 
have been listed under threatened breeds viz;  
Jamunapari , Beetal,Jakhrana,Surti, 
Sangamneri,Osmanabadi, Ganjam , Malabari, 
ChangthangiChegu and Attappady Black goat. There is 
dire need to conserve these breeds in order to meet the 
future requirements.  
4.0. Importance of conservation of Sheep and Goat 

Breeds  

Pastoralists and small and marginal farmers are 
somehow or other are dependent on the livestock those 
have been their companions since ages. They symbolizes 
their culture, knowledge systems and societies. These 
animals are unique with respect to tolerance to biotic 
and abiotic stresses. These animals and breeds continue 
to produce meat, wool and other produce without much 
input on feeding, care and veterinary assistance. In spite 
of this, these breeds are in danger of extinction, pushed 
out by modern production techniques and diluted by 
experiments such as inheritance of exotic germplasm. 
Today, in the time of competition, the focus of farmer as 
well as government is diverted towards the high 
producing breeds those can meet the demand and in 
turn the diversity of the sheep and goats breeds faces 
challenges for existence. This small number of high 
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producing breeds leads to narrowing the genetic base, 
as native breeds are neglected in response to market 
forces. The diversity of animal genetic resources is 
essential to satisfy basic human needs for food and 
livelihood security. Genetic diversity defines not only 
animals’ production and functional traits, but also their 
ability to adapt to different environments, including 
food and water availability, climate, pests and diseases. 
It has also been found that the Indian sheep breeds are 
more resistant to the gastrointestinal parasites as 
compared to the crossbreds or exotic sheep. There are 
many sheep genetic resources which are unique and 
therefore popular among the local population (Bhatia 
and Arora, 2005). Thus we need to preserve this trait 
which is possible only if we can save these breeds form 
extinction. 
4.1. Different Methods of Conservations of Sheep and 

Goat in India  

A) In situ conservation: It is the method of conservation 
where animals are bred in their home tract with the 
purpose of increasing their breedable population. 
Different ways of In situ conservation are : 

a) Genetic Improvement and Sustainable 

management. 

b)  Institutional flock.  

c) In farmers flock  

 i. Creation of breed societies. 
 ii. Financial assistance to farmers.  
 iii. Increased extension services.  
 iv. Provision of improved breeding 
rams.  
 v. Creation of public awareness and 
mass movement.  
 vi. Incentives and awards. 
 

B) Ex Situ conservation: It is the method of 
conservation where animals are reared away from the 
home tract and production system. It includes the 
different biotechnology tools to save the population 
for future use.  

a) Cryopreservation: It is used for future use, 
when probably the breeds shall be extinct, or a 
specific desired character goes missing 

– Semen, ova, embryos, tissue, etc. for potential 
future use are cryopreserved.  

– National Animal Gene Bank where genome of the 
animals are preserved. In India, It has been 
established at NBAGR and frozen semen of 
different sheep and goats are maintained.  

 

5.0. Breeding policy for sheep and goat (National 

Livestock Policy-2013, DADHF)  

1. This aims to improve growth, body weight, 
reproductive efficiency, meat and wool quality 
and quantity, and to reduce mortality.  

2. An area specific approach would be adopted 
to improve quality and quantity of coarse wool 
and fine wool. 

3.  Main focus will be to produce and distribute 
good quality rams/bucks of quality indigenous 
breeds which can thrive in different agro-
climatic conditions. 

4.  Artificial insemination would also be 
encouraged.  

5. Cross-breeding with high yielding exotic and 
other native breeds of goats will also be 
considered.  
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CONSERVATION OF THREATENED GOAT 

AND SHEEP BREEDS IN INDIA 
 

Ajoy Mandal,  
ICAR-National Dairy Research Institute, Eastern Regional 

Station, Kalyani, West Bengal, India 
Introduction 

India is a rich repository of goat and sheep 
genetic resources having 23 and 42 well-recognized goat 
and sheep breeds, respectively and these breeds have 
evolved in respect to different geographical and climatic 
situation. These different breeds have specific 
importance in different agro-climatic zones and 
developed special adaptational features over the years 
to survive and simultaneously give sustained production 
under the agro-climatic conditions of their habitat. 
These breeds of two different species have generally 
been named after their place of origin and in some cases 
based on their prominent characteristics. Attempts have 
been made to characterize and register the breeds of 
goats in different regions, but so far only 23 breeds have 
been recognized, leaving about 75 % of goat population 
being called as non-descript though they have certain 
unique characters. According to the FAO (2000) World 
Watch List, there are 60 breeds of sheep in India. This 
list includes both well recognized and lesser known 
breeds along with some wild species. Goats and sheep 
both contribute greatly to the agrarian economy, 
especially in areas where crop and dairy farming are not 
economical, and play an important role in the livelihood 
of a large proportion of small and marginal farmers and 
landless laborers. However, intermixing of nearby 
breeds, introduction of exotic breeds, and change in 
farming system have resulted in decline in purebred 
population for both the species. Conservation of genetic 
resources in developing countries is far more complex, 
because, in a vast majority of the cases, information 
about available genetic resources, and need for and 
methods of conservation are not adequate. 
Determination of status and characterization of 
indigenous goat and or sheep genetic resources is 
essential for planning domestic animal diversity 
conservation plans (DAD-IS, FAO). Conservation of goat 
and sheep genetic resources, not only national but an 
international issue, therefore, needs more attention to 
the present status of goat and sheep biodiversity and 
outlining measures that are necessary if the goals of 
goat and sheep diversity conservation and self-reliance 
are to be combined. 

 

Goat and Sheep Breeds & their Distribution  

 There are 351 breeds of goats in the world, 
out of which 23 well recognized breeds are found in 
India. The number, however, varies from 20 to 29 
depending upon the reports available in published 
literature. The large goat population (135.2 million) in 
the country mainly constitutes about 20-25% of the total 
goat population and remaining is non-descript having 
mixed features. The goat breeds with varying capacities 
to produce meat, milk and fibre have developed in India 
primarily through natural selection as well as by 

selective breeding or crossbreeding to diversified agro-
climatic conditions based on their utility and production 
function (Table 1).  

The goats are widely distributed all over the 
country in different agro-climatic regions (2.4% of the 
total goat population in Temperate Himalayan region, 
39.3% in North-western region, 32.1% in Eastern region 
and 26.2% in Southern region). The goat of temperate 
Himalayan region grows fibres of good quality where 
rainfall is low and possesses the finest quality of under 
coat called 'Cashmere' or 'Pashmina'. The goat breeds 
found in North and Northwestern region are reasonably 
large in size and primarily of dairy type. In the Southern 
and Peninsular part of the country, goats of dual utility 
(meat and milk) are found. The highly prolific meat 
breeds are found in the eastern region of the country 
(Bhattacharyya and Khan, 1988). Marwari in western dry 
region of Rajasthan, Kutchi in the Gujarat plains and 
Black Bengal in lower gangetic plains of West Bengal are 
the important goat breeds for the purpose of meat 
production. The Jamunapari in upper gangetic plane, 
Jakhrana in the central plateau and Osmanabadi in 
western plateau and hill regions have been breeds of 
choice for higher milk production. 
Table 1.Distribution of goat breeds along with their 
utility in different regions of India 

Temperate 

Himalayan 

region 
(Includes 

the states of 

Jammu & 

Kashmir, 

Himachal 

Pradesh and 

hilly areas 

of Uttar 

Pradesh)  

North-western 

region(States of 

Haryana, Punjab, 

Rajasthan, 

Gujarat, Plains of 

Uttar Pradesh, 

and North & 

Western parts of 

Madhya Pradesh) 

Southern 

region 
(States of 

Maharashtra, 

Karnataka, 

Kerala, Tamil 

Nadu, 

Andhra 

Pradesh and 

parts of 

Madhya 

Pradesh) 

Eastern 

region 
(States 

of Bihar, 

West 

Bengal, 

Orissa 

and all 

the 

states in 

eastern 

part of 

the 

country) 

Gaddi (Long 
hair, meat, 
pack 
animal) 
Changthangi 
(Fibre, 
meat, pack 
animal) 
Chegu 
(Fibre) 
 
 
 

Jamunapari(Meat, 
Milk) 
Marwari (Meat, 
Hair) 
Zalawadi (Meat, 
Hair) 
Beetal (Meat, 
Milk) 
Kutchi (Meat, 
Milk) 
Sirohi (Meat, 
Milk) 
Barbari ((Meat, 
Milk) 
Mehsana (Milk, 
Meat) 
Surti (Meat, Milk) 
Jakhrana (Milk, 
Meat) 
Gohilwadi (Meat, 
Milk) 

Sangamneri 
(Meat, Hair) 
Osmanabadi 
(Meat, Milk) 
Kannai Adu 
(Meat) 
Malabari 
(Meat, Milk) 
Attappady 
Black (Meat) 
Konkan 
Kanyal 
(Meat) 
Berari (Meat) 

Ganjam 
(Meat) 
Bengal 
goat 
(Meat) 
 

India possesses approx. 65.1 million of sheep 
(Livestock census,2012) and although the country is 
having about 40-43 descript breeds of sheep, (Acharya, 
1982; Kushwaha et al., 1999, Khan et al., 2001, Bhatia et 



COMPENDIUM 

ICAR Sponsored 10 days Short Course on “Conservation of indigenous 

breeds of small ruminants in their respective tracts” 

 

67 | P a g e  

 

al., 2004) but majority of sheep population (around 
75%) do not belong to any of the defined breeds. The 
sheep breeds have been classified based on agro-
ecological regions (Table 2) viz. a) North temperate 
region, b) North-Western arid and semi-arid region c) 
Southern peninsular region and d) Eastern region. 
Classification has also been based on major products i.e. 
a) apparel wool, b) carpet wool, c) meat and carpet wool 
and d) meat types. The Indian sheep are derived both 
from Urial and Argali stock. They are thin tailed, medium 
to coarse wool type in North temperate and North 
Western regions and hairy type in Southern Peninsular 
and Eastern regions. The description of most of breeds is 
based on physical conformation and body size with 
some indication of the major products obtained from 
breeds. Of the breeds of sheep, Marwari in North West 
and Deccani in southern - peninsular are numerically the 
most important and may be the largest contributors to 
carpet wool and meat production in the country. 

In the Northern temperate region, most flocks 
are small and stationary. However, about 20% of the 
flocks are migratory and are comparatively bigger in 
size. The stationary flocks graze in harvested fields, 
along the waterways, in forests and in permanent 
pastures on common grazing land. The migratory flocks 
graze on foothills and in the valleys in winter and move 
to high altitude forests and alpine meadows in summer. 
This region has a sheep population of 6.42 m.  Most of 
the important sheep breeds in this region have been 
involved over the last few years in cross-breeding with 
exotic fine wool breeds for increasing apparel wool 
production. 

In the North-Western arid and semi arid 
region, most sheep flocks are stationary. In Gujarat 67% 
and in Rajasthan 86% are reported to be stationary, 
while in Haryana and Punjab, there is almost no 
migration except within districts. This region has the 
second largest population of sheep of the four regions. 
The wool produced is mostly suited for manufacture of 
carpets, felts and blankets. This region is the most 
important in the country for carpet-wool production. 
Different breeding strategies have been adopted in 
different regions for improving wool production, quality 
and body weight in sheep. In north western region 
emphasis is on improving carpet wool production. 

In the Southern peninsular region, there is 
very little migration of the kind observed in the 
northwestern region. In Maharashtra, about 80% of the 
sheep are stationary. Most flocks begin migration 
between October and February and return to their 
homestead by May to July, at or before the onset of 
monsoon. Only a few families move with their flocks; in 
most, one or more members of the family look after the 
flock during migration. Most of the flocks remain within 
their districts or move only to neighbouring districts. In 
Andhra Pradesh, 94% of the flocks are recorded as 
stationary, the migration pattern being similar to that in 
Maharashtra.   Most sheep in this region, except the 
Nilgiri, are maintained primarily for meat. In this region 
selection among better indigenous mutton breeds such 
as Nellore and Mandya and upgrading of inferior mutton 
breeds with these has been adopted (Acharya, 1999). 

In the Eastern region, most of the flocks are 
stationary, migrating to neighbouring districts only in 
scarcity periods. The total sheep population of this 
region is 5.26 m. Most of the breeds are primarily 
maintained for meat and the animals produce extremely 
coarse and hairy fleeces. In eastern and northeastern 
regions, emphasis is on improving quality and quantity 
of carpet wool through grading with better indigenous 
carpet wool breeds and crossing with exotic fine wool 
breeds. 

 
Table 2. Distribution of sheep breeds along with their 
utility in different regions of India 
Temperate 

Himalayan 

region 
(Includes 

the states 

of Jammu & 

Kashmir, 

Himachal 

Pradesh 

and hilly 

areas of 

Uttar 

Pradesh)  
 

North-

western 

Region 

(States of 

Haryana, 

Punjab, 

Rajasthan, 

Gujarat, 

Plains of Uttar 

Pradesh, and 

North & 

Western parts 

of Madhya 

Pradesh) 

Southern 

region 
(States of 

Maharashtra

, Karnataka, 

Kerala, Tamil 

Nadu, 

Andhra 

Pradesh and 

parts of 

Madhya 

Pradesh) 

Eastern 

region (States 

of Bihar, 

West Bengal, 

Orissa and all 

the states in 

eastern part 

of the country 

Rampur 
Bushair 
(Carpet 
wool),  
Gaddi 
(Carpet 
wool),  
Gurej, 
(Carpet 
wool), 
Karnah 
(Apparel 
wool),  
Bhakarwal 
(Carpet 
wool),  
 Poonchi, 
(Carpet 
wool),  
Kashmir 
Merino 
(Apparel 
wool) 
Changthang
i (Carpet 
wool),  
 
 
 

 Chokla 
(Carpet wool), 
Magra 
(Carpet wool), 
Nali (Carpet 
wool), Pugal 
(Meat, Carpet 
wool), 
Marwar 
(Meat, Carpet 
wool)), 
Malpura 
(Meat, Carpet 
wool), Sonadi, 
(Meat, Carpet 
wool), 
Jaisalmeri, 
(Meat, Carpet 
wool), Kheri, 
(Meat, Carpet 
wool), 
Patanwadi 
(Meat, Carpet 
wool),, 
Munjal, 
(Meat, Carpet 
wool), 
Muzaffarnagri
, (Meat, 
Carpet wool), 
Jalauni (Meat, 
Carpet wool), 
Hissardale 
(Meat, Carpet 
wool), 
 

Deccani 
(Meat) , 
Bellary 
(Meat, 
carpet wool), 
Nellore 
(Meat), 
Chennai Red 
(Meat), 
Mandya 
(Meat), 
Tiruchy Black 
(Meat), 
Mecheri 
(Meat), 
Ramnad 
White 
(Meat), 
Nilgiri 
(Apparel 
wool), 
Coimbatore 
(Meat, 
Carpet 
wool), 
Kilakarsal 
(Meat), 
Kenguri 
(Meat), 
Hassan 
(Meat) and 
Vembur 
(Meat) 

Shahabadi 
(Meat), 
Chottanagpur
i (Meat, 
Carpet wool) 
Garole 
(Meat) 
Ganjam 
(Meat, Carpet 
wool), 
Balangir 
(Meat , 
Carpet wool) 
Bonpala 
(Meat, Carpet 
wool), 
Tibetan 
sheep (Carpet 
wool) 

Moreover, there is no clear demarcation of the 
habitat of the breeds as most of the breeds have spread 
to contiguous areas by various means, which encompass 
migration, market dictation and economic compulsion, 
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besides natural existence beyond the political 
boundaries. Thus, the breed boundary is obliterated. 
Similarly, the population size does not reflect the true 
picture as there is existence of non-descript animals in 
very large numbers in the habitat of most of the breeds 
due to genetic admixture. It is observed that there is 
regular migration of the goats of western Rajasthan to 
the adjoining states during feed and fodder scarcity. In 
the process, they mix with the local goats resulting in 
indiscriminate crossing and loss of identity of the 
recognized breeds. There is no Breed Registration 
Society in India so far to ensure breed purity in goats 
and to provide identity to the enlisted animals.   
 

Threatened Goat and Sheep Breeds & its Conservation 

 Goat and sheep breeds in India can be 
generally placed under two categories i.e. endangered 
and vulnerable, although some of its wild predecessors 
that once existed in mountain ranges are already 
extinct. A breed is considered as endangered, when the 
effective population size is too small to prevent genetic 
loss through inbreeding leading to infertility and lack of 
survivability resulting in ultimate loss of the population 
(Bodo, 1989). The endangered status of a breed can be 
determined by the size of breeding stock, which can be 
expressed by the number of breeding females, the 
number of breeding males, sex ratio, the percentage of 
females bred to males of the same breed, the trend in 
population size and effective population size under a 
particular production system. According to Food and 
Agricultural Organization, a breed with a population size 
of 5000 breeding females or less can be declared as 
endangered (FAO, 1995). On the other hand, a breed is 
vulnerable, when the population is rapidly declining 
numerically or its security is under threat (Maijala et al., 
1984, Quartermain, 1992). Under Indian conditions it 
has been suggested that sheep breeds with over 50,000 
population with no serious declining trend, can be 
considered a normal population. Population of 30,000-
50,000 animals with constant declining trend under 
insecure category, while population of 15,000-30,000 
can be put under vulnerable and 8000- 15,000 under 
endangered category. Less than 8,000 population can be 
considered as critical and needs immediate conservation 
(Nivsarkar, 1994). This information may be taken as 
guideline in determining the status of breeds/strains 
with respect to threat for extinction (Acharya, 1999). 
However, the need for conservation depends upon 
several factors e.g. (i) the actual number of animals, (ii) 
the rate of decline in the population size, (iii) the 
closeness of relationship between individuals within the 
population, (iv) the sex ratio, (v) the geographical range 
and the rate of reduction of that range, (vi) special 
threats from introduced species, (vii) rapid changes in 
the environmental conditions including climate, (viii) 
predators, (ix) parasites etc.. As per the census report of 
the Department of Animal Husbandry, Dairying and 
Fisheries, Ministry of Agriculture, Government of India 
(2012), the current population of registered goat and 
sheep breeds of India is depicted in Table 3 & 4, 
respectively.  

The recognized breeds of Indian goat and 
sheep population are facing a greater threat of 
becoming endangered due to various reasons like lack of 
proper breeding policy, inadequate number of breeding 
bucks, indiscriminate breeding and intermixing amongst 
breeds with local animals etc. The other factors like 
dispersed home tract of goat and sheep  in two or more 
district/states, non-availability of breed-wise figures in 
the Indian Livestock Census reports, migration of flocks, 
higher slaughter rate of fast growing animals and the 
increase of ratio of non-descript to descript animals in 
different parts of home tract of recognized breeds 
makes it difficult to assess the exact population size of 
particular breed to plan for their improvement in 
population size or to declare as endangered one. A 
sound conservation programme of goat/sheep breeds 
which are adapted to high altitude, harsh environment 
and marginal agricultural regions has been perpetually 
neglected.    

It is apparent from current population size, 
loss of habitat and introduction of other breeds in the 
area, the threatened goat breeds are Jamunapari, 
Beetal, Jakhrana and Surti in North Western Region, 
Sangamneri, Osmanabadi, Malabari and Attappady Black 
in Southern Region, Ganjam in Eastern Region and 
Chegu and Changthangi in the Temperate Himalayan 
Region. The population of several breeds is more or less 
vulnerable except for Marwari and Black Bengal, who 
are at present in a rather comfortable position with 
respect to breed population, at large breeding tracts.  
Roy et al. (1982) reported that the purebred Jamunapari 
population has declined seriously and it is less than 
8,500 in its habitat due to various reasons like shrinkage 
of grazing land, inadequate veterinary help, frequent 
selling of goats and labourer problems etc. Beetal goat is 
drawing attention for conservation as the number is 
declining due to changing agricultural patterns in 
Punjab. Barbari is facing dilution in breed characteristics 
due to crossbreeding with Sirohi and Jamunapari breeds 
in its home tract. Due to decrease in natural browse in 
their habitat, Surti and Jakhrana are decreasing in 
number. The Changthangi breed of the Ladakh region is 
the subject for special concern as they are declining 
both in number and in performance. More weightage on 
improvement of some breeds and extensive use of these 
breeds such as Beetal, Barbari and Jamunapari could 
result in the elimination of other distinctive breeds by 
crossbreeding. Means for the conservation, 
multiplication and improvement of these breeds in the 
pattern of Open Nucleus Breeding Scheme (ONBS) was 
suggested (Acharya et al., 1982). Moreover, Devendra 
and Burns (1983) have also drawn attention for the 
conservation programme for specific goat populations in 
developing countries. 

The different important sheep breeds that are 
getting threatened for extinction form different agro-
climatic regions of India are Bhakarwal, Gurej, Karnah, 
Poonchi, Changthangi, Rampur Bushair, Tibetan sheep 
and Bonpala, Muzaffarnagari, Malpura, Chokla, Magra, 
Pugal, Jaisalmeri, Mandya, Nilgiri and Kilakarsal and 
these breeds need immediate attention for conservation 
(Khan, 2001). Press Information Bureau, Government of 
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India (http://pib.nic.in/focus/fojan99/ fo200199.html) 
has also documented several other breeds of sheep viz; 
Marwari, Patanwadi, Gaddi, Nellore, Madras Red, 
Hissardale in their list of threatened breeds of animals in 
India. 
 

Table 3. The habitat and population size of different 
goat breeds of India (Source: Official website 
http://dahd.nic.in/Default1.aspx) 

BREED BROAD HABITAT POPULATION 

(in million) 

DUAL PURPOSE BREEDS (MILK & MEAT) 

Barbari Agra, Mathura, Etah 
and Aligarh districts in 
U.P. 

  2.19 

Beetal Gurdaspur, Amritsar 
and Firozpur districts 
in Punjab. 

0.38 

Gohilwadi Bhavnagar, Amreli 
and Junagarh districts 
in Gujarat.  

0.17 

Jakhrana Jakhrana village in 
Alwar district of 
Rajasthan. 

    0.99 

Jamunapari Chakarnagar Block in 
Etawah district of U.P. 

    1.60 

Kutchi Kutch district in 
Gujarat. 

    0.38 

Malabari Kozhikode, Kannur 
and Malappuram 
district in Kerala. 

   0.57 

Marwari Western Rajasthan.   5.35 
Mehsana Mehsana and 

Banaskantha districts 
in Gujarat. 

    0.52 

Sirohi Sirohi and Ajmer 
districts in Rajasthan. 

    1.82 

Surti Surat and Vadodara 
districts in Gujarat. 

    0.27 

Zalawadi Surendranagar and 
Rajkot districts in 
Gujarat. 

    0.39 

MEAT BREEDS 

Black Bengal West Bengal, 
Jharkhand, Orissa, 
Bihar and Assam. 

 17.41 

Gaddi Chamba, Kangra, Kulu, 
Bilaspur, Kinnanaur 
and Lahul-Spiti 
districts in Himachal 
Pradesh. 

    0.36 

Ganjam Ganjam district in 
Orissa. 

    0.32 

Kannai Adu Ramanathpuram and 
Tirunelveli districts in 
T.N. 

    0.70 

Osmanabadi Osmanabad district in 
Maharashtra. 

    2.48 

Sangamneri Ahmednagar district 
in Maharashtra. 

    0.16 

Konkan Kokan region of 0.03 

Kanyal Maharashtra 
Berari Vidarbh region of 

Maharashtra 
    0.12 

Attappady 
Black 

Palakkad district of 
Kerala 

0.007 

PASHMINA BREEDS 

Changthangi Ladakh district in 
Jammu & Kashmir. 

    0.20 

Chegu Uttarkashi, Chamoli 
and Pithoragarh 
districts in 
Uttaranchal. 

    0.04 

 

 

Table 4. The habitat and population size of different 
sheep breeds of India (Source: Official website 
http://dahd.nic.in/Default1.aspx) 

BREED BROAD HABITAT POPULATION 

(in million) 

DUAL PURPOSE BREEDS ( MEAT & CARPET WOOL) 

Bellary Bellary, Davangere, 
Haveri and 
Chitradurga districts 
of Karnataka 

  1.67 

Belangir Balangir, Sambalpur 
and Sundargarh 
districts of Orissa 

0.24 

Bonpala Southern part of 
Sikkim 

0.23 

Chottanagpuri Chottanagpur, 
Ranchi, Palamau, 
Hazaribagh, 
Singhbhum & 
Dhanbad 
districts of 
Jharkhand 

0.52 

Coimbatore Coimbatore & 
Dindigul districts of 
Tamil Nadu 

0.03 

Ganjam Koraput,Phulbani 
and part of Puri 
districts of Orissa 

0.09 

Pugal Bikaner & Jaisalmer 
districts of Rajasthan 

0.10 

Marwari Jodhpur, Jalor, 
Nagaur, Pali and 
Barmer, Ajmer and 
Udaipur districts of 
Rajasthan and Jeoria 
region of Gujarat 

3.07 

Malpura Jaipur, Tonk, Ajmer, 
Bhilwara, Bundi & 
SawaiMadhopur 
districts of Rajasthan 

0.24 

Sonadi Udaipur, Dungarpur 
& Chittorgarh 
districts of Rajasthan 

0.16 

Jaisalmeri Jaisalmer, Barmer & 
Jodhpur districts of 
Rajasthan 

1.02 

Kheri* Merta, Nagaur, - 
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Jodhpur, 
SawaiMadhopur, 
Tonk districts of 
Rajasthan 

Patwandi Saurashtra, Kutch, 
Patan, Kadi, Kalol, 
Sidhpur and 
Mehsana districts of 
Gujarat 

0.47 

Munjal* Hissar , Ambala and 
Karnal districts of 
Haryana, Patiala and 
Bhatinda districts of 
Punjab 

0.09** 

Muzaffarnagari Muzzaffarnagar, 
Bulandshahar, 
Saharanpur, Meerut 
& Bijnor districts of 
U.P. and Dehradun 
district of 
Uttaranchal. 

0.10 

Jalauni Jalaun, Jhansi & 
Lalitput districts of 
U.P. 

0.09 

Hissardale Hissar  
MEAT BREEDS 

Deccani Semi arid areas of 
Maharashtra, 
Andhra Pradesh and 
Karnataka 

3.72  

Nellore Nellore, Prakashan, 
Ongole districts of 
A.P 

6.94  

Madras Red Chingalpet & Madras 
districts of Tamil 
Nadu 

0.31  

Mandya Mandya and 
bordering Mysore 
districts of 
Karnataka. 

0.24 

Tiruchy Black Tiruchy, Perambalur, 
Tiruvannamalai, 
Salem & Dharampuri 
districts of Tamil 
Nadu 

0.05 

Mecheri Salem, Erode & 
Namakkal districts of 
Tamil Nadu 

1.21 

Ramnad White Ramnathpuram & 
Virdunagar districts 
of Tamil Nadu 

0.71 

Kilakarsal Virudunagar & 
Ramnathpuram 
districts of Tamil 
Nadu 

0.04 

Kenguri Raichur district of 
Karnataka 

0.24 

Hassan Hassan district of 
Karnataka 

0.70 

Vembur Tuticorin & 
Virudunagar districts 

0.03 

of Tamil Nadu 
Shahabadi Shahabad, Patna & 

Gaya districts of 
Bihar 

0.07 

Garole Sundarban region of 
West Bengal 

0.16 

WOOL BREEDS 
Rampur 
Bushair 

Kinnaur, Nahan, 
Bilaspur & Lahaul 
Spiti districts of H.P. 

0.02 

Gaddi Kulu, Kangra & 
Chamba districts of 
H.P. 

0.30 

Gurej Gurez tehsil in 
northern Kashmir 

0.02 

Karnah Karnah in north 
Kashmir 

0.003 

Bhakarwal Jammu & Kashmir, 
migratory flock 

0.08 

Poonchi Poonch & Rajori 
districts of J&K 

0.003 

Changthangi Changthang region 
of Ladakh 

0.06 

Chokla Nagaur, Sikar, Churu 
and Jhunjhunu 
districts of Rajasthan 

0.26 

Magra Bikaner, Nagaur, 
Jaisalmer and Churu 
districts of Rajasthan 

0.51 

Nali Ganganagar, Churu 
And Jhunjhunu 
district of Rajasthan 

- 

Tibetan sheep Sikkim and Kameng 
districts of Arunachal 
Pradesh 

- 

Kashmir 
Merino 

Kashmir valley 0.04 

Nilgiri Nilgiri hills of Tamil 
Nadu 

- 

* Breeds not included in the list recognized at the 
National level. ** reported by Kushwaha et al. (1999b) 
Conservation measures 

Generally, two approaches i.e. in-situ and ex-

situ methods of conservation may be adopted for the 
goat and sheep breeds in India. The in-situ conservation 
involves the maintenance of live populations of animals 
in their adaptive environment, and animal populations 
continue to evolve and develop for more sustainable 
use. The active in situ conservation is equivalent to 
breed development by conducting well designed animal 
breeding programmes, while the passive in situ 

conservation is concerned with the maintenance of live 
animal populations of breeds at risk of loss within their 
agro-environment. On the other hand, the 
ex-situ conservation involves conservation of genetic 
material out of the environment in which it developed 
(FAO, 2000). Generally, embryos are considered the best 
material for ex situ conservation because they store all 
genetic material in a single entity, which can give rise to 
new progeny. Sperm and embryos of goats and sheep 
like other farm animal species can be frozen and 
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subsequently used to produce a normal offspring. 
Moreover, cryogenic storage of DNA of different goat 
and sheep breeds may be done as an alternative 
approach for conservation of goat and sheep genetic 
resources in India.   

A few new methods of conservation now 
emerging include establishment of embryonic stem cell 
lines and conservation of somatic cells. When fully 
developed these techniques will offer an alternative 
approach to the preservation of genetic variation of 
endangered breeds in developing countries. The other 
important aspects of conservation of goat and sheep 
genetic resources involve establishment/strengthening 
of National Animal Data Bank, National Gene Bank, 
National Animal Conservation Board, Regional Gene cum 
Data Bank and Global Data Bank. 
Phenotypic characterization 

The phenotypic characterization with respect 
to physical appearance, body growth and body 
measurements of most of the goat breeds viz. 
Jamunapari, Barbari, Jakhrana, Marwari, Sirohi, 
Zalawadi, Gohilwadi, Beetal etc. was carried out by the 
Central Institute for Research on Goats (CIRG), 
Makhdoom, Mathura under the All India Coordinated 
Research Project (AICRP) on Goats and also by the 
National Bureau of Animal Genetic Resources (NBAGR), 
Karnal, Haryana, India. The detailed physical 
characterization of different goat breeds of India has 
been described by Roy et al. (2009). 

Phenotypic characterization for sheep genetic 
resources was started at the Central Sheep and Wool 
Research Institute (CSWRI), Avikanagar, Rajasthan 
through All India Coordinated Research Project (AICRP) 
on sheep breeding for some breeds of sheep like Chokla, 
Malpura sheep breeds. Similarly, at NBAGR, Karnal, 
twenty eight breeds of sheep covered for phenotypic 
characterization which include Bandur, Bellari, 
Bhakarwal, Bonpala, Changthangi,Chokla, Coimbatore, 
Chottanagpuri, Deccani, Gaddi,Garole, Gurej, Jalauni, 
Jaisalmeri, Hassan, Karnah, Kenguri,Kheri, Magra, 
Mandya, Malpura, Marwari, Mecheri,Muzzafarnagri, 
Nali, Pugal, Rampur-Bushair and Sonadi.sheep breeds. 
Molecular characterization 

Molecular characterization of 10 Indian goat 
breeds viz. Jamunapari, Barbari, Marwari, Sirohi, 
Jakhrana, Black Bengal, Pashmina, Osmanabadi, Kutchi 
and local goats have been completed at CIRG, 
Makhdoom, Mathura (Rout et al., 2008).  Beside this, 
National Bureau of Animal Genetic Resources (NBAGR), 
Karnal, Haryana also started molecular characterization 
work on different Indian goat breeds using microsatellite 
markers (Mishra et al., 2012, 2013). Molecular 
characterization of different sheep breeds was carried 
out at the Central Sheep and Wool Research Institute 
(CSWRI), Avikanagar, Rajasthan and the DNA repository 
bank has been created for Ganjam, Kendrapara, 
Deccani, Nellore, Nali, Magra, Chokla, Garole, 
Patanwadi, Marwari, Madgyal, Kheri, Malpura, 
Muzaffarnagri, Jaisalmeri, Sonadi, Garole x Malpura, 
GMM, MGM, GMM × Patanwadi, Patanwadi × GMM, 
Bharat Merino, Avikalin and Mandya breeds/strains.  
Further, molecular characterization of nineteen sheep 

breeds viz., Bandur,Bellary, Bhakarwal, Chokla, Gaddi, 
Garole, Gurej, Hassan, Jaisalmeri, Kenguri, Karnah, Kheri, 
Magra, Malpura, Marwari, Muzzafarnagri, Nali, Pugal 
and Sonadi was done by NBAGR, Karnal (Sodhi et al., 
2003; Arora and Bhatia, 2004) . 
Ex-situ conservation  

The work on ex-situ conservation of goat 
genetic resources was started at CIRG, Makhdoom, 
Mathura, India. The breeds covered in this programme 
were mainly Jamunapari, Barbari and Jakhrana goats.  
Cryogenic storage of DNA of different goat breeds is also 
initiated by CIRG, Makhdoom, Mathura and NBAGR, 
Karnal, Haryana.  Similarly, ex-situ conservation for 
sheep genetic resources was started by Central Sheep 
and Wool Research Institute (CSWRI), Avikanagar, 
Rajasthan through All India Coordinated Research 
Project (AICRP) on sheep breeding before 1990 which 
was later converted into Network Project on Sheep 
Improvement (NWPSI). The breeding policy for NWPSI is 
selective breeding in indigenous breeds to improve the 
wool and mutton production. There are four farm based 
cooperating units for Marwari, Muzaffarnagari, Deccani 
and Nellore sheep and two field based cooperating units 
for Madras Red and Magra sheep in addition to project 
coordination cell situated at CSWRI, Avikanagar. 
Moreover, National Bureau of Animal Genetic Resources 
(NBAGR), Karnal has taken up the Network Project on 
Animal Genetic resources for genetic characterization 
and conservation of indigenous livestock breeds 
including goat and sheep breeds. Preliminary work on 
conservation of animal genetic resources has been taken 
under the Network Project on Pugal sheep breed by 
NBAGR, Karnal.   
In-situ conservation  

The in-situ conservation of goats has been 
started by the Central Institute for Research on Goats, 
Mathura, Uttar Pradesh, India and has brought the 
success to CIRG in terms of farmers’ participation and 
breed improvement at farmers’ level. For this purpose, 
flocks of Jamunapari, Barbari and Jakhrana goats are 
being maintained at the CIRG under scientific 
management system for producing and supplying 
superior bucks for breed improvement programme at 
farmers’ flocks. Besides, breed improvement and 
conservation programmes of different goat breeds 
under field condition were launched under the All India 
Coordinated Research Project (AICRP) on Goats by 
establishing several field units of different goat breeds 
of India (Swarup and Singh, 2011). 

Under this in-situ conservation programme, 
the most important Indian dairy goat breed, Jamunapari 
goats, received special attention. The breed 
improvement and conservation programme on 
Jamunapari goats in its home tract started functioning in 
1993 in two villages of Chakarnagar block of Etawah 
district of Uttar Pradesh due to rapidly deteriorating 
state of Jamunapari goats in their home tract. The 
project was started with active support of farmers to 
restore the pride of the Jamunapari breed in its home 
tract. The effective population size has also increased at 
farmers’ level from the base year and all these factors 
indicate that the conservation strategy is in desired 
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direction and needs careful attention in future (Singh et 

al., 2003, Rout et al., 2004). Similarly, the other field 
based units developed under AICRP on Goat 
Improvement programme were Rajasthan Agricultural 
University, Bikaner, Rajasthan; West Bengal University of 
Animal & Fishery Sciences, Kolkata, West Bengal; Orissa 
University of Agriculture & Technology, Bhubaneswar; 
Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra; 
Gujarat Agricultural University, Navsari, Gujrat; Livestock 
Research Station, Vallabhnagar, Udaipur, Rajasthan; 
Assam Agricultural University, Guhawati, Assam; Birsa 
Agricultural University, Ranchi, Jharkhand; Himachal 
Pradesh Krishi Viswavidyalaya, Palampur, Himachal 
Pradesh; Nimbkar Agricultural Research Institute, 
Phaltan, Maharastra and Kerala Agricultural University, 
Mannuthy, Thrissur, Kerala for Marwari, Black Bengal, 
Ganjam, Sangamneri, Surti, Sirohi, Assam Hill, Black 
Bengal, Gaddi, Osmanabadi and Malabari goats, 
respectively (Swarup and Singh, 2011).  Further, a 
programme for the conservation of the Beetal goat 
breed in Punjab was jointly implemented from 2005 to 
2008 by the National Bureau of Animal Genetic 
Resources (NBAGR) with the Krishi Vigyan Kendra (KVK).  

The Network Project on Sheep Improvement is 
running by CSWRI, Avikanagar for Madras Red sheep 
and Magra sheep for in-situ conservation of these 
breeds and to improve the mutton and wool yield 
respectively at farmers’ level. The in-situ conservation 
programme on Magra, Kilakarsal and Nilgiri sheep is 
under progress at NBAGR, Karnal. These units are 
engaged in registration of elite females in the breeding 
tract in the first phase of technical program of Network 
Project. 

Besides, the Department of Animal Husbandry, 
Dairying and Fisheries, Ministry of Agriculture, GOI, had 
launched a programme for the conservation of 
threatened breeds of small ruminants (and rabbits, pigs, 
pack animals and equines), for which an outlay of Rs.150 
million was provided during the Tenth Plan (2002–07). 
Its objective was to preserve the breeds of small 
ruminants, etc., which are on the verge of extinction by 
providing proper infrastructure and germ-plasm in 
association with State Governments and their 
undertakings, NGOs, professional bodies and institutes, 
private limited companies, etc. The Department 
intended to establish 18 units of small ruminants during 
the 10thPlan. However, funds were provided for the 
conservation of six goat breeds. The goat breeds were 
Terresa goat in the Andaman and Nicobar Islands, 
Malabari goat in Kerala, Sangamneri goat in 
Maharashtra, Black Bengal goat in Tripura and West 
Bengal, Jamunapari goat in Uttar Pradesh and the Long 
Haired goat in Nagaland. Of these, the Terresa and the 
Long Haired goat breeds are not registered. The sheep 
breeds were Bandur in Karnataka, Madgyal in 
Maharashtra (not a registered breed) and Bonpala and 
Garole in West Bengal. In the 11th Five Year Plan, Rs. 450 
million was allotted for this programme. It was intended 
to support breeds with a declining population and an 
existing population of around 10,000 animals or less. 
Nucleus breeding units were to be supported along with 
strengthening of policy and institutional framework and 

linkages with research agencies. There was also a 
provision for funding to the Government of Gujarat for a 
nucleus breeding unit of the Surti goat. However, no 
documented result is available on the impact of this 
project (SA PPLPP, 2012). 
Conclusion 

The conservation of goat and sheep genetic 
resources in India helps to maintain the 
uniqueness/traditional characteristics of indigenous 
goat and sheep breeds and biodiversity of these species. 
Among the various conservation approaches, the in-situ 

conservation is the most effective method of 
conservation of goat and sheep genetic resources, 
provided it is economically viable for livestock keepers. 
Moreover, frozen semen and/or embryos of endangered 
or ‘at-risk’ breeds should also be stored as ex-situ 
conservation approach. Since reliable information on 
the actual numbers of different goat and sheep breeds 
in the country is not available, it is extremely difficult to 
identify breeds that are at the greatest risk of extinction. 
Mapping of well recognised/registered goat and sheep 
breeds and their present numbers must be undertaken 
urgently to identify the breeds that face the greatest risk 
of extinction. Further, molecular genetic 
characterization of different got and sheep breeds can 
also be helpful to characterize the relationships among 
the breeds and improvement programmes. The future 
of the small ruminants (goat and sheep) in India lies in 
the appropriate approaches to conservation combining 
a number of integrally related components and effective 
action programmes approached holistically for 
successful conservation of goat and sheep genetic 
resources at the national level. 
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Multiple ovulation and embryo transfer 

(MOET) is a method of assisted reproduction based on 
producing multiple embryos in a female donor 
(genetically superior mother) that are then transferred 
to various female recipients (surrogating/ gestating 
mothers) (Anonymous 2011). The MOET is an effective 
means of increasing the contribution of superior females 
to breeding programs (Chang et al. 2006), thus securing 
the genetic contribution of both male and female, and 
improving livestock production at faster rate (Mapletoft 
2013, Hasler 2014).  The natural reproductive potential 
of each species and breed is a l i m i t i n g  factor for the 
diffusion of genetic improvements (Anonymous 2011). 
Under traditional sheep and goat breeding conditions, 
the number of offspring from a female per year is one / 
two mostly or multiple in few breeds and thus producing 
six to eight or hardly few more offspring throughout the 
female reproductive lifetime. Hormonal stimulation of 
the ovaries induces m u l t i p l e  ovulations 
(superovulation) under MOET program which could 
increase the reproductive potential of high genetic value 
females by taking advantage of the great oocyte reserve 
in the ovary (Anonymous 2011) and could play an 
important role in the conservation of animal genetic 
resources via production of in vivo embryos (Agaoglu et 

al. 2014).  
Genesis of MOET Concept 

The transfer of mammalian embryos was first 
achieved by Walter Heape in 1890. Subsequently, 
progress in embryo transfer has been reported in 
various domestic species (Hasler 2003, Drost 2007, 
Hasler 1998). The birth of the first calf through embryo 
transfer was achieved by Betteridge (Betteridge 2006). 
Although superovulation in buffalo started three and 
half decades ago (Drost et al. 1976), the first live calves 
from bubaline embryos were born in 1983 in the USA 
and later in India (Purohit et al. 2003). Govt. of India 
initiated (1987) a National Service & Technology Project 
(NSTP) on MOET/ ETT to be operated through the Dept. 
of Biotechnology (DBT) with NDDB as the lead 
implementing agency at Sabarmati Ashram Gaushala, 
Bidaj as the main ET laboratory. NSTP had 4 
collaborating centres at (i) IVRI, Izatnagar, (ii) NDRI, 
Karnal, (iii) NII, New Delhi and (iv) Central Frozen Semen 
Production & Training Institute, Hessarghata. Studies on 
superovulation among buffaloes have been carried out 
both in the river and swamp buffaloes in various 
countries including India (Drost et al. 1976, Nandi et al. 
2002). Several protocols for superovulation of cattle and 
buffaloes, i.e. the concept of multiple ovulation and 
embryo transfer (MOET) were established in 1987 
(Smith 2001). The first embryo transfers in sheep and 
goats were carried out 83 years ago (Warwick et al. 

1934). After 1960s, they were continued in Australia 
(Moore and Rowson 1960) and in New Zealand (Tervit 
and Havick 1976), which helped to clarify the conditions 
and possibilities of this biotechnology. Over the last 27 
years, embryo transfer has been used in Australia and 
New Zealand to incorporate Angora goat genetic 
material with little health risk. International trade in 
frozen sheep and goat embryos has led to the world-
wide diffusion of germplasm, with very low health risks. 
As a consequence, there have been rapid genetic 
improvements in different breeds and the establishment 
of alternate meat, milk, wool and hair production (e.g.  
mohair or cashmere) choices (Anonymous 2011).  
Principles and General Considerations of MOET 

Female donors must be selected based on 
their genetic value and good reproductive conditions, 
health and nutritional aspects are to be taken i n t o  
account for both donors and recipients. They should 
experience one pregnancy before undergoing MOET 
program and must have been at least two post-birth 
months as well as adaptation of one to two months 
before hormonal treatment begins. Never given birth 
such a female if used as donor must have the minimum 
weight as 75% of the adult weight of the same breed, 
and must have already experienced estrus. The 
recipients should be adult as they can undergo gestation 
without compromising their own growth and also 
contribute to the development of offspring through 
lactation. On certain occasions, especially in goats, 
recipients with cystic fo l l i c les or regressed corpora 
lutea are found. These females must not be used as 
recipients (Anonymous 2011). 
Brief Technical Approaches 

Estrus Synchronization  

Synchronization of estrus in recipients by 
means of progesterone or its synthetic analogs 
treatment is performed at the same time as in donors 
so as to ensure that both recipients and donors reach 
the same day of the estrous cycle at the time of embryo 
recovery and transfer. Synthetic progesterone analogs, 
FGA (fluorogestone acetate) and MAP 
(medroxyprogesterone acetate), are usually used in 
pessaries (intravaginal sponges) for estrus 
synchronization and treatment is carried out for 11 
days. In Australia and New Zealand, use of 
progesterone administered vaginally using controlled 
internal drug release (CIDR) devices is very common. In 
ovine and caprine species, pregnant mare serum 
gonadotropin (PMSG) or equine chorionic gonadotropin 
(eCG) administration at sponge/CIDR removal is 
recommended to synchronize estrus and its dose varies 
according to breed and reproductive physiologic condi-
tion (indicative values: 200 to 400 I U )  (Anonymous 
2011).  Estruses are usually detected by bucks / rams 
which might have fitted with aprons (Agaoglu et al. 
2014). 

Super-Ovulatory Treatments 

The superovulatory treatment is performed at 
5 days after the onset of estrus. Starting on the morning 
of day 9 of progesterone or its synthetic analogs 
treatment (48 h prior to its  removal) and for 3 
consecutive days, intramuscular pFSH (Folltropin, 10 mL, 
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200 mg NIH-FSH-P1) is administered in each doe / ewe 
in six decreasing doses every 12 hours as follows: 50, 50, 
30, 30, 20 and 20 mg of FSH  for induction of 
superovulation. At the time of first pFSH injection in all 
groups, a dose of prostaglandin F2 alpha (50 µg 
cloprostenol) is also administrated intramuscularly to 
induce luteolysis. The bucks/ rams are used to detect 
estrus in all does/ ewes starting from 24 h after 
progesterone removal (Agaoglu et al. 2014).  

To obtain a better ovulatory response, it is 
advisable to increase the administration of LH towards 
the end of the progesterone treatment (Cognie et al. 

1986, Baril et al. 1989). The recommended ratio of FSH:LH is 
3:1 (first to third application), 1:1 (fourth application) and 
1:2 (fifth application) and FSH of porcine or ovine is 
more efficient (Alberio et al. 1993), although using 
porcine FSH is less effective than ovine or caprine FSH 
(Baril et al. 1992). In goats, repeated porcine FSH 
treatments cause anti-FSH antibodies (Remy et al. 1991) 
and a decrease in ovulatory response (40 to 50% in the 
third treatment, up to 70-80% in the fourth or fifth 
treatment) (Anonymous 2011). 
Factors affecting hormonal response to multiple 

ovulation 

Individual variability in hormonal response to 
multiple ovulation is conditioned by extrinsic factors 
(breed, breeding season, nutrition) as well as intrinsic 
ones (folliculogenesis) (Anonymous 2011). The most 
prolific breeds show a greater response to 
m u l t i p l e ovulation, y i e l d i n g  more transferable 
embryos and also offspring (Tervit 1986, Ritar et al. 1988, 
Baril et al. 1989). Breeding season also affects the mean 
number of ovulations per female in sheep, being higher 
during the reproductive period than during the an-
estrous period (Torres et al. 1984). Nutrition affects not 
only the ovulatory response but also may promote 
premature luteolysis, both in and out of the sexual 
season (Baril et al. 1989, Jabbour et al. 1991). Therefore, 
embryo recovery is low (Armstrong et al. 1982, Tervit 
1986). Ovulatory response to hormonal treatment is 
positively correlated to the number of small fo l l i c les  (2 
to 3 mm diameter) when applying the first FSH dose, to 
the number of medium follicles (4-5 mm) at the end of 
progesterone treatment and to the number of large 
follicles (>6 mm) at the onset of estrous (Goezalez-Bulnes 
et al. 2000). It has been suggested that gonadotropic 
blocking by prolonged treatment with a GnRH 
antagonist (10-14 days) prior to FSH application, can 
increase the number of ovulations and concentrate 
them, and also reduce variability among animals and 
double the number of offspring per donor (7 lambs per 
donor ewe), with high repeatability (Cognie 1999, Cognie 
et al. 2003). Moreover, there are several factors that are 
not fully-understood that control folliculogenesis, 
fo l l i c le  growth, oocyte maturation, ovulation and 
fertilization.  
Donor Fertilization 

Fertilization of female donors can be 
accomplished by natural service in the Corral, or by 
artificial insemination, using fresh or frozen semen. All 
does/ ewes in estrus are naturally mated twice a day 
over 3 days (Agaoglu et al. 2014). In the caprine species, 

laparoscopic AI with fresh semen between 20 to 24 h 
after the onset of estrus is recommended (Valet and 
Baril 1990). If frozen semen is used, AI is performed 46 h 
after sponge removal (Fieni et al. 1990). The 
corresponding insemination doses for fresh semen in 
laparoscopic and cervical AI are 80 and 800 million 
spermatozoa in sheep and 100 and 400 to 600 million 
spermatozoa in goats (Baril et al. 1989, Vallet and Baril 
1990, Brebion et al. 1992). In the case of frozen semen for 
laparoscopic AI, seminal dose in sheep (Wolff et al. 

1994) and goats (Vallet and Baril 1990) is 100 million 
spermatozoa. Fertilization rate is very dependent on 
ovulatory response to stimulation and cannot be 
increased by more inseminations or by increasing sperm 
concentration in the seminal dose (Vallet et al. 1991, 
Brebion et al. 1992). In goats, fertilization rates of 32% 
(cervical AI) and 65% (laparoscopic AI) using fresh semen 
were obtained (Moore and Eppleston 1979), while 
frozen semen using laparoscopy yielded 70-75% fertility 
(Fieni et al. 1990).  
Embryos Recovery 

Ovarian examination and embryo recovery are 
performed by laparotomy on day 6-7 after the first 
mating/ AI in sheep and goats. All does/ ewes are fasted 
for 24 h before surgery and sedated with subcutaneous 
atropine @ 0.1–1 mg/kg body weight along with 
intravenous diazepam @ 0.5 mg/kg b.wt., and 
anesthetized with intravenous ketamine HCl @ 2 mg/kg 
b.wt. (Agaoglu et al. 2014). The ventral abdominal area, 
to the anterior of the udder, is shaved and cleaned. A 
midlateral incision is performed after local anesthesia by 
infiltration of 2%  lidocaine HCl in the incision  area. The 
number of corpora lutea (CL) is recorded.  Each uterine 
horn is flushed with a flushing medium (20 mL of mD-
PBS + 3 mg/mL bovine serum albumin) using a catheter 
(1.3 × 130 mm) inserted near the utero-tubal junction. 
The embryos are recovered into a 90-mm  petri dish 
using a 2-way Foley catheter inserted in the base of the 
uterine horns. To avoid intra-abdominal adhesions, 1 L 
of 2.5% heparin solution is used during flushing (Agaoglu 
et al. 2014).  
Identification and Assessment of Embryos 

Embryo identification and assessment is 
carried out under a magnification of 10x to 40x and on a 
thermal plate at 38ºC. As they are identified, the 
integrity of zona p e l l u c i d a  and its sphericity along 
with vital morphological characteristics of embryos are 
observed. Embryos are classified as unfertilized ova, 
degenerate blastocysts, and transferable/freezable 
embryos (compact morulae, early blastocysts, 
blastocysts, expanded blastocysts ) according to the 
criteria recommended by  the International Embryo 
Transfer Society (IETS) (Agaoglu et al. 2014). After 
identification and assessment, embryos are aspirated 
with a micropipette and placed in a small petri dish 
containing a preserving medium enriched with 20% 
serum, protected from light exposure and at laboratory 
temperature (Anonymous 2011).  
Embryo Transfer 

Embryo transfer is usually performed by two 
alternate procedures: either surgical, or non-surgical by 
laparoscopy (Gonzalez et al. 1991). In both cases, a 
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puncture is performed on the dorsal s ide  of the uterine 
horn and in its upper third portion, and embryos are 
located in the uterine lumen by means of a micropipette 
(conditioned in 10 µl PBS medium) (Anonymous 2011). 
Fresh embryos are transferred immediately after 
collection and for frozen embryos, the time lapse 
between thawing and transfer is reduced to 20 to 30 
minutes.  
Tolerance in estrus synchronization times between 
donor and recipient females is ±1 day. When donor-
recipient estrus synchronization is optimal, embryo 
efficiency is increased (Rowson and Moor 1966). 
Recipients are selected ensuring one or two corpora 
lutea corresponding to day 6 or 7 of the synchronized 
estrus cycle because of embryo survivability 
corresponds to the number of corpora lutea of the 
recipients (Armstrong et al. 1983). Cervical embryo 
transfer is rarely used owing to difficulties in transposing 
the cervix (Lewalski et al. 1991, Flores-Foxworth et al. 
1992).  
Cryopreservation of Embryos 

Embryos in cryoprotectant media preserved in 
l i q u i d  nitrogen could have viability for long periods and 
thus freezing permits the distribution of high-value 
genetic material on a local or international scale. 
Freezing is performed with embryos of excellent or very 
good quality, and at the compact morula or expanded 
blastocyst stages (days 6 or 7 post estrus). The blastocyst 
stage is more resistant to freezing as even if some of its 
cells suffer severe damage future development is not 
compromised (Anonymous 2011). In sheep and goats, 
greater embryo survival ability has been recorded during 
thawing when ethylene glycol was used rather than 
glycerol or dimethyl sulfoxide (DMSO) (sheep, Tervit and 
Goold 1984; goats, Le Gal et al. 1993) and pregnancy 
percentages between 39 and 55% were reported. 

Embryo Transfer (ET) reduces the risk of disease 
spread considerably, as embryos present a natural barrier 
to bacteria and viruses (Stringfellow et al. 1991) and 
consequently, genetic material can be recovered from 
infected livestock. Passive immunity provided by 
recipient mothers gives the fetus invaluable health 
protection, and even more so when embryos are 
exported to countries with diseases that are exotic in 
relation to their country of origin. There is no doubt at 
present that, for health reasons, ET is the safest method 
for importing various high production biotypes. The 
growth of international commerce in genetic material 
through the use of ET has proved the importance of the 
technique in providing health guarantees against exotic 
diseases and, furthermore, as a tool for the 
improvement of animal production (Anonymous 2011). 
AnGR Conservation and MOET 

The in situ conservation of breeds on 
organized farms together with improvement in their 
productivity can be effective when there maintains 
nuclear herds / flocks (ONBS and CNBS) of effective 
population size in improved management and 
environment exploring MOET program. The organized 
farms having a nucleus herd/ flock of 100 breedable 
females at least can run the selective breeding program 

for improvement and in situ conservation, also avoiding 
the risk of inbreeding and genetic drift (Tomar 2004). 

In vivo method of ex situ conservation also can 
utilize MOET concept for atleast endangered breeds by 
means of cryopreservation of multiple embryos (8-12) to 
get one live animal. About 300 frozen embryos are 
required for conservation of a breed assuming the 
pregnancy rate of 40% and survival rate of 50% (Tomar 
2004). 

When MOET is used in NBS, then it is called 
MOET nucleus scheme. When an elite herd/ flock (or a 
few elite herds) of males and females is set up and the 
selection is made at an early age based on family 
information (sibling test from the information of full and 
half sisters), generation interval is considerably reduced 
for the reason of sibling test for selection and not using 
the performance of the daughters. Thus the accuracy of 
selection is less under sibling test but this loss in 
accuracy is out-weighted by the reduced generation 
interval. The selection and testing is done within elite or 
nucleus herd(s) under controlled environment. By 
controlling environment, heritability should increase and 
so improves the accuracy of B.V. estimation. This makes 
possible the greater degree of control on intensity of 
selection, generation interval and rate of inbreeding. 
This is the major advantage of MOET nucleus breeding 
scheme (Tomar 2004).  Researches also envisaged that 
the MOET programs could result in increased selection 
intensity and reduced generation intervals, resulting in 
increased genetic gain (Choudhary et al. 2016). More 
number of progeny per donor can be obtained without 
increasing the herd size of recipients. The females 
carrying harmful recessive genes causing diseases can be 
detected by progeny testing of females with ET (Tomar 
2004).  

In order to ensure the continuity of programs 
for MOET and thus the conservation of genetic 
resources, a continuous supply of good quality embryos 
throughout the year is crucial. Moreover, during the 
normal breeding season goats behave as polyestrous 
animals. Similarly, the highest ovulation rate and 
embryo yields have been recorded during the natural 
breeding season, while the lowest embryo yields were 
recorded during the anestrus season in goat breeds 
(Chang et al. 2006, Tasdemir et al. 2011). So, these 
programs in small ruminants (sheep and goats) are 
limited to the natural breeding season, since small 
ruminants have seasonal cyclic activity (Chagas e Silva et 

al. 2003).  
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Introduction: 

The idea of conserving animal genetic resources focuses 
on two separate but interlinked concepts. The first is the 
conservation of ‘genes’ and the second, the 
conservation of ‘breeds’ or “lines” or populations of 
livestock. 
The conservation of ‘genes’ refers to action to ensure 
the survival of individual genetically controlled 
characteristics inherent within a population or group of 
populations. It could, for example, be disease resistance, 
polledness, wool shedding, meat quality or a specific 
milk protein. Such programmes require that the 
characteristic to be conserved is clearly recognized and 
identified. It does not, however, require that the genetic 
function at the chromosome or DNA level be 
understood. Such a characteristic may in fact be a 
complicated biochemical function controlled by several 
sections of DNA or genes on more than one 
chromosome, but provided the characteristic can be 
identified in the appearance or function of the animals 
that exhibit it, a programme can be developed to 
conserve it as a gene within the population. 
There are no such statistical methods which are used 
only for conservation of animals. But in quantitative 
population genetics, some statistical methods, such as 
coefficient of inbreeding, estimation of effective 
population size, standard genetic distance of Nei and Li 
etc., were used frequently for conservation of animals. 
In practical sense, during conservation programmes of 
small ruminant, the breeders not only adopt the steps of 
conservation methods but also ensure the improvement 
of the specific or economic traits of that breed. 
Therefore, planning of the conservation of certain breed 
is taken in such way, that improvement and 
conservation is done simultaneously without hampering 
the specific characteristics of the breed. 
Genetic Distance: 

Genetic distance is the degree of gene difference 
(genome difference) between species or populations 
that is measured by some numerical method. Thus, the 
difference of nucleotides or average number of codon 
per gene is a measure of genetic distance. There are 
various type of molecular data that can used for 
measuring genetic distance.  
In the past several decades various measures of genetic 
distance have been proposed. Some are direct 
applications of earlier measures of morphological 
distances which have been used in classical numerical 
taxonomy. For example, the measures proposed by 
Sanghvi (1953), Steinberg et al. (1967), Balakrishnan and 
Sanghvi (1968) and Siciliano et al. (1973) are all direct 
applications of Mahalanobis’s (1936) D2 statistic to gene 
frequency data. Bhattarcharyya’s (1946) measure, which 
is essentially the same as Cavalli-Sforza and Edwards’s 

(1967), can also be regarded as extension of 
Mahalanobis’s D2 statistic for the case of discrete 
character. All these theories populations are 
represented as points in multidimentional space and the 
genetic distance between two populations is measured 
by the geometric distance between corresponding 
points in the space. Thus, the principle of triangle 
inequality is very important, but little attention is paid to 
the relationship between genetic distance and 
evolutionary change of populations. The absolute values 
of these measures do not have any particular biological 
meaning, and only the relative values are important for 
finding the genetic relationship among populations. 
In 1972, Masatoshi Nei published what came to be 
known as Nei's standard genetic distance. This distance 
has the nice property that if the rate of genetic change 
(amino acid substitution) is constant per year or 
generation then Nei's standard genetic distance (D) 
increases in proportion to divergence time. This 
measure assumes that genetic differences are caused 
by mutation and genetic drift. Later on, Nei and Li (1979) 
were calculated genetic distance from the allele 
frequencies which is known as standard genetic distance 
and the equation is: 

 
Where, 

 
pij  and qij are the frequencies of the i allele at the j locus 
in the p and q populations; m is the number of loci 
Heterozygosity: 

Heterozygosity is of major interest to research workers 
of genetic variation in natural populations. It is often 
one of the first "parameters" that one presents in a data 
set. It can tell us a great deal about the structure and 
even history of a population. Just for example, very low 
heterozygosities for allozyme loci in flock of small 
ruminant indicate severe effects of small population 
sizes (population bottlenecks or metapopulation 
dynamics that severely reduced the level of genetic 
variation relative to that expected or found in 
comparable mammals).  High heterozygosity means lots 
of genetic variability.  Low heterozygosity means little 
genetic variability.  Often, we will compare the observed 
level of heterozygosity to what we expect under Hardy-
Weinberg equilibrium (HWE).  If the observed 
heterozygosity is lower than expected, we seek to 
attribute the discrepancy to forces such as inbreeding.  If 
heterozygosity is higher than expected, we might 
suspect an isolate-breaking effect (the mixing of two 
previously isolated populations).   
Several measures of heterozygosity exist. The value of 
these measures will range from zero (no heterozygosity) 
to nearly 1.0 (for a system with a large number of 
equally frequent alleles).  We will focus primarily on 
expected heterozygosity (HE, or gene diversity, D, as 
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Bruce Weir prefers to call it). The simplest way to 
calculate it for a single locus is as: 

 
where pi is the frequency of the ith of k alleles. If we 
want the gene diversity over several loci, we need 
double summation and subscripting as follows: 

 
Where, the first summation is for the lth ("ellth") 
of m loci. [Note that we average over the m loci via the 
1/m term].  The second summation is as in Eqn 4.1. Why 
does it work to take the sum of the squared gene 
frequencies and subtract that from one? Let’s think back 
to basic Hardy-Weinberg: 
p

2 + 2 pq + q2 = 1   
where the heterozygosity is given by 2pq. The rest of the 
expression (p2 + q2) is the homozygosity. If we want the 
heterozygosity, we just subtract that from the total. 
With just two alleles it isn't as efficient to calculate the 
heterozygosity by the "one minus the homozygosity 
route". Consider the case, though, of a locus with 6 
alleles. It has 21 possible genotypes -- 6 kinds of 
homozygotes and 15 kinds of heterozygotes.  Writing it 
out, 6 + 5 + 4 + 3 + 2 + 1 = 21 = [6*(6+1)]/2 -- this is the 
formula for combinations of six things taken two at a 
time, order unimportant -- [n(n+1)] / 2. The more alleles, 
the simpler it becomes simply to square the gene 
frequencies and sum then, compared to enumerating all 
possible heterozygotes and calculating the (possibly very 
many) different heterozygote frequencies. We trade a 
little inefficiency on two-allele systems for much greater 
efficiency with multi-allele systems. 
What does heterozygosity tell us, and what patterns 
emerge as we go to multi-allelic systems? Let’s take an 
example. Say p = q = 0.5. The heterozygosity for a two-
allele system is described by a concave down parabola 
that starts at zero (when p = 0) goes to a maximum 
at p = 0.5 and goes back to zero when p = 1. In fact, for 
any multi-allelic system, heterozygosity is greatest when 
p1 = p2 = p3 = ….pk  

that is, when the allele frequencies are equal. The 
maximum heterozygosity for a 10-allele system comes 
when each allele has a frequency of 0.1 - D or HE then 
equals 0.9.  Later, we will see that the simplest way to 
view FST (a measure of the differentiation of 
subpopulations) will be as a function of the difference 
between the Observed heterozygosity, Ho, and 
the Expected heterozygosity, HE,  that we have just 
derived. 
Effective Population Size: 

The effective population size is the size of an ideal 
population (i.e., one that meets all the Hardy-Weinberg 
assumptions) that would lose heterozygosity at a rate 
equal to that of the observed population. Effective 
population size (Ne) is determined by the relative 
genetic contribution of each animal to the next 

generation. Effective population size is greatly affected 
by the ratio of males to females active within the 
population such that 4 males and 4 females constitute 
the same effective population size (Ne), as 100 females 
and only 2 males. 

Nos 

of 
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s 

Effective population size (in whole nos) 

with varying nos of females 
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Mathematical expressions of the effective population 
number (Ne) have been derived for a variety of special 
population structures. 
A. Unequal Number of Breeding Males and Females: 

Ne = (4MF)/(M + F) 
where M is the number of males and F is the number of 
females (Crow and Kimura, 1970). Ne is primarily 
controlled by the sex (usually male) present in smallest 
numbers. For example, M = 10 and F = 100, the total 
census number is 110 but Ne = 36. 
B. Fluctuation in Population Numbers Across 

Generations: 

Ne is given by the harmonic mean population number 
(Crow and Kimura, 1970): 

 

Where Ni is the population number in each of t 
generations. Ne is seriously reduced by periods of small 
N. If Ni = 100 in nine of 10 generations but is reduced to 
Ni = 10 in one generation, Ne = 53. 
C. Non random Distribution of Progeny Numbers: 

In an ideal population, each parent is assumed to be 
equally likely to contribute progeny to the next 
generation. This implies a Poisson distribution of family 
sizes with the variance in family size (σ2

k) equal to the 
mean family size, k (which is equal to two in a 
population of constant size). However, in many 
populations σ2

k exceeds k. Mathematically: 

 

where N is the actual population number (Crow and 
Morton, 1955). Note also that in managed populations, 
if each mated pair contributes exactly two offspring to 
the next generation, σ2

k = 0 and Ne = 2N. 
In general, Ne is less than the census population 
size N (the actual number of animals present). In some 
cases it is far lower. Different forces acting to 



COMPENDIUM 

ICAR Sponsored 10 days Short Course on “Conservation of indigenous 

breeds of small ruminants in their respective tracts” 

 

79 | P a g e  

 

make Ne (effective population size) differ from N (census 
population size, or number of animals actually present). 
One of the most important influences 
reducing Ne relative to N is fluctuating population size. 
This is because Ne that accounts for fluctuating 
population size is calculated as the harmonic mean of 
the census size.  
A second factor affecting Ne is the breeding sex ratio. 
Generally, number of females is more than males in 
breeding sex ratio and as the artificial insemination is 
not popular in small ruminant, the effective population 
size affect seriously.  
A third influence on Ne can have an interesting effect 
that sometimes enters into captive breeding 
designs. Ne assumes a Poisson distribution of family 
(offspring) numbers. The Poisson is characterized by 
having the variance equal the mean. If the variance is 
lower than the mean, then Ne can actually be larger than 
the census size! Zoos will sometimes maintain their 
captive breeding stock to equalize family sizes (zero 
variance). This can increase Ne. They will usually need to 
keep "reserve" breeders, in case of the death of one of 
the selected breeders. In natural populations, if the 
environment causes the variance to exceed the mean 
(which may occur fairly frequently) then Ne will again be 
less than N. Hartl (2000) gives an example of the 
reduction of Ne relative to N because of variance in 
family size. 
 Overlapping generations can also act to reduce Ne. 
(Felsenstein, 1971). Yet another factor affecting Ne is 
the spatial dispersion (pattern of spatial distribution) of 
the population. Its influence on the effective size is given 
by: 

                                              
               

where  is the variance of the dispersal distance 

and  is the density of individuals. This formulation is 
often called the neighborhood size and assumes a 
normal (bell-shaped) distribution of dispersal distances 

(out in a circular shape from the source, hence the ). 
So, again, changes in the variance of dispersal size can 
affect Ne (viscous populations will have smaller Ne). Note 
that the units of density are units of area (e.g., hectares) 
and that the variance will be distance squared (= area), 
so the distance units will cancel, giving us a "pure 
number" of individuals, which is what we should expect. 
Here’s a place where good natural history and 
demographic data might produce reasonably good 
estimates of Ne. Hartl (2000) gives an example of 
calculating Ne using this approach. Woolfenden and 
Fitzpatrick (1984) used this approach to estimate Ne for 
Florida Scrub-Jays -- their estimate of Ne was 298. 
Inbreeding Coefficient: 

Various mating schemes of animals are classified under 
two broad categories - inbreeding and outbreeding. 
Classification depends on the closeness of the biological 
relationship between mates. Within each category, a 
wide variation in intensity of this relationship exists. A 
very fine line separates the two categories. Mating 

closely related animals (for example, parent and 
offspring, full brother and sister or half brother and 
sister) is inbreeding. With less closely related animals 
(first cousins, second cousins), people disagree about 
where to draw the line between inbreeding and 
outbreeding. Technically, inbreeding is defined as the 
mating of animals more closely related than the average 
relationship within the breed or population concerned. 
Mating between animals less closely related than this, 
then, would constitute outbreeding. 
When we calculate an inbreeding coefficient, we are 
attempting to measure the probable percentage 
reduction in the frequency of pairing of dissimilar genes 
(reduction in heterozygosity). This reduction is relative 
to a base population. The base population usually is the 
breed concerned at a date to which the pedigrees are 
traced. Animals in this base population are assumed to 
be non-inbred. This does not mean these base 
population animals had dissimilar genes in each pair. 
There is no way for us to know how many of their gene 
pairs consisted of similar or dissimilar genes. The 
inbreeding coefficient that is calculated is simply relative 
to that base and reflects the probable percentage 
reduction in however many dissimilar gene pairs the 
average base population animals had. 
The general expression for determining the inbreeding 
coefficient is: 
 

 
 
 
 
 
 
 

 

Figure 1. 
The problem now is to trace all possible paths from the 
sire (B) to the dam (C) through each common ancestor. 
As with the coefficient of relationship problem, there 
are two such paths: 
where: 
FX = the inbreeding coefficient of animal X. 
(1/2) = the fraction of an individual's genetic material 
that is transmitted to its progeny. It is used in the 
calculation of the coefficient of relationship because it 
represents the probability that, in any one generation, 
an identical gene from a given pair of genes is transitted 
to each of two particular progeny. It is also the 
probability that an unlike gene from a given pair of 
genes is transmitted to the two progeny. 
n = the number of generations between animal B and 
the common ancestor. 
n' = the number of generations between animal C and 
the common ancestor. 
+1 = is added to n and n' to account for the additional 
generation between animal X and its parents. 
FA = the inbreeding coefficient of the common ancestor. 
If neither parent is inbred, but if they are related, the 
inbreeding coefficient of their progeny is half their 
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coefficient of relationship: 1/2 RBC This can be 
demonstrated using a full-sib mating to make 
comparison easy with the full-sib coefficient of 
relationship calculated previously. In this case, the 
pedigree for animal X and the arrow diagram will be as 
follows: 
The basic genetic consequence of inbreeding is to 
promote what is technically known as homozygosity. 
This means there is an increase in the frequency of 
pairing of similar genes. Accompanying this increase, 
there must be a decrease in the frequency of pairing of 
dissimilar genes. This is called a decrease 
in heterozygosity. These simultaneous events are the 
underlying reasons for the general effects on 
performance we observe with inbreeding. 
 

Statistical methods for identifying hybrids and groups: 

Recently, statistical geneticists have developed a 
number of model-based methods that use genetic data 
to infer the population of origin of the gene copies 
within an individual. In this chapter we focus on three of 
these methods which are known by the software that 
implements them: STRUCTURE (Pritchard et al. 2000), 
NEWHYBRIDS (Anderson and Thompson 2002) and 
BAYESASS+ (Wilson and Rannala 2003). These programs 
are increasingly used in animal conservation for 
population assignment, detection of  hybridization and 
estimation of recent migration rates. Unlike more 
generic statistical approaches (Bowcock et al. 1994; 
Roques et al. 2001), the three methods we review here 
are all based on an underlying probability model that is 
intended to mimic the inheritance of genes and the 
sampling of individuals. Such model-based inference has 
a number of advantages. First, it typically uses more of 
the information in the data than approaches that are 
not based explicitly on genetic models, and second, the 
variables appearing in genetically based statistical 
models relate directly to genetic phenomena, so they 
are easily interpreted. 
The statistical genetic models underlying STRUCTURE, 
NEWHYBRIDS and BAYESASS+ are simple and quite 
similar. In lieu of mathematical equations we will 
explore the structure of these models in terms of 
simple, intuitive diagrams called directed acyclic graphs 
(DAGs), which show the relationship between variables 
in a model. This should allow users to better understand 
what the methods do, how they are similar, and the 
important ways in which they differ. Though the 
softwares implementing these techniques are user-
friendly, they are certainly not ‘plug-and play’ methods.  
The NEWHYBRIDS model: 

NEWHYBRIDS is designed to identify individuals that are 
recent hybrids between two species or populations. It 
can distinguish between genealogical classes like F1, F2, 
and backcrosses in a way that STRUCTURE cannot 
because the NEWHYBRIDS model takes account of the 
predictable patterns of gene inheritance in hybrids, 
while the STRUCTURE model does not. The simplest 
example occurs in comparing F1 hybrids (the offspring of 
parents from different populations or species) with F2 
hybrids (the offspring of two parents who are 
themselves F1 hybrids). F1 hybrids will have exactly one 

gene copy from one population and one gene copy from 
the other population at every locus. An F2 individual will 
also have, on average, half of its gene copies from one 
population and half from the other; however, only in 
half of its loci, on average, will there be exactly one gene 
copy from each population. The model in STRUCTURE is 
not able to detect differences between F1s and F2s 
because it models admixture strictly in terms of Qi, 
which is the proportion of gene copies an individual will 
have, on average, from different subpopulations. 
The DAG for the NEWHYBRIDS model (Fig. 2.1a), shows 
that it is a mixture model. In this case, however, the 
different components of the mixture are different 
genealogical classes, rather than simply different 
populations. π denotes the proportions of ndividuals of 
different genealogical classes present where the sample 
is drawn, and Zi is an unobserved variable that denotes 
the genealogical class of individual i. There are only 
two different species or populations (A and B) that an 
individual’s genes may come from. 
The model can be described by imagining simulating 
data from it, conditional on π and the allele frequencies. 
For the ith individual: (1) A coloured ball is drawn from a 
barrel with balls in the proportions of π. The colour of 
the ball gives the genealogical class (Zi) of the individual. 
(2) Given the genealogical class, the population of origin 
of the individual’s first gene copy (Wi,ℓ,1) is drawn from 
a barrel much like the Q-barrel described before. (3) The 
origin of the second gene copy (Wi,ℓ,2) is drawn from a 
distribution that depends not only on the genealogical 
class, but also on the origin of the 
first gene copy. For example, if the genealogical class is 
F1, and the first gene copy came from population A, 
then the second gene copy must come from population 
B. (4) The allelic type of each gene copy is drawn from 
the allele frequencies in their respective populations of 
origin.  
 
 
 
 
 
 
 
 
 
 
 
 
Visible in the DAG are the inference problems that can 
be tackled with NEWHYBRIDS. The value of π can be 
estimated, and the genealogical class of each individual 
in the sample can be inferred. Also, the allele 
frequencies in populations A and B may be estimated.  
The number of genealogical classes used in 
NEWHYBRIDS can be determined by the user. The 
default is six: two pure species categories, F1, F2, A 
backcross, and B-backcross categories. A considerable 
amount of genetic data is required to distinguish 
genealogical classes, even with as few as six classes 
(Va¨ha¨ and Primmer 2006). It is even more difficult to 
resolve other genealogical classes like second- or third-

 



COMPENDIUM 

ICAR Sponsored 10 days Short Course on “Conservation of indigenous 

breeds of small ruminants in their respective tracts” 

 

81 | P a g e  

 

generation backcrosses. Hence, NEWHYBRIDS is 
particularly appropriate for the study of hybrid zones in 
which hybridization has started to occur only recently, 
or in which the degree of introgression and backcrossing 
is limited due to selection against hybrids. It is worth 
pointing out that if only the two pure categories (Pure A 
and Pure B) are used, the NEWHYBRIDS model reduces 
to the standard mixture model of Fig. 2.2b with K = 2. 
The data required are the multilocus genotypes of the 
sampled individuals. Learning samples are not 
necessary, but they may be included. It is not necessary 
to have prior information about subpopulations or 
species. 
The BAYESASS+ model: 

The model in BAYESASS+ is a natural extension of the 
STRUCTURE model with admixture and prior population 
information. Figure 2.3b gives a schematic of the 
migration model. Importantly, migration rates are not 
constrained to be the same between all pairs of 
populations. Further, with BAYESASS+ it is not necessary 
to assume a value of the migration rate. Rather, 
BAYESASS+ endeavours to estimate the  
 
 
 
 
 
 
 
 
(possibly nonsymmetrical) rates of migration  
 
 
 
 
 
 
 
 
 
 
between all subpopulations. The other two advances 
over STRUCTURE are the correct modeling of patterns of 
gene inheritance and the inclusion of an inbreeding 
parameter F = (F1, …, FK) that tries to account for 
possible departures from Hardy–Weinberg equilibrium 
within each subpopulation. 
 
 
 
 
 
 
 
 
 
 
Figure 2.3. (a) A schematic of the structure model with 
prior population information assuming three 
subpopulations of cats. ν is the fraction of individuals in 
any subpopulation having a single immigrant ancestor in 
the last n generations from any of the other 

subpopulations. The other subpopulations are assumed 
to contribute migrants at the same rate so the 
probability that an individual has an ancestor from a 
specific subpopulation is ν/(K - 1), which in this case is 
ν/2 because there are K = 3 subpopulations. (b) The 
migration model in BayesAss+. νj,k is the fraction of 
individuals in subpopulation k having immigrant 
ancestors from subpopulation j in the last n generations. 
(c) Notation relating to migrants and their descendants. 
Si is the location where cat i was sampled. Ti is the 
number of generations back in time that i had a single 
migrant ancestor. Oi is the origin of that migrant. n is the 
total number of generations in the past during which it 
is assumed an individual might have a migrant ancestor. 
The cat shown at the 
bottom of the pedigree was sampled from the White 
Subpopulation (Si = 2) and it has a single migrant 
ancestor from the Black Subpopulation (Oi = 1) two 
generations ago (Ti = 2). Correspondingly, it is expected 
to have 1/4 of its ancestry from the Black 
Subpopulation, 3/4 from the White Subpopulation, and 
no ancestry from the Grey Subpopulation, i.e. Qi = (1/4, 
¾, 0). 
 
 
 
 
 
 
 
 
 
Comparing the DAG for the BAYESASS+ model (Fig. 2.4b) 
to that of STRUCTURE with admixture and prior 
population information (Fig. 2.2b) shows that the two 
are similar, differing only in a few variables, and a few 
extra arrows. Proceeding from top to bottom in the 
DAG, we first see that ν has been replaced with a matrix 
ν of individual migration rates between the populations 
(Fig. 2.3b). There is a new arrow connecting ν to Oi 
because, since immigration rates are no longer 
symmetrical and equal, the origin of immigrants 
depends both on their destination Si and on the 
migration matrix ν. The two new arrows, from Ti and 
Wi,ℓ,1 to Wi,ℓ,2 are there as a consequence of the fact 
that BAYESASS+ models the inheritance of genes from 
migrants in the same way that NEWHYBRIDS does genes 
in F 1s and backcrosses. Finally, the arrows from Wi,ℓ,1, 
Yi,ℓ,1, and F to Yi,ℓ,2 describe the interdependence of 
those variables induced by the possibility of inbreeding 
(departures from Hardy–Weinberg equilibrium). In 
words, 
the type of the second gene copy at a locus is no longer 
independent of the type of the first gene copy even if 
they both originate from the same population.  
The primary goal of inference using this model is the 
estimation of the migration matrix. The data 
requirements for BAYESASS+ are the same as they are 
for STRUCTURE with admixture and prior population 
information – it requires multilocus genotypes sampled 
from K distinct subpopulations. The model provides a 
more faithful representation of the data than does 

 

 

Figure 2.4.(a) The NEWHYBRIDS 
model. (b) The model used in 
BAYESASS+. The additions to the 
model that make it different from 
STRUCTURE with admixture and prior 
population information are depicted 
with dashed lines. 
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STRUCTURE and it is appropriate for estimating recent 
migration between populations that are well 
differentiated genetically. However, it is apparent that if 
the populations are not greatly differentiated, then it 
may be difficult to estimate the migration rates between 
them. This could lead to misleading results if attempting 
to estimate migration rates between demes of a 
recently fragmented population. The various demes will 
be similar genetically due to recent common ancestry, 
and this might lead to inflated estimates of migration 
rates, even if no migration is presently occurring due to 
the recent fragmentation. Similarly, users should be 
suspicious of non-migration rates close to 2/3 as this is 
the minimum allowed by the program and may indicate 
that populations are not genetically differentiated to the 
level required to get reliable results. 
Markov chain Monte Carlo programs for measuring 

migration rate:  

Population genetic analyses often require the estimation 
of parameters such as population size and migration 
rates. In the 1960s, enzyme electrophoresis was 
developed; it was the first method to gather co-
dominant data from many individuals in many 
populations relatively easily. Summary statistics 
methods, such as allele-frequency based F-statistics 
(Wright 1951), were used to estimate population 
genetics parameters from these data sets. These 
methods matured and expanded into many variants that 
were enthusiastically accepted by many researchers. F-
statistics are still a hallmark of any population genetic 
study, especially in conservation genetics, although 
over the years, limitations have become evident (Neigel 
2002). Many of these methods use restrictive 
assumptions, for example, disallowing mutation. F-
statistics, such as FST methods, are often employed on 
pairs of populations; this can lead to biased parameter 
estimates (Beerli 2004; Slatkin 2005) and the reuse of 
data in these pairwise methods is undesirable from a 
statistical viewpoint. 
In recent years, computer-intensive programs that can 
estimate parameters using genetic data under various 
coalescent models have been developed; for example, 
programs that estimate gene flow (Beerli and 
Felsenstein 1999, 2001; Bahlo and Griffiths 2000; Wilson 
et al. 2003; De Iorio and Griffiths 2004; Hey and Nielsen 
2004; Beerli 2006; Ewing and Rodrigo 2006; Kuhner 
2006). These programs use different models and 
different approaches, but in all of them, the quantities 
of interest 
are difficult to calculate. Several numerical integration 
methods have been developed over the centuries, but 
only recently Metropolis et al. (1953) developed a 
general approach allowing the integration of 
complicated multidimensional functions and named this 
approach the ‘Markov chain Monte Carlo method’. Their 
original algorithm, 
the Metropolis algorithm, was extended by Hastings 
(1970) and Green (1995). Many coalescence-based 
programs use the Metropolis–Hastings or the 
Metropolis–Hastings–Green algorithm to approximate 
this integral over all possible genealogies. 

The Markov chain Monte Carlo (MCMC) method is an 
integration technique for problems that have no simple 
analytical solution. Instead of exploring the function to 
integrate in a systematic manner, as in standard 
numerical integration techniques, MCMC is an 
autocorrelated method, where each step or sample 
depends on the last one, but it also has no memory 
because no step prior to the last one is remembered and 
thus, cannot influence the choice of the next step. 
Requirements for the method 
to work are: 

• It must be possible to calculate the integration-
function up to a constant. We can often reduce 
the function of interest to two functions: one that 
we can calculate and another one that we cannot 
solve analytically but can hold constant 
throughout the analysis. Replacing this constant 
with 1 typically does not change the relationship 
among the steps or the steepness of the function 
but only the height of the function. 

• Each point on the probability-landscape must be 
reachable from any other point, if necessary in 
multiple steps. 

• Moves from an old point to a new point on this 
probability-landscape are reversible and equally 
likely; if not, this directional bias needs to be 
corrected. 

Integration takes a central role for calculating the 
expectation of a probability distribution. It is standard 
procedure to calculate the integral analytically or to 
solve it piecewise, most often by discretizing the 
continuous distributions. The only requirement for such 
an approach is that we must be able to calculate the 
function at any point. With many discrete pieces this 
function can be integrated with high accuracy. 
Unfortunately, with many parameters (many 
dimensions) this approach does not work very well. 
Often, the function cannot be calculated on an absolute 
scale but only relative to an arbitrary quantity; 
therefore, all evaluations using this unscaled function 
will be off by a constant. When we compare 
functionvalues within the same analysis, the differences 
of these unscaled function evaluations are the same as 
those using the correctly scaled function, which we 
typically cannot calculate easily. This new unscaled 
function can, however, be used in an MCMC context. 
The algorithm works like this  
Step 1.1: Start with a random assignment of parameters 
(for example migration rates, population sizes, 
genealogy) 
Step 1.2: Evaluate the function for this first step (Lold) 
Step 2.1: Change the parameters (or a single parameter 
at a time) 
Step 2.2: Evaluate the function for this step (Lnew) 
Step 3.1: Evaluate the ratio R = Lnew / Lold 
Step 3.2: Draw a random number r from a uniform 
distribution between 0 and 1 
Step 3.3: If r < R then accept the parameter change and 
record the new state; otherwise stay at the old state, 
and record it 
Step 4: Go to 2.1 and repeat many, many times. 
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For a simple illustration of the steps above, I used a 
convolution of two normal distributions: in this case the 
absolute probability density function is known and can 
be calculated (smooth curve in Fig. 3.1). The histograms 
were built up using a very simple MCMC procedure that 
was optimized for this problem. Figure 3.1 shows an 
MCMC run for a single parameter after 3 steps, 300 
steps, 300 000 steps, and 3 000 000 steps. Improvement 
of the approximation to the area under the curve of the 
function is obvious. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 clearly shows that without running many 
steps, the approximation is very crude. However, the 
problem is that there are no clear stopping rules; for 
example if we are only interested in the maxima of the 
function, a sample of 300 000 steps would be fine, but 
the area under the curve is still not approximated very 
well. If we do not know the function well enough, we 
would still not know whether there are more than two 
peaks. This example is very simple and it is important to 
remember that any integration in the context of 
multiple parameter estimation will almost certainly be 
more difficult and less accurate. 
 

Conclusion: 

In conclusion, the practical methods of conserving rare 
breeds in live animal programmes are very widespread 
and diverse. Not all of these methods transfer easily to 
all regions of the world due largely to competition for 
resources from agriculture and from the indigenous and 
endangered wildlife species. However, there is a real 
opportunity for live animal conservation programmes 
associated with university research, bio-medical and 
veterinary research and production and through a 
system of farmer subsidies maintained in parallel with 
programmes to introduce replacement breeds. The need 
to preserve genetic variation in domestic livestock has 
been recognized for many years and it is now extremely 
urgent in a rapidly changing world. Farmers must be 
fired with enthusiasm to preserve the breeds evolved 
and shaped by their ancestors but that fire needs 
monetary fuel. It must be quickly and wisely applied 
before the fire is extinguished by the need for 
immediate survival rather than long term conservation. 
Therefore, before developing any policy for 

conservation of indigenous breed of livestock, judicial 
approach along with the results of simulation studies of 
new statistical and inference methods should be 
adopted. 
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SHEEP AND GOAT 
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37 Belgachia Road, Kolkata-37 

Need for conservation of animal genetics resources 

The International Union for the Conservation 
of Nature and Natural Resource's (IUCN) World 
Conservation Strategy has defined the need for 
conservation as: “The management for human use of 
the biosphere so that it may yield the greatest 
sustainable benefit to present generations while 
maintaining its potential to meet the needs and 
aspirations of future generations. Thus conservation is 
positive, embracing preservation, maintenance, 
sustainable utilization, restoration and enhancement of 
the natural environment.” (International Union for the 
Conservation of Nature, 1980) Within this concept of 
conservation the FAO Expert Consultations have defined 
animal genetic resources as: “all species, breeds and 
strains of animals particularly those of economic 
scientific and cultural interest to mankind for agriculture 
either at present or in the future”. FAO and other 
international agricultural agencies more commonly use 
the term ‘animal genetic resources’ to apply to breeds 
or strains of the common domestic species of sheep, 
goats, cattle, pigs, buffalo and poultry.  

Attempt to conserve natural resources with 
various types of flora and fauna has been felt and 
implemented since a long time. However, the livestock 
species such as sheep and goat gained attention only 
recently, when it was realized that the production-
oriented propagation of goat through crossbreeding and 
upgrading did not work in the long term and this 
approach is eroding the existing genetic architecture of 
breeds and/or genetic variability in indigenous goat 
germplasm. 
Reasons to conserve small ruminant genetic resources 

Though the extinction and origin of breeds is a 
natural phenomenon but when a breed is under threat 
of extinction mostly because man made reason there is 
a need for conserving these breeds for the reasons 
mentioned below. We should conserve the breeds to 
meet present socio-economic demand (FAnGR source of 
income for poor rural communities), insurance against 
future changes in production circumstances, cultural 
and historical reasons, opportunities to meet future 
demands, regenerating population after disease 
outbreaks, rescuing rare or endangered species or 
breeds providing a source of genetic material for 
research purposes and supplying germplasm for the 
development of new breeds. Moreover, maintaining 
indigenous livestock gene pool diversity. 
Sheep and goat breeds in India 

India has rich and diverse genetic resources of 
sheep and goat locally adapted in their breeding tracts. 
India stands 2nd in the world with goat population of 135 
million and rank 3rd with sheep population of 65 million.  
In India, 42 breeds of sheep and 21 breeds of goat are 

well characterized by high degree of endemism and 
variations in agro-climatic conditions led to 
development of various breeds and synthetic strains. 
Many breeds are named after their place of origin and 
some others are named based on their unique 
characteristics. Few breeds evolved from the base 
populations created by crossing native and exotic 
breeds. Indigenous breeds as they are best suited for 
the agro climatic condition contribute greatly to agrarian 
economy and play an important role in livelihood of a 
large proportion of small, marginal farmers and landless 
labourers. The traditional breeding followed by the 
farmers including intermixing of nearby breeds, 
indiscriminate mating disregarding the merit of animals, 
continuous inbreeding  introduction of exotic breeds 
and change in farming system resulted in decline in 
purebred population and dilution of genetic merit. Many 
breeds of sheep and goat are under threatened 
condition so immediate steps must be taken to avoid 
irreparable loss. Urgent need should be taken and 
initiate immediate steps for conservation of valuable 
indigenous sheep and goat and various governmental 
and non-governmental agencies involved in 
conservation of indigenous sheep and goat breeds. 
Main causes of decline indigenous animal biodiversity  

(i) Unchecked increase causing continuing 
deterioration due to inadequate inputs. 

(ii) Dilution of breeds by uncontrolled inter-mixing 
and infusion of exotic germplasm.  

(iii) Absence of planned strategies for 
conservation of indigenous breeds. 

(iv) Loss of breeds due to geographical 
reorganization.  

(v) Breeding tracts and organized farms of 
important breeds lost after partition. 

(vi) Indiscriminate cross-breeding practices.  
(vii) Expansion of intensive agriculture.  
(viii) Change in the economy.  
(ix) Establishment of protective areas, imposition 

of ban for grazing in forest land.  
(x) Lack of market demand and patronization.  
(xi) Disappearance of traditional livelihoods.  
(xii) Loss of indigenous traditional knowledges 

(ITKs). 
When and which breeds need to be conserved? 

The population status of a recognised breed is the 
deciding factor of the magnitude of effort and the 
method to be adopted for conservation. The 
endangered status of a breed can be determined by the 
size of breeding stock, which can be expressed by the 
number of breeding females, the number of breeding 
males, sex ratio, the percentage of females bred to 
males of the same breed, the trend in population size 
and effective population size under a particular 
production system. In FAO (1998), a working rule is that 
when population size approaches 5,000 breeding 
females (a total population of about 10,000 animals) the 
survival risk of the breed should be studied and 
appropriate action would be needed for its 
conservation. It is suggested that whenever the total 
number of animals falls below 10,000 one should start 
preserving semen and embryos.  
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Considering the distribution, prevailing breeding 
practice and economic importance under Indian 
conditions it has been suggested that sheep and goat 
breeds with over 50,000 population with no serious 
declining trend, can be considered a normal population. 
Population of 30,000-50,000 animals with constant 
declining trend under insecure category, while 
population of 15,000-30,000 can be put under 
vulnerable and 8000- 15,000 under endangered 
category. Less than 8,000 population can be considered 
as critical and needs immediate conservation where in 

vitro method can be adopted. 
 
Important breeds of sheep and goat in India 

 

Breed Breeding tract Unique 

characteristics 

GOAT BREEDS 
Black Bengal  West Bengal, 

Jharkhand, Odisha, 
Bihar and Assam 

Highly palatable 
meet, prolific,high 
quality skin 

Jamunapari Its home is 
between Jamuna, 
Ganges and 
Chambal Rivers of 
U.P 

High milk and 
meat production, 
large in size, They 
thrive best under 
range conditions 
with plenty of 
shrubs for 
browsing 

Beetal Punjab Good dairy breed 
Changthangi 
and Chegu 

Ladakh district in 
Jammu and 
Kashmir, 
Uttarkashi, 
Chamoli and 
Pithoragarh 
districts in 
Uttaranchal 

Finest wool 
(pashmina) 

Sirohi  Sirohi and Ajmer 
districts in 
Rajasthan 

Meat and milk, 
Heat tolerant 
(Dual purpose) 

Osmanabadi Osmanabad 
district in 
Maharashtra  

Good quality meat 

Mehsana Mehsana and 
Banaskantha 
districts in Gujarat 

Meat and milk 

Kannai Adu Ramanathpuram 
and Tirunelveli 
districts in Tamil 
Nadu 

Meat type 

Malabari Kozhikode, Kannur 
and Malappuram 
districts in Kerala 

Meat 

Ganjam Ganjam district in 
Odisha 

Good quality meat 

Assam Hill Assam Good quality of 
meat. Prolific 

Barbari Agra, Mathura, 
Etah and Aligarh 
districts in Uttar 

Meat and milk 

Pradesh 
Marwari Marwar of 

Rajasthan 
Meat and Hair 

SHEEP BREEDS 
Bannur 
(Mandya) 

Mandya district of 
Karnataka 

This sheep breed 
is considered as 
the best mutton 
type conformation 
among the other 
Indian sheep 
breeds, meat 
palatability 

Changthangi Changthang region 
of Ladakh 

Fine carpet fibre 

Gaddi Kulu, Kangra & 
Chamba 
districts of H.P. 

Fine carpet fibre 

Chokla Nagaur, Sikar, 
Churu and 
Jhunjhunu districts 
of Rajasthan 

Fine carpet quality 
fleece 

Magra Bikaner, Nagaur, 
Jaisalmer and 
Churu districts of 
Rajasthan 

Lustrous carpet 
quality fleece 

Mecheri  Salem, Erode & 
Namakkal 
districts of Tamil 
Nadu 

High quality skin 
and mutton 

Chennai Red Chingalpet & 
Madras districts of 
Tamil Nadu 

High quality skin 
and mutton 

Nellore Nellore, 
Prakashan, Ongole 
districts of A.P. 

Tallest sheep 
breed of India. 

Garole Sundarban Area of 
WB 

High fecundity- 
twins and triplets 
common. Survival 
under saline 
conditions. 

Jaisalmeri Jaisalmer, Barmer 
& Jodhpur 
districts of 
Rajasthan 

Hardy and capable 
of walking long 
distances during 
migration. 

Marwari Jodhpur, Jalor, 
Nagaur, Pali and 
Barmer, Ajmer and 
Udaipur 

Hardy and capable 
of walking long 
distances during 
migration. 

Deccani Semi arid areas of 
Maharashtra, 
Andhra Pradesh 
and Karnataka. 

Hardy and capable 
of walking long 
distances during 
migration. 

Pre requisite of conservation: Identification of special 

attributes in animals 

 

First of all one has to identify some unique traits 
specially the economically important traits in the breed 
which is to be conserved. The breeds of small ruminants 
been characterised in India so far are known to posses 
some unique attributes. There are much more animals 
which are still uncharacterised. Animals are best 
described as breed by the phenotypic traits rather than 
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its genetic constituent. Genetic characterisation requires 
much more sophistication and still date no standard 
method is available which can describe all the species. 
Moreover genetic characterization is only optional for 
breed characterization. Apart from the population 
dynamics, following are the criteria one has to look 
while evaluating a breed for conservation. 

a) Is the breed prolific? For example black Bengal 
goat and garole sheep are highly prolific 
breeds. 

b) Is the breed adapted to certain specific 
climate? There are breeds of sheep and goat in 
India which can survive only in specific 
climates-cold desert or hot desert 

c) Is the growth rate or feed conversion ratio 
more? 

d) Does it produce high quality meat, milk, wool, 
hide and skin etc? Black Bengal goat and 
Bannur sheep breed found in Mandya district 
of Karnataka are famous for the high quality 
meat. Best quality skin is derived from black 
Bengal goat. 

e) Any specific utilization? Gaddi and 
Changthangi goat  

f) Resistance to certain diseases, stress, 
parasites? Garole sheep has been extensively 
investigated for its higher resistance to 
internal parasites. 

g) Is the breed comparatively docile and easy to 
rear? 

Methods of conservation: 

Two principal methods are followed for 
conservation depending on the importance and 
population status of the breed, technological 
advancement and the cost.  
1. In-vitro method includes cryopreservation of genetic 
materials (semen, oocytes, embryo & DNA) 
2. In-vivo method comprises of  
i. In-situ conservation: maintaining the animals in their 
natural habitat/breeding tracts 
ii. Ex-situ conservation 
In-situ conservation 

Conservation of Sheep and Goat genetic 
diversity refers to all measures to maintain live Sheep 
and Goat breeding populations, including those involved 
in active breeding programmes in the agro-ecosystem, 
together with husbandry activities that are undertaken 
to ensure the continued contribution of these resources 
to sustainable food and agricultural production. 
According to FAO In practice, in situ conservation 
programmes may be organised at a regional, national, or 
local level. They may take the form of planned breeding 
programmes on specified conservation farms. This 
requires land, personnel, capital to purchase stock and a 
well planned breeding programme for which long term 
funding must be found and justified. It is equally 
possible to establish successful in situ projects at a local 
level using the land, experience and skill of local 
farmers. These farmer based projects can be funded 
nationally or locally and can be co-ordinated through 
centrally planned programmes or through local co-
operatives. Such projects can be very effective in 

conserving breeds in their natural environment in which 
they can continue to adapt and evolve within 
sustainable changes in local agricultural practice, and 
changes in climatic and environmental conditions. In situ 
conservation can be carried out in a farm under 
intensive system or by creating animal parks or by 
motivating the community to rear the particular breed. 
 
On-farm 

On-farm conservation of sheep and goat 
breeds involves maintaining and evaluating performance 
of productive and reproductive traits under natural 
condition on farm basis and it gives representative 
productive and reproductive performance level of the 
breed. 
 
Community-based conservation 

It is conservation approach based on 
combining socio economic values of farmer and 
indigenous traditional knowledge. It plays an important 
part in the sustainable use and conservation of such 
resources. 
 

Advances and disadvantage of  in situ conservation:  

Advances include-no advanced technology is 
required, economic benefits of the farmers when 
farmers are involved, the live animals undergo 
adaptation process as the biotic and abiotic 
environments changes. 
Disadvantages include-high resource involvement, 
inbreeding and genetic drift and treat of epidemics.  
Ex situ conservation 

 

Ex situ conservation involves conservation of 
genetic material out of the environment in which it 
developed (FAO, 2000). It consists of both the in vivo 
and ex vivo methods.  

In vivo methods: Ex situ conservation of live 
animals in the form of organized herd maintained in a 
research institution, state owned farm, zoo and breed 
safari comprises in vivo conservation. Keeping of large 
flock, especially of relatively less productive breeds is 
not feasible on economic grounds. In small populations, 
animals suffer from inbreeding and appearance of 
deleterious genetic defects. In such cases, it is very 
important to maintain the breeding population in such a 
manner that the inbreeding rate is kept at minimal level 
and production performance can be improved over the 
years to make the breed self sustaining. The effective 
population size of breeding females and males either 
through natural mating or through AI can be maintained 
either under scientifically managed farms of organized 
sector or with the farmers in their native breeding-tract 
or under breed safari/parks. The biggest limitation of 
conservation of breeds outside their home-tract is the 
population size avoiding the ill effects due to inbreeding. 
The effective population size is very important 
consideration and depends upon the ratio of male and 
females under different systems of selection.  

Livestock breed safari : It has been globally 
recognized that there may be a place for the animal 
resources on the pattern of wild animals. This may help 
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preserving the natural habitats, which include all species 
of plants, animals and other organisms. If managed 
appropriately, this type of natural system can be an 
ideal example for conserving the precious germplasm of 
domestic breed of livestock including sheep. Moreover, 
it should be self-sustaining unit. This approach in the 
form of amusement parks, is gaining popularity in 
developed countries with a tourist industry. They give 
opportunity to urban people to get an impression of 
diverse population of distinct breeds of livestock 
species. 
In vitro methods : Cryo-conservation of wide variety of 
living cells or tissues for long periods of time viz., 
sperms, oocytes, embryos and DNA etc. comprises in 
vitro ex situ conservation. The basic objectives of in vitro 
conservation are:  

i) Regeneration of endangered breed ii) New breed 
development iii) Supporting the in vivo populations 
iv) Research for determining the effect of single 
major gene v) DNA studies and genome mapping. 

Sperms and oocytes : In sheep the deep-freezing of 
semen in various forms has been standardized. For the 
successful conservation of breed, a minimum of 30 rams 
each contributing around 500 doses of semen would be 
essential. The semen should be stored in frozen 
conditions at least in two locations to avoid any risk. It 
has been documented in several studies that sheep 
oocytes like oocytes of other farm animals can be stored 
and fertilized in vitro after thawing as usual.  
Embryos : This is an excellent tool of conservation as all 
the genetic information is stored in one diploid zygote, 
which can give, rise to a new progeny. Embryos are 
usually frozen between 30 and 120-cell stage in 0.25 ml 
straws. These straws can be stored at -198°C for long-
term storage and can be implanted successfully in the 
recipients. With limited resources in terms of facilities 
and trained manpower at some places this technique 
can be utilized for the ex situ conservation of only 
declining/endangered breeds of sheep. However, it is 
still relatively expensive to obtain embryos, and their 
cryo-preservation technique needs further refinement 
for economical use. 
Cloning : Currently cloning has created revolutionary 
opportunities in both animal breeding and research by 
development of procedure for nuclear transfer, where 
unlimited number of cloned animals are bred by nuclear 
transfer, using somatic cells cultured in vitro. This 
technology shall hold for conservation of available 
genetic diversity of threatened genetic resources. 
Cloning can be used to produce identical copies of elite 
stud rams or ewes, more rapidly than conventional 
breeding. Scientists are using the technique to improve 
the quality of wool and meat. 
DNA : A new method of preservation now emerging is 
the preservation of sequences of catalogued DNA in 
perpetuity. Storage of DNA for conservation of breeds 
though has the advantage of disease free transportation 
across the countries, but it too has problems, which are 
preventing it from becoming the normal method of 
preservation. One is the fact that genome maps are not 
yet available to identify which sequences of DNA are 
responsible for specific traits in the live animal. The 

second is that the use of stored DNA to recreate an 
animal with specific traits is not yet possible as DNA 
reinsertion techniques with animal cells still produce 
random results. A few new methods of conservation 
now emerging include establishment of embryonic stem 
cell lines and conservation of somatic cells. When fully 
developed these techniques will offer an alternative 
approach to the preservation of genetic variation of 
endangered breeds in developing countries. The other 
important aspects of conservation of sheep genetic 
resources involve establishment/strengthening of 
National Animal Data Bank, National Gene Bank, 
National Animal Conservation Board, Regional Gene cum 
Data Bank and Global Data Bank. 
Agencies for conservation and improvement  

Several agencies including private farmers 
must be involved in facilitating the various steps of 
conservation and mobilization of individual enthusiasts. 
Following are the institutions responsible for 
conservation of Domestic animal diversity in India 
i) National focal point: National Bureau of Animal 
Genetic Resources (NBAGR) at Karnal is vested with the 
responsibility to take up description, evaluation and 
conservation of the livestock genetic resources and 
suggest strategies for their long term conservation with 
the help of various stakeholders. 
ii) Central government: The overall responsibility and 
control for the conservation of domestic livestock 
breeds is within the purview of Department of Animal 
Husbandry and Dairying, Ministry of Agriculture, 
Government of India (http://dahd.nic.in/sheep.htm). 
Other ministries, such as Environment and Natural 
resources or industry keep necessary liaison and 
coordination with other related ministries and member 
government to realize effective policy, planning and 
operations. 
iii) ICAR Institutes and Agriculture Universities:  
iv) State government: Farm, research or educational 
institutes, KVKs 
v) Non Governmental organizations (NGOs) 
vi) Private companies 
Status of conservation in India: 

Conservation of Goat genetic resource in India 

In India certain goat breeds are under threat- 
Jamunapari, Beetal, Jakhrana, Surti, Sangamneri, 
Osmanabadi, Ganjam, Malabari, Changthangi, Chegu 
and Attappady Black goat. Conservation and 
improvement of various goat breeds is underway since 
long by various ICAR institutes and state government 
institute. All India Coordinated Research project is the 
national level programe to popularise goat rearing, to 
improve the local breeds of animals and to reverse the 
declining population of various breeds.   

1. ICAR-CIRG, Makhdoom, Mathura, India 
initiated ex situ  and in situ conservation of 
Jamunapari, Jakhrana  and Barbari goats 

2. Cryogenic storage of DNA of different goat 
breeds is also initiated by CIRG, Makhdoom, 
Mathura and NBAGR, Karnal, Haryana. 

3. Furthermore, a programme for the 
conservation of the Beetal goat breed in 
Punjab was jointly implemented from 2005 to 
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2008 by the NBAGR with the Krishi Vigyan 
Kendra (KVK). 

4. Department of Animal Husbandry, Dairying 
and Fisheries, Ministry of Agriculture, GOI, had 
launched a programme for the conservation of 
threatened breeds of small ruminants (and 
rabbits, pigs, pack animals and equines), for 
which an outlay of Rs. 150 million was 
provided during the Tenth Plan (2002–2007). 

5. The Department intended to establish 18 units 
of small ruminants during the 10th Plan. 
However, funds were provided for the 
conservation of six goat breeds. The goat 
breeds were Terresa goat in the Andaman and 
Nicobar Islands, Malabari goat in Kerala, 
Sangamneri goat in Maharashtra, Black Bengal 
goat in Tripura and West Bengal, Jamunapari 
goat in Uttar Pradesh and the Long Haired 
goat in Nagaland. 

6. Under AICRP on goat various state universities 
are maintaining nucleus herd and has 
undertaken goat germplasm distribution 
programme.  

Conservation of Sheep genetic resource in India 

Breeds of sheep in India considered at risk are 
Bhakarwal, Gurej, Karnah, Poonchi, Changthangi, 
Rampur Bushair, Tibetan and Bonpala, Muzaffarnagari, 
Malpura, Chokla, Magra, Pugal, Jaisalmeri, 
MandyaNilgiri adn Kilakarsal. Just like goat, several 
agencies are entrusted with improvement and 
conservation of sheep genetic breeds. Some 
conservation models adopted in India are mentioned 
below. 

1. Kachaikatti Black sheep: As per report of SEVA 
(Sustainable Agriculture and Environmental 
Voluntary Action) the population of the sheep 
is around 2000 in numbers. Kachaikatty black 
sheep are maintained in small 
herds.Conservation programme initiated by 
SEVA in collaboration with Tamil Nadu 
Veterinary and Animal Science University in 
assistance of providing lambs, elite ram 
distribution, mineral mixture, farm set-up, 
insurance coverage, veterinary treatment and 
awareness programmes etc. 

2. Conservation model adopted for Banpala 
Sheep in Sikkim: The Banpala Sheep of Sikkim 
is considered to be a threatened breed due to 
low population of Banpala sheep. At present 
the number is considered to be almost below 
4000. This Banpala breed of sheep is at the 
verge of extinction. Banpala sheep is among 
the 42 different animal species considered to 
be threatened in India alone. The state animal 
husbandry department submitted a project 
proposal for conservation of Banpala Sheep to 
the Government of India in accordance to the 
policy adopted for conservation by the 
international forum. At present Banpala sheep 
nearly 35 in numbers have been kept for 
Breeding. Other than farm, around 18 
traditional farmers have also been listed as the 

members of Banpala Sheep Breeder 
association. All the farmers have been 
provided Banpala Sheep 4 in numbers each 
and other basic materials for initiating 
breeding programme. 
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Introduction  

Small ruminants like goats on which millions of 
resource- limited rural populace and economically 
weaker sections depend for their livelihoods in 
developing countries like India, Bangladesh and other 
Southeast Asian countries.  On an average, 15% of 
households in rural areas reported ownership of 
goat/sheep across the country. Around 70% of the goat 
and sheep in the country are reared by small and 
marginal farmers and landless labourers. Goat and 
sheep provide gainful employment and income to the 
weaker section especially in rural areas. About 5 million 
families are estimated to be engaged in various activities 
related to rearing of goats and sheep and utilizing their 
products (http:// www.archive.india.gov.in). Majority of 
Indian population prefer sheep and goat meat than large 
ruminants. This could be one of the reasons for 98% of 
meat produced from small ruminants is consumed in the 
country itself with meager export. Wool contributes only 
15-20% to the income of sheep farmers.  

India possesses vast diversity in sheep genetic 
resources in the form of 42 well established breeds 
which are spread in different ago-climatic zones of the 
country, while 23 recognized goat breeds in Indian 
subcontinent are registered. Improved goat and sheep 
production could significantly enhance the economy and 
living standards of millions of goat and sheep farmers in 
India.  

There is a need to utilize between-breed 
genetic differences for higher yields. Greater emphasis is 
required on improvement of adapted indigenous 
breeds/types because of valuable adaptive traits they 
have developed over long periods of time through 
natural selection. Breeding strategies for enhancing 
goat/ sheep meat, wool and milk production in the 
country is needed.  

Reproductive efficiency is a key driver of 
profitability in livestock production system, therefore 
strong selection pressure has been placed on 
reproductive traits. Since the majority of endocrine 
factors affecting reproduction and ovulation cascades in 
particular, are a result of gene expression at the 
hypothalamic, pituitary, ovarian or uterine level 
(McNeilly et al., 1993; Darwash et al., 1999), the 
endocrine factors may be useful for marking the goats/ 
sheep with reproductive and productive potential.  

This paper attempts a rapid summary of the 
present-day state of some biotechnological tools in 
small ruminant production system globally and 
nationally in relation to recent trends, coupled with a 

brief appraisal of whether these trends are likely to 
continue into the future in Indian context. 
Endocrine factor for selection of prolific animals 

Prolificacy is one of the most economically 
important traits in small ruminants. Increasing kid 
production is of great interest to goat producers. For 
example, Black Bengal goat is a native, well adopted, 
small-sized and meat type breed in eastern and north 
eastern regions of India (Acharya, 1982; Zeshmarani et 
al., 2007) and in Bangladesh (Rahman et al., 2006). This 
goat breed is famous for its quality of meat and leather 
with high fecundity. Similarly, Garole sheep is world 
famous prolific sheep breed available in Sundarbon area 
of West Bengal.  

GnRH challenge test is quite practiced to 
evaluate fecundity potential in sheep (Haley et al., 1989; 
Evans et al., 1994). Gonadotropin releasing hormone 
(GnRH) is a key regulator of reproductive functions, 
which triggers the synthesis and release of FSH and LH 
from the pituitary gland that in turn regulate gonadal 
function and ovulation process (Millar, 2005; Schneider 
et al., 2006). Few attempts have been made to identify 
high and low lines of ewes for fecundity using GnRH 
stimulation test (Haley et al., 1989; Evans et al., 1994; 
Shirley et al., 2001). Ewes with higher ovulation rate 
showed greater gonadotropin responsiveness of follicles 
in the early follicular phase of the cycle with a high 
correlation between plasma FSH concentration and 
ovulation rate (Montgomery et al., 1992; Abdennebi et 
al., 1999). FSH concentration was found to be higher in 
Booroola ewes than in non-carrier ewes on most days of 
the estrous cycle with a significantly higher and broader 
peak of FSH around the time of estrus (Xia et al., 2003). 
In contrast, ewes carrying Fec

B gene were able to 
ovulate significantly more follicle than non-carriers, 
despite identical concentration of FSH and LH (Boulton 
et al., 1995; Campbell et al., 2003). Pituitary 
responsiveness to GnRH has been reported to be highly 
heritable (h2= 0.44) in Finnish Landrace-Dorset Horn 
sheep and successfully used as a selection tool to 
improve fecundity (Lee and Land, 1985).  

In recent studies, the significant higher (P< 
0.05) plasma FSH concentrations among the goats 
belonging to triplet vs. twin vs. single kidding size groups 
were also noted at 380, 460 and 480 min post GnRH 
administration (Haldar et al., 2013). Based on the 
majority of the facts that greater expression of FSH 
mRNA and higher pituitary response of FSH secretion 
during estrous cycle in prolific sheep (McNeilly et al., 
1993), it suggests that the differences in response of 
pituitary FSH secretion may be due to greater amount of 
FSH subunit mRNA in pituitary of the goats belonging to 
triplet vs. twin vs. single kidding size groups. Thus, GnRH 
challenge test could have potential interest to introduce 
as endocrine marker and/or tool into breeding 
programme for progeny testing and selection purposes 
to identify those goats that have the prolificacy potential 
of giving multiple births.  

 
Plasma LH concentrations were observed to 

increase in response to the GnRH stimulation test 
(Haldar et al., 2013). However, plasma LH response after 
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GnRH challenge did not differ (P> 0.05) among the goats 
belonging to triplet, twin and single kidding size groups. 
Shirley et al. (2001) reported that LH response to a 
prepubertal GnRH challenge could not predict which 
ewe lambs had the potential to reach puberty at young 
age. Therefore, it suggests that LH secretion after GnRH 
stimulation may not be a reliable marker to diagnose 
prolificacy potential in goats.   
Endocrine factor for selection of the pregnant animals 

bearing single or multiple fetuses 

Determination of fetal number during 
pregnancy for proper care and management of the 
pregnant goats/ ewes bearing multiple fetuses and 
achieving the benefits out of multiple births are 
essential for sustainable goat/ sheep farming. There is 
limited information on endocrine profiles for 
differentiating the pregnant animals bearing single or 
multiple fetuses that aid in care and management to 
prevent pregnancy toxemia, dystocia and ensure the 
survivability of kids/ lambs born to goats/ sheep bearing 
multiple fetuses (Karen et al., 2006; Moallem et al., 
2012). Some attempts have been made to predict fetal 
numbers by the estimation of plasma progesterone and 
estrone sulphate concentrations in does (Manalu et al., 
1996; Chentouf et al., 2011) and ewes (Kalkan et al., 
1996; Kulcsar et al., 2006). The reports on relationship 
between peripheral hormone concentrations and fetal 
number are equivocal.  

There was significant effect (P< 0.01) of litter 
size on plasma progesterone levels during the pregnancy 
in does (Jarrell and Dziuk, 1991; Manalu et al., 1996) and 
in ewes (Kalkan et al., 1996; Ranilla et al., 1997; Kulcsar 
et al., 2006). Plasma progesterone values in goats were 
significantly higher (P< 0.01) among triplet vs. twin vs. 
single pregnancy between day 84 and 21 prior to 
parturition (Haldar et al., 2013). In contrast, there was 
no effect of kidding size on plasma progesterone level in 
does during pregnancy (Sousa et al., 1999; Chentouf et 
al., 2011). The differences in plasma progesterone 
concentrations in ewes carrying single, twin and triplet 
fetuses were due to the production of large amounts of 
progesterone by the multiple placenta in addition to 
corpora lutea (CL) (Casida and Warwick, 1945), unlike 
the goats (Linzell and Heap, 1968). In goats, CL might be 
the main source of progesterone for maintaining 
pregnancy (Gordon, 1997). A single blood sampling on 
day 63 prior to parturition might be helpful for the 
prediction of number of fetus in pregnant does on 
animal welfare, management and economical points of 
view (Haldar et al., 2013).  

The goat conceptus synthesizes and releases 
certain proteins, particularly caprine trophoblast 
protein-1 (CTP-1) which may play a role in maternal 
recognition of pregnancy between days 15 and 17 
(Gnatek et al., 1989). Estrone sulfate is a conjugated 
estrogen which is produced specifically by the conceptus 
in goats (Igwebuike et al., 2009). Refsal et al. (1991) 
reported a positive correlation between plasma estrone 
sulphate concentrations and number of fetuses in does. 
Plasma estrone sulphate concentrations were found to 
be higher (P< 0.05) in does bearing multiple fetuses than 
the does bearing single fetus between day 126 and 28 

prior to parturition (Haldar et al. 2013). Plasma estrone 
sulphate was found to be synthesized in the fetal or 
cotyledonary portion of the placentome (Hoffmann et 
al., 1979). The number of placenta was probably the 
determining factor for higher (P< 0.05) plasma estrone 
sulphate concentrations in does carrying multiple (2 or 
more) fetuses than the does bearing single fetus 
between day 126 and 28 prior to parturition in pregnant 
does. Hence, plasma estrone sulphate concentrations 
could be used as the predictive tools for the 
discrimination of the goats carrying multiple fetuses 
from the goats carrying single fetus during the 
pregnancy period.  This tool may also be helpful for farm 
management to ensure optimal fertility, maximum 
survival of offsprings and desired weight of kids that 
bring economic benefits out of multiple births.  
Endocrine factor for the assessment of fertility 

potential 

The evaluation of fertility potential in 
economic livestock animals is of great practical 
importance in animal husbandry. The common concept 
of female reproductive aging assumes that the decline of 
reproductive potential or quantity and quality of 
oocyte/follicle pool estimates an age-dependent loss of 
female fertility. Ovaries undergo much more serious 
effects of aging than any other tissues of the female 
body (Amanvermez and Tosun, 2016). Reproductive 
aging is a major determinant of the age-related decline 
in female fertility which is characterized by decreased 
ovarian follicular reserve. During the aging process, both 
the number and quality of the oocytes in the ovaries 
decrease and reach to a point beyond that no more viable 
offspring may be produced and the associated cyclic 
endocrinological activities cease, entering the menopause 
in females. In women, menopause indicates the absolute 
end of reproductive life. However, menopause like stage 
has not been coined in farm animal species. There is a 
classical view of a finite primordial follicle pool in ovaries 
called ovarian reserve to better understand ovarian 
aging (Gleicher et al., 2011). This ovarian reserve 
declines progressively with increasing chronological age 
within expected ranges.  

To assess an individual’s ovarian reserve, early 
follicular phase serum levels of FSH, inhibin B, and 
estradiol are measured. Age-related decrease in the 
number of oocytes leads to a decrease in estradiol and 
inhibin B levels, as a result of which FSH levels rise. 
However, these markers constitute the classical 
hypothalamus-pituitary-gonadal feedback loop and 
therefore, are not independent of each other. Hence, 
the routine use of these hormones is not recommended 
(Jirge, 2011). Though few reports indicate that single 
nucleotide polymorphisms (SNPs) in gonadotropins and 
their receptor genes, BMP-15, GDF9, FMR1 gene, MCM8 

gene, and the other candidate genes are responsible for 
genetic predisposition to early ovarian aging (Schuh-
Huerta et al., 2012; Gleicher et al., 2013), there are 
currently no reliable genetic markers of ovarian reserve 
that can be used as a routine test (Amanvermez and 
Tosun, 2016). 

Currently, anti- mullerian hormone (AMH) 
appears to be the best biochemical-endocrine marker in 
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assessing the age-related decline of the ovarian pool and 
predicting the ovarian response of induced patients 
including poor and hyper-responses of in vitro fertilization 
(Grynnerup et al., 2012). AMH is a member of the 
transforming growth factor beta (TGF-β) family of 
growth and differentiation factors signaling through a 
BMP-like pathway, in the ovary (Visser et al., 2012). It is 
a dimeric glycoprotein of 140 kDa expressed by 
granulose cells of pre-antral and early antral follicles of 
ovary during the female reproductive life span and is 
proportional to the follicle population and is not 
influenced by gonadotrophic status in human (Fanchin 
et al., 2003; La Marca et al., 2005). With respect to other 
known markers of ovarian reserve, AMH seems to better 
reflect the continuous decline of the follicle pool with 
age (van Rooij et al., 2005).  

The vast majority of studies on AMH have 
been documented in rodents and human. In females 
mammals, AMH is specifically expressed by granulose 
cells and it shows a positive linear correlation to antral 
follicle count and represents a highly reliable endocrine 
marker of the ovarian follicular reserve in mice 
(Kevenaar et al., 2006) and in humans (Poomthavorn et 
al., 2009; Christiansen et al., 2016). A recent study 
established the age-specific normal reference ranges for 
serum AMH levels in a large population-based sample of 
healthy Chinese women (Du et al., 2016). The 
measurement of serum AMH levels has been added to 
the panel of markers for ovarian aging in women (de Vet 
et al., 2002; Fanchin et al., 2003). There is a promising 
use of AMH as an endocrine marker for ovarian follicular 
reserve (van Rooij et al., 2002), ovarian aging (de Vet et 
al., 2002) and ovarian responsiveness in assisted 
reproductive technology (ART, Elgindy et al., 2007) in 
the field of human reproductive biology. Unlike human 
beings, the reference range for AMH for defining the age 
of ovarian senescence and/ or ovarian functional status 
at any point of age in different farm animal species is 
lacking.  

Circulating AMH concentration in young adult 
dairy heifers has been found to be a simple reliable 
biomarker to predict productive herd life (time in herd 
after birth of first calf) in dairy cattle (Jimenez-Krassel et 
al., 2015) and select good embryo donors in embryo 
production programs of buffaloes (Liang et al., 2016), 
sheep (Lahoz et al., 2014) and goats (Monniaux et al., 
2011). Plasma AMH concentration has been 
demonstrated to have a high degree of correlation with 
ovarian antral follicle count in cattle (Batista et al., 2014, 
2016) and buffaloes (Baldrighi et al., 2014). Because 
AMH levels are strongly correlated with the ovarian 
follicular reserve, plasma AMH levels may be a good 
candidate for assessing individual fertility potential in 
farm animals. Recent studies indicate that plasma AMH 
concentrations changed significantly (P <0.01) between 
the mean rank of the related groups over the time (age) 
in cattle, buffaloes and goats (Haldar et al., unpublished 
data). A single AMH measurement in the plasma of 
animals may open the possibility of using peripheral 
AMH concentration as candidate endocrine marker for 
the regular assessment of fertility in farm animals. 
Knowledge of the peripheral AMH levels in certain 

conditions (such as cystic ovarian syndrome, anoestrus, 
repeat breeding condition etc) might provide more 
insight into the possible cause or effect of altered AMH 
levels in economic livestock animals. 
Endocrine factor as marker of onset of puberty  

Age at onset of puberty is another 
reproductive event of importance in controlling lifetime 
reproductive efficiency.  Onset of puberty is determined 
by integration of both internal and external factors, 
which then enable the neuroendocrine or hormonal 
events to occur. Luteinizing hormone, in response to 
pharmacologic-challenge of GnRH, has been used as a 
tool to increase percentage lamb crop and decrease the 
age of puberty by using the pituitary response to GnRH 
as a criterion to select divergent (high versus low) sire 
lines within Finnish Landrace-Dorset Horn sheep (Haley 
et al., 1989). Thus, the level of pituitary secretion of LH 
in response to GnRH -challenge may serve as a 
physiological marker for predicting reproductive 
potential in ruminants. Pituitary secretion of GH in 
response to GHRH challenge has been used as a tool to 
predict growth potential and carcass composition in 
bulls (Connor et al., 2000; Thomas et al., 2000). 
Researchers examining the relationship between GH and 
reproduction found GH to be positively correlated with 
increased secretion of LH (Hall et al., 1994). It is 
therefore conceivable that a fast growing ewe lamb 
would reach the minimum body weight sooner and be 
able to use available GH to partition nutrients and 
activate LH secretion sooner than slow growing females. 
In view of evaluation of hormonal marker as indicator of 
the onset of puberty in Debouillet sheep selected for 
twinning, the sheep were administered with GnRH and 
found that heavier ewes tended to produce more GH 
after a GHRH challenge and reach puberty earlier than 
lighter ewe lambs (Shirley et al., 2001). Thus, in regard 
to sheep, ewe lambs that are nearer to puberty might 
have reached a minimum body weight for the onset of 
estrus sooner and be able to secrete more GH in 
response to a GHRH challenge. 

Control of age at onset of puberty is known to 
be influenced by genetics with moderate heritability 
(Bathaei and Leroy, 1997; Toe et al., 2000).  Mutations in 
single genes that have major effects on ovulation rate 
have been identified in several lines of sheep (Fabre et 
al., 2006; Juengel et al., 2013).  Selective breeding of 
sheep carrying these mutations can be used to increase 
prolificacy in the flock.  Identification of these mutations 
has highlighted the essential role of two oocyte-derived 
growth factors, namely bone morphogenetic protein 15 
(BMP15) and growth differentiation factor 9 (GDF9), in 
regulating ovarian follicular development, ovulation rate 
and fertility (McNatty et al., 2004; Gilchrist, 2011; 
Otsuka et al., 2011).   

Mutations in leptin (LEP) or leptin receptor 

(LEPR) have been linked to alterations in timing of 
puberty in many species.  In mice, mutations in either 
the Lep or Lepr gene that result in leptin signalling 
deficiency are associated with obesity and reproductive 
failure (Pittroff et al., 2011).  Overexpression of leptin 
results in accelerated puberty and a “skinny mouse” 
phenotype (Yura et al., 2000). A mutation in the human 
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LEPR that results in a truncated protein that lacks the 
transmembrane and signaling portions of the protein 
results in a lack of pubertal development (Clement et al., 
1998).  Mutations in LEP resulting in leptin deficiency 
have also been associated with failure to undergo 
puberty and obesity (Strobel et al., 1998) and a rare 
mutation in LEP, hypothesized to increase its bioactivity, 
was associated with a thin body type and delayed 
puberty (Murray et al., 2011).  In Merino sheep, higher 
leptin concentrations were associated with earlier age at 
first estrus (Rosales et al., 2013). In sheep, fetal leptin 
concentrations were inversely correlated to fetal size 
when comparing normal to intrauterine growth 
restricted fetuses (Buchbinder et al., 2001).  
   Recently, mutations in LEPR gene in the 
Davisdale line of prolific sheep that were strongly 
associated with a delay in attainment of prolific sheep 
that were strongly associated with a delay in attainment 
of puberty have been identified (Haldar et al., 2014). 
Leptin is a regulator in nutritional pathways, regulating 
multiple systems in reproductive function (Wylie, 2011). 

The timing of onset of puberty is affected not 
just by age but also by body size and body fat (Pittroff et 
al., 2008).  Leptin concentrations increase during 
pubertal development in heifers (Garcia et al., 2002) and 
in sheep (Rosales et al., 2013) and leptin has been 
proposed to signal that the critical thresholds for body 
fat mass have been reached and thus is considered 
permissive for onset of puberty (Barb and Kraeling, 
2004; Wylie, 2011).   

In examining age of attainment of puberty, 
Haldar et al. (2014) observed closely related rams from 
the Davisdale line sheep whose daughters differed in 
age at which they attained puberty.  A candidate gene 
approach was used to identify mutations that may 
underlie these observed differences.  Four rams with 
divergent phenotypes for daughter’s age at onset of 
puberty were selected for whole genome sequencing.   
The coding regions of genes with known roles in 
regulating reproductive function were searched for 
single nucleotide polymorphisms (SNPs) that altered the 
amino acid sequence of the protein.  Of interest were 3 
SNPs in LEPR.  A Sequenom assay was developed to 
determine the genotype of these three SNPs in 590 
daughters of 17 sons of a founding sire.  A higher 
percentage of ewe lambs homozygous for the LEPR SNPs 
failed to undergo puberty prior to 1 year of age and 
those that did undergo puberty during the first breeding 
season on average were 18 days older than wild-type 
ewes.  Heterozygous ewes were intermediate for both 
measurements.  Of particular interest was a mutation 
that would result in the Arg at position 62 in the 
extracellular region of the LEPR to change to Cys.  The 
other two mutations were in the intracellular region, 
changing amino acid 1019 from Pro toSer and amino 
acid 1069 from Lys to Glu. Given the predicted change in 
protein function produced by the mutation in the Leptin 
receptor gene and the strong associations between the 
genotype and onset of puberty phenotypes, it is 
suggested that this mutation in LEPR underlies the 
observed difference in age at onset of puberty in the 
Davisdale line.  Animals homozygous for the identified 

SNPs may also provide unique insight into physiological 
mechanisms regulating attainment of puberty.   
Epilogue  

The global economic and business 
environment is undergoing rapid changes that will have 
far reaching impact and implications for the goat and 
sheep sector in India. Understanding the market and 
preparing itself to respond to emerging market trends 
would be the prime tool for enhancing the domestic 
livelihood opportunities in the goat and sheep sector. 
The potentiality of science will also be harnessed by 
validating and transferring the technologies related to 
increasing the animal productivity. Strategic planning to 
extend benefit of research outcome to the farmers will 
be undertaken in various areas of goat and sheep 
husbandry.  
 

Biotechnology as applied to agriculture implies 
increased productivity from animals. This therefore 
demands research in the frontline areas, so that 
superior germplasm can be multiplied at faster rate. 
Identification of endocrine markers in goats and sheep 
needs to be established to increase the productive and 
reproductive ability of goats and sheep in the days to 
come.  
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Conservation  of small ruminants  is essential for  its 
management and preservation of  the unique traits it 
possess and simultaneously preservation of the genetic 
resource from being endangered, vulnerable  and later  
extinction in near future. The most important step is the 
characterization of the indigenous breed of small 
ruminants as sheep and goat . The first step of 
characterization is phenotypic characterization of the 

breed based on morphological traits as growth traits 
(body weight, daily body weight gain at different ages), 
biomorphometric traits (heart girth, body length, body 
height, punch girth, head length, distance between eyes, 
horn length or circumference, tail length, ear length and 
width), physical traits as body colour and appearance 
and based on certain multivariate analysis. After the 
phenotypic characterization is over, we need the 
confirmation of breed through molecular 

characterization. The commonly used approach for 
molecular characterization are RAPD, microsatellite 
genotyping, characterization through SRY gene inherited 
from male and mitochondrial genotyping. Very recently, 
breed characterization with  NGS (next generation 
sequencing studies) are becoming popular. Once the 
breed is characterized, depending upon the status,  if 
endangered,  conservation strategies need to be 
followed. Conservation may be of two types- in situ and 
ex-situ  conservation. Whenever in – situ conservation is 
not possible, we follow ex-situ conservation. Ex-situ 
conservation may be of two types- in vivo and in – vitro . 
In-vivo conservation process is the conservation of live 
animals outside the breeding tract. In-vitro conservation 
process involves preservation of embryo, ova, sperm or 
DNA or unique genes in vitro in the laboratory under 
freezing. The idea is to revive the animal even when it 
becomes extinct  and aid in assisted reproductive 
techniques. 

In the current context, we shall be dealing 
with molecular methodologies for breed 
characterization  and  a glimpse  on ex-situ conservation 
process.   
 Conservation:  

Conservation is defined as the management of 
the biosphere of human use for benefits in present time 
together with maintaining its potential to meet the 
future needs. Conservation includes the process of 
preservation along with improvement of  genetic 
potential and management of a breed  for use in future. 
For any conservation programme, one of the mot 
important criteria is to ensure genetic variability. 
Conservation process may be in-situ or ex-situ.  In- situ 
conservation is the process of the maintenance of live 
population of animals in their native tract. In-vivo 
method of  Ex-situ conservation is applicable for live 
animals in small numbers at a  place away from the 

breeding tract. In –vitro method of  ex-situ conservation 
includes storage of living cells for long period of time, 
viz. deep freezing of sperms and oocytes, embryos and 
storage of DNA.  
Importance of Conservation of indigenous breeds of 

small ruminants : 

Indigenous breed of small ruminants possess 
some unique traits which were famous world wide. 
Garole sheep of West Bengal is famous globally for its 
prolificacy. There are evidences that the famous 
Australian Merino sheep has the inheritance of Garole 
to improve the litter size of Merino. This had 
revolutionized their wool industry which is the best in 
current days. Sheep breed from West Bengal as Garole 
& Birbhum and Kendrapada from Odisha are excellent in 
their litter size .Sheep breed as Birbhum was observed 
to be highly resistant to most of the commonly occurring 
diseases.  Sheep breeds from North temperate region of 
India are known for  fine wool production, while those 
from western and North Western part are famous for 
carpet wool production. Sheep breeds from eastern and 
Southern states of India are mostly reared for mutton 
production. Hence it is very much important for us to 
maintain the biodiversity existing in our country and to 
characterize and conserve each and every breed in their 
breeding  tract to retain their best adaptability.  
Molecular characterization  

Molecular Characterization of small ruminants, 
being an essential factor for genetic improvement, 
conservation , breeding etc.  there are several categories 
of markers used for this processes. These are Random 
Amplified Polymorphic DNA (RAPD), Microsatellite, SRY 
and Mitochondrial DNA.   
RAPD marker 

 Random Amplified Polymorphic DNA (RAPD) are short 
DNA fragments amplified by PCR using short and 
synthetic primers (8-12 nucleotides). These nucleotides 
serves as both forward and reverse primers followed by 
PCR using templates of genomic DNA. The primers bind 
somewhere in the DNA sequence but the uncertainty 
remains that the exact position where the primer will 
bind is unknown. RAPD markers are used to analyze 
genetic diversity of any species using random primers. 
The main advantage of RAPD is that is a quick assay and 
since PCR is involved , only low quantity of DNA is 
required. Random primers , being commercially 
available no sequence data knowledge for primer 
construction is required. Further more RAPD has higher 
genomic abundance and are randomly distributed 
throughout the genome.  

The main drawback of RAPD is low 
reproducibility and therefore high standardization of 
experimental procedures are needed because of their 
sensitivity to their reaction conditions. Nearly all RAPD 
markers are dominant, so it is not possible to distinguish 
weather a DNA segment is amplified from the locus 
which is homozygous or heterozygous. Mismatch 
between the primer and the template may result in the 
total absence of PCR product as well as in merely 
decreased amount of product and hence RAPD results 
can be difficult to interpret. RAPD marker has been 
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utilized genetic characterization of breed (Khatun et al., 
2012) 
Microsatellite marker 

         Microsatellites are simple sequence tandem 
repeats (SSTRs). The  Microsatellites occur at thousands 
of locations within an organism's genome and  they have 
a higher mutation rate than other areas of DNA  leading 
to high genetic diversity. Microsatellites are classified as 
VNTR (Variable number of tandem repeats).  A type of 
microsatellites called short tandem repeats (STRs) are 
often used because although the repeating sequence of 
base pairs of a specific microsatellite does not change 
from Individual to individual, the number of times the 
sequence repeats does change. This allows the number 
of repeats of a sequence to identify an individual 
through the DNA if the number of sequence repeats 
matches the initial DNA basis used for comparison. 
Microsatellites are widely used for DNA profiling  (most 
commonly in paternity testing), in forensic identification 
and in population genetics. Also, microsatellites are used 
for mapping locations within the genome, specifically 
in genetic linkage analysis/marker assisted selection to 
locate a gene or a mutation responsible for a given trait 
or disease. As a special case of mapping, they can be 
used for studies of gene duplication or deletion.  

The limitation of Microsatellite is that they are  
normally analysed by conventional PCR amplication and 
amplicon size determination, sometimes followed 
by Sanger DNA sequencing. The use of PCR means that 
microsatellite length analysis is prone to PCR limitations 
like any other PCR-amplified DNA locus. The vast 
application of microsatellite lies in the field of forensic 
science for genetic finger printing of individuals. The 
microsatellites in use today for forensic analysis are all 
tetra- or penta-nucleotide repeats, as these give a high 
degree of error-free data while being robust enough to 
survive degradation in non-ideal 
conditions. Microsatellites are also popular 
in population genetics because as PCR became 
ubiquitous in laboratories researchers were able to 
design primers and amplify sets of microsatellites at low 
cost. Microsatellite marker has well been used for breed 
characterization (Joshi et al., 2012).  
Mitochondrial DNA marker 

                           Mitochondrial DNA  is the DNA located in 
mitochondria, cellular organelles within eukaryotic cells 
that convert chemical energy from food into a form that 
cells can use, adenosine triphosphate (ATP). 
Mitochondrial DNA is only a small portion of the DNA in 
a eukaryotic cell. In humans, the 16,569 base pairs of 
mitochondrial DNA encode for only 37 genes. Human 
mitochondrial DNA was the first significant part of the 
human genome to be sequenced. Since animal mtDNA 
evolves faster than nuclear genetic markers it represents 
a mainstay of phylogenetics and evolutionary biology. It 
also permits an examination of the relatedness of 
populations. Animal mitochondrial DNA in the present 
scenario is playing  an increasingly important role as a 
genetic marker in population and evolutionary biology. 

           The rapid mutation rate (in animals) 
makes mtDNA useful for studying the genetic 
relationships of individuals or groups within a species 

and also for identifying and quantifying the phylogeny 
among different species. To do this, Mt DNA sequences 
from different species are compared and this 
comparative data used to construct a network of 
relationships among the sequences, which provides an 
estimate of the relationships among the individuals or 
species from which the mtDNAs were taken. This can be 
used to estimate the relationship between both closely 
related and distantly related species. Due to the high 
mutation rate of mtDNA in animals, the 3rd positions of 
the codons change relatively rapidly, and thus provide 
information about the genetic distances thus amino acid 
changes accumulate slowly (with corresponding slow 
changes at 1st  and 2nd codon positions) and thus they 
provide information about the genetic distances of 
distantly related species. Mitochondrial gene has been 
used for studying evolutionary study and 
characterization of newly documented breed (Pal et al., 
2016)  
   

 
 
We have undergone molecular characterization  of 
Birbhum sheep based on Cytochrome B gene (Pal et al., 
2016) and later confirmed through NGS studies as whole 
mitochondrial genome studies (Pal et al. 2017).      

Next generation sequencing studies as whole 
mitochondrial genome sequencing will sequence 
the 37 genes present in mitochondria. The steps 
are Isolation of mtDNA and  qualitative and 
quantitative analysis of g-DNA: PCR amplified with 
COX-2(mt specific), GAPDH and Beta actin primers 
to validate.  Next step is preparation of library 
where the paired-end sequencing library (NEBNext 
Ultra DNA  Library Preparation Kit) was conducted. 
Then, quantity and quality check (QC) of library on 
Bioanalyzer: Bioanalyzer 2100 (Agilent 
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Technologies) using High Sensitivity (HS) DNA chip.   
Final step is Cluster Generation and Sequencing:  

DNA Bank and Gene bank: 

DNA Bank is a form of ex-situ conservation process 
when the genomic DNA or the cDNA is preserved for the 
breeds. It is a form of storage of DNA physically.  
On the contrary, gene bank is  the form of genomic 
sequence data  maintained in gene banks. Some of the 
popular gene banks as NCBI.   
 
                        Conclusion: 

Conservation of small ruminants are very important for 
maintaining their biodiversity and unique traits for 
indigenous germplasm. Molecular characterization and 
subsequently in-vitro conservation process of ex-situ 
conservation  has posed  tremendous scope. The major 
methodologies for molecular characterization are RAPD, 
microsatellite genotyping, mitochondrial genotyping and 
finally next generation sequencing studies. Apart from 
in-situ conservation and in-vivo ex-situ conservation 
process,  in-vivo ex-situ  conservation  process is  gaining 
utmost importance.  In future, intact individual 
pertaining to certain breeds may be revived  from the 
germ plasm stored. 
Reference: 

Pal  A . et al.,  2016. “Molecular characterization of 
Birbhum sheep based on mitochondrial gene”, In 
Proceedings of National Symposium on Policy 

planning for livelihood security for domestic 

animal Biodiversity on 11-12 Feb, held at SKUAST, 
Jammu. (Awarded Best Oral presentation Award) 

 
Pal et al., 2017. Birbhum - an indigenous breed of sheep  

identified from the Birbhum district of West 
Bengal and confirmed through  Next generation 
sequencing Proceedings of  at 24

th
 West Bengal 

State Science and Technology Congress, 2017, 

organized by Department of Higher Education, 
Science and Technology and Biotechnology, Govt. 
of West Bengal . 

 
Joshi, B.K., Sodhi, M., Mukesh, M., Mishra, B.P. 2012. 

Genetic characterization of farm animal genetic 
resources of India: A review.   Indian Journal of 
Animal Sciences 82 (11): 1259–1275.. 

 Khatun, M. M.,  Hossain, K.M. and  Rahman S.M. M   
2012. Molecular Characterization of Selected 
Local and Exotic Cattle Using RAPD Marker. Asian-
Australas J Anim Sci. 25(6): 751–757 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

METHODS OF SELECTION  



COMPENDIUM 

ICAR Sponsored 10 days Short Course on “Conservation of indigenous 

breeds of small ruminants in their respective tracts” 

 

101 | P a g e  

 

Subhash Taraphder 
Associate Professor 

Animal Genetics and Breeding 
West Bengal University of Animal and Fishery 

Sciences 
Belgachia, Kolkata 700 037 West Bengal, India 

“The key is man’s power of accumulative selection: 

nature gives successive variations; man adds them up 

in certain directions useful to him.”  -Darwin, p. 35, 

sixth edition of The Origin of Species. 1920.  

INTRODUCTION 

The economic value of an animal depends upon 
several characters - known as overall performance of 
total net merit of animal. For example - a dairy goat 
will be more economical to maintain if she produces 
more milk with higher fat content for a longer period 
during lactation and remained dry for a shorter time 
between successive kidding. On the other hand - if a 
goat produces more milk daily of low fat content with 
shorter lactation length and goes dry earlier during the 
lactation - it will not be economical to maintain. 
Likewise - more profit from sheep depends on their 
litter size, mothering ability, growth rate, efficiency of 
food conversion, wool quality, and also the resistance 
to various diseases. The traits of direct economic 
importance in sheep are wool clip, fertility and lamb 
weight. Thus, the net economic value of an animal 
depends upon several traits. It is – therefore - 
essential to estimate the total breeding worth net 
merit of an animal based on several characters. In 
practice - the breeding merit of an animal is often 
determined on several traits simultaneously and not 
by a single trait - to improve the overall economic 
value based on simultaneous selection for several 
characters - which is also known as Multi Trait 
Selection.  
 

Simultaneous selection for many traits can be applied 
based on individual’s own performance by adopting 
any of the procedure of selection. One may wish to 
adopt tandem selection or independent culling levels 
methods or one may evaluate the individuals on the 
value for each of the traits selected for and then sum 
up these values to give  a score for all the traits. The 
animal with the highest score is then selected. These 
procedures are known as methods of selection (Hazel 
and Lush, 1942).  
Choosing Traits for Selection: 

The net value of an individual is dependent on several 
traits. These traits usually are of varying economic 
importance. The heritability and the magnitude of 
genetic variance of the traits differ. There may be 
phenotypic and genetic interrelationships among the 
traits. If too many traits are selected at a time, less 
progress will be made in the improvement of any 
particular trait. Hazel and Lush examined the 
theoretical superiority of three methods of selection 
involving selection for many traits. The most factors 
enter into the choice of traits to be selected for are as 
follows: 
1) The goal of the selection programme 

2) The heritability of the trait 
3) The economic value of improvement in each 

trait 
4) The range in variation of expression of each trait 
5) Correlation among the traits 
6) The cost of the selection programme 

1) Selection Goals: 

Often the goal of the selection programme makes the 
choice of the traits quite obvious. The breeder of dairy 
cattle may set out to breed cows with superior milk 
production and not be concerned with any other 
characteristics of his choice of traits is specified by his 
selection goals. Similarly – the breeder of the race 
horses must select for speed if he is to be successful 
and his choices of traits are limited to alternative ways 
to measure speed.  
 
The more usual case – however - is for the selection 
goals to be less define - such as “to bred a more 

profitable animal’. Consider the case of dairy cattle 
where primary income is derived from the sale of milk. 
Obviously increased milk production must receive 
primary emphasis in a selection programme. However 
- some cows require far more feed per litre of milk 
produced than others. Some cows do not breed 
regularly - are susceptible to mastitis - are difficult to 
milk, have poor conformation, produce undesirable 
meat - or are otherwise unprofitable. How much 
emphasis should be given to improve these traits? The 
answer to this question is difficult, but it must be 
answered before proceeding with a selection 
programme. A definite goal is a prerequisite for a 
successful selection programme. 
2) Economic value: 

The relative economic value of alternative traits is an 
important consideration in a selection programme. 
Traits with high economic value often have low 
heritability, thus, both factors must be considered 
jointly if we are to make a good choice of traits. 
Perhaps the best way to compare economic values is 
to compute the expected response of each trait to 
specific intensity of selection, then to compare the 
economic values of the expected responses. Many 
traits can be quickly eliminated – however - because 
they have little or no economic value. 
3) Variability of the Traits: 

Selection operates on the variability in expression of 
the trait by choosing parents which are above average. 
Obviously if all animals are quite uniform for a trait 
there will be little selection response because any 
selected group of parents will not be much better than 
those not selected. Some traits are much more 
variable than others, thus the innate variation of the 
traits should be carefully considered in choosing traits 
for selection. Variation can be increased by improving 
exotic types, and sometimes this can result in new 
combinations of genes which are superior to either 
parent type. 
4) Heriatability: 

Heritability measures the ability of the trait to respond 
to selection. Traits with high heritability show a much 
stronger response to selection than do those with low 
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heritability. In general, reproductive traits usually have 
low heritability (0.00 to 0.10), yield (milk, egg, wool) 
characters have moderate heritability (0.15 to 0.35) 
and anatomical measurements usually have moderate 
to high (0.40 to 0.60) heritability. 
Traits with extremely low heritability (such as fertility) 
are poor risks in a selection programme since most 
variations are non-transmissible and response to 
selection will be slow if it occurs as all. 
5) Correlated traits: 

Sometimes traits tend to be inherited together. These 
correlations may arise in several ways. The traits may 
be of different measures of some underlying trait. For 
example weight and height are both measures of body 
size - thus taller animals are usually also heavier and 
these two traits are said to be correlated. 
a) Pleiotrophy: If the same genes produce 
responses in several traits these traits will be 
correlated. 
b) Linkage: Genes on the same chromosome 
tend to segregate together causing correlations. In the 
long run, however, crossing over produces equilibrium 
between coupling and repulsion phases, thus 
correlation due to linkage are transitory. 
Correlated responses are common. Selection for 
increased milk yield produces a correlated decrease in 
the percent of fat in the milk of dairy cows. Selection 
for an increased rate of gain produces a correlated 
increased in feed efficiency in swine. Thus- both direct 
and correlated responses result from selection - and 
some correlated responses are positive while others 
are negative. 
Correlated response may be used advantageously in a 
selection programme. For example - feed efficiency is 
expensive to measure because it requires both weight 
gain and feed intake on each individual whereas 
weight gain neither feed weight nor individual feeding. 
The high correlation between rate of gain and feed 
efficiency causes almost as much correlated 
improvement in feed efficiency from selection for rate 
of gain as would be obtained by direct selection for 
feed efficiency. 
Conversely - some correlated responses show slow 
progress. Egg size and number of eggs produced are 
negatively correlated - thus selection for more eggs 
results in smaller eggs whereas selection for larger 
eggs results in fewer eggs being laid. The breeder 
would often like to get both larger eggs and more 
eggs. The optimum combination for selection depends 
on the market situation and the price differences 
between larger and small eggs. Selection for both 
more and larger eggs is effective but is much slower 
than if they were not negatively correlated. 
Definite goals are essential for a successful selection 
programme. The success in achieving these goals 
depends on the existence of genetic differences - the 
differences - the degree to which phenotype 
differences are heritable - and the correlated 
responses in other traits. In comparing selection 
programmes the breeder must evaluate the value of 
the expected response and the cost of the programme 

relative to the costs and responses of alternative 
selection programmes. 
In general- most of the economic characters of farm 
animals are correlated with each other to certain 
extent. The examples of associated characters are: 
birth weight is associated with body weight at weaning 
age in a positive direction, larger ewes produce more 
fleece, number of eggs produced by a hen is 
associated with the size of the eggs in negative 
direction, and there is also negative correlation 
between milk yield of dairy animals with fat 
percentage but positive correlation with fat yield. 
 
Requirement and Efficiency of Multi-Trait Selection: 

In order to select an individual as parent of next 
generation for improvement in several traits - the 
following information needs to be known for each 
trait. 
1. The economic value of the traits. This is known 
as the relative economic value of the trait. This is 
measured as the amount by which each unit of 
variation in it actually raises or lowers an individual’s 
value. 
2. The genetic significance of the traits in terms 
of the heritability of the trait and genetic correlations 
among the traits.  
3. The method of selection chosen and the 
number of traits to be included in selection criteria 
also influence the efficiency of simultaneous selection 
of several traits besides economic and genetic 
significance of the traits. 
 

 Breeding/Selection Techniques for Optimal 

Production 

There are three methods of selection techniques for 
optimal production as mentioned below: 
1) Tandem Method 
2) Independent Culling Level Method 
3) Selection Index 
1. Tandem Method:  

In this method of individual selection the individual 
traits are improved successively. Only one trait is 
considered at a time for selection until satisfactory 
improvement has been brought about in that trait. 
Selection efforts for this trait are then relaxed and 
selection is done for a second trait - then a third and 
so on. Hence the selection is practiced for one trait 
only at a time till the satisfactory improvement is 
achieved. After improvement in this trait the selection 
is started for improvement in the second trait till the 
goal is achieved to the desired level. Thus, trait A is 
improved first, then trait B, and so on. 
The improvement is dependent on the genetic 
correlation between the traits. Thus the efficiency of 
this method depends a great deal upon the genetic 
correlation between the traits selected for.  
If there is a positive and desirable correlation between 
the traits - improvement in one trait by selection 
would automatically result in improvement in the 
other trait not selected for. Hence, a desirable genetic 
association would lead improvement in other while 
selection is made for one trait. The method could be 
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quite efficient. But low genetic correlation will 
decrease the efficiency of this method because there 
will be no correlated response in other trait. As for 
example selection for egg weight in poultry will result 
in improvement of egg size.  
On the other hand - if the traits are negatively 
correlated - selection for the second trait could undo 
the progress previously made in the earlier selection. 
When there is no correlation - this is the least efficient 
method. When the two traits are negatively correlated 
- improvement in one trait means regression in the 
other trait. That is to say - progress made in one 
character is nullified or neutralized by the regression 
in the other. As for example- selection for milk 
production in dairy cattle will result in lowering fat 
content. In such situations- therefore - the efficiency 
of tandem method would be extremely low. An 
undesirable genetic correlation between two traits, in 
which selection for an increase in desirable direction 
in one trait results in a decrease in the other trait, 
would neutralize the genetic progress made in any one 
trait. 
If there is little or no genetic correlation between the 
traits, which means that they are inheritated more or 
less independently, the efficiency would br less than if 
the traits were genetically correlated in a desirable 
manner. Furthermore, in this situation the selection 
has to continue for a very long period of time. 
Demerit: 

a) It requires more time for improvement in all 
the traits because while selection is being done for 
one trait - the other traits must wait. 
b) The genetic progress per unit of time by this 
method is less and that too for great efforts. The 
average genetic improvement per generation in each 
of n traits (which are independent and equally 
important) would be only 1/n times which would be 
made if it was the sole object of improvement over 
the entire period of selection. Hence, this method is 
less efficient than other methods. 
Therefore, tandem selection has a major disadvantage 
to other major types of artificial selection for multiple 
traits, such as culling and index selection, as there is a 
tendency for the last trait to be lost as the next is 
being selected. 
2. Independent Culling Level Method 

In the second method, i.e. independent culling 
method level - selection for many traits can proceed 
simultaneously - but - a minimum standard is set for 
each trait. Any animal falling below that minimum 
level is culled irrespective of its meritorious 
performance in the other traits. The superiority of the 
animal in some traits will not have an opportunity to 
offset the weakness in other traits. Thus - such a 
selection will try to favour medium type animals which 
may just qualify in each trait above the culling mark – 
but - may not posses much excellence in any trait. On 
the other hand - outstanding animals with respect to 
many traits may be rejected if they fail to qualify in 
one trait. 
This method of individual selection involves selection 
for two or more traits at a time. A minimum standard 

(level) for each trait is fixed and every animal to be 
selected must met this minimum level for each of the 
trait under consideration. An animal fails to meet the 
minimum standard fixed for any one of the trait will be 
rejected - irrespective of the fact that how good the 
animal was in other trait. Thus - an animal is rejected 
inspite of its being exceptionally good in one trait but 
if it was little poor in another trait. The procedure of 
this method can be understood by the following table 
- taking an example in buffalo: 
 

Traits Standard 

Set 

Goat No. 

1 2 

         AFK 
(Months) 

6 6 8.5 

         Milk 
Yield (gm) 

2500 2900 4500 

         Fat 
(percent) 

3.5 4.5 3.0 

 
Under the use of ICL method of selection Goat No.1 
will be selected and Goat No.2 will be rejected 
because No.2 fails to meet the standard for AFK and 
fat percentage - though it was much superior in milk 
production. Thus - the goat superior in milk production 
will be lost from the herd. 
Advantages: 

1) Selection for more than one trait: This 
method is superior to tandem selection because the 
selection is practiced for more than one trait. 
2) Culling at early age: The practical and 
economic advantage of this method is that it allows 
culling the animals earlier which are inferior in early 
expressed traits. 
Disadvantages: 

1) No compensation for other traits: The first 
disadvantage of this type of selection is that it does 
not permit superiority in some traits to compensate 
for deficiencies in others - and there is a possibility to 
cull genetically superior animals. 
2) Culling level: The method involve a tedious 
work to determine the optimum culling levels. 
3) More emphasis to early expressed traits: In 
case of early selection, the early expressed traits get 
more emphasis rather than actually more important 
trait which are expressed later. 
4) Selection Intensity: The intensity of selection 
is reduced with increase in number of traits. 
Efficiency: 

The effectiveness of this method depends on the level 
kept for each of the traits. In case of keeping low 
levels - very few animals are culled and it affects the 
genetic progress. On the other hand - if the standards 
kept are high - it results in gradual extinction of 
population because it will find difficult to have 
adequate replacements. 
3. Selection Index/Total Score:  

Hazel and Smith (1943) developed selection index or 
total score method which rectifies many of the 
drawbacks of the previous two methods. Unlike ICL 
method two or more traits are generally used at a 
time but no standard is assigned for those traits. In 
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this method-selection is made for all the traits 
simultaneously by using some kind of a total score or 
index of the net merit of an individual constructed by 
combining together the scores for each component 
character. The individuals with the highest total score 
are kept for breeding purposes.  
The selection index method of individual selection is 
an index of the net merit of an animal for many traits. 
This is constructed by adding the scores for each trait 
into one figure. The values for each of the trait being 
added give a total score for all the traits. Thus credits 
and penalties are given to each animal according to 
the degree of superiority or inferiority in each trait. 
The animal with the highest score is then selected for 
breeding.  
Since the traits to be considered in selection may not 
be equally important economically- this requires some 
kind of weighting. Unless appropriate weighting is 
adopted-some traits will receive too much and others 
too little attention. Thus some weightage is given to 
each trait due to their unequal economic importance 
and thus allows equal attention to each trait. The 
amount of weightage given to each trait in relation to 
other traits determines the influence of each trait on 
the final index. The amount of weightage depends 
upon the economic and genetic significance of the 
traits. The amount of weight given to each trait 
depends upon its relative economic value-its 
heritability and the genetic and phenotypic 
correlations between the different traits. If the 
characters are uncorrelated-each character is 
weighted by the product of its relative economic value 
and its heritability. Each trait is given a weightage 
depending on its economic worth, heritability and 
interrelationship with other traits. Thus this method 
encompasses all the advantages and disadvantages of 
an animal by permitting extra merit in one trait to 
offset slight defects in another. 
The total of the score given to the traits is added upto 
arrive at a total score. These indices are computed in 
such a way that they are closely correlated to the 
composite breeding value of the animal, as is possible 
with a linear joining together of traits. 
Constructing Selection Indexes  

The first application of the selection index to plant 
breeding was by Smith (1936) using the discriminates 
function of Fisher (1936), and the first to animals by 
Hazel (1943). Selection Index is also known as 
discriminate function - since it is used in discriminating 
individuals with high and low scores. 
Principles:  
The principles of constructing selection indexes 
designed to make maximum improvement are those 
of multiple regressions where it is desired to predict as 
accurately as possible an unknown or "dependent" 
variable from two or more known "independent" 
variables. In this case the dependent variable is the 
animal's net genetic merit or breeding value, while its 
various characteristics or even the characteristics of its 
relatives are the independent variables. 
Basically, the statistical principle of constructing 
selection indices is the same as that of fitting of a 

multiple regression equation for predicting a 
dependent variable from two or more known 
independent variables. 
Four bits of information are needed for each 

characteristic.  

1) The average amount which a given variation in 
that characteristic actually raises or lowers the net 
phenotypic merit of the animal. This we may call the 
importance of the characteristic.  
2) The heritability of each characteristic is 
important because it is the average fraction of 
phenotypic improvement we get in the offspring for 
each unit of phenotypic merit in the selected parent. 
3) Genetic correlations between that 
characteristic and the others may arise if some of the 
same genes affect two or more of them. These will 
mean that selection for characteristic x will help or 
hinder improvement in characteristic y, as compared 
with what would happen if they were independent.  
4) Phenotypic correlations between that 
characteristic and the others will exist if some of the 
same environmental incidents have affected them. 
This, in combination with differences in heritability, 
may even lead to some characteristics being useful 
mainly as indicators of the kind of environment under 
which more important characteristics developed. 
Selection index is constructed in the following steps: 

Estimation of genetic and economic parameters:  
The genetic and economic parameters of the traits 
included in selection for improvement are estimated 
first on half sib analysis method and considering the 
market price, respectively. 
 

Estimation of Partial Regression Coefficients: 

The regression coefficients are estimated by setting 
and solving the normal simultaneous equations for n 
traits under selection as follows: 
I b1Vp(1)  +  b2CovP(12) + ………. + bnCovP(1n)    =  
a1VA(1) + a2CovA(12) + …..+ anCovA(1n) 

II b1CovP(21) + b2VP(2) + ……… +bnCovP(2n)    =  
a1CovA(21) + a2V(2)      +…….anCovA(2n) 
III b1CovP(n1)+b2covp(n2)+b3VP(3) …..+bnV(Pn) =  
a1Cov(n1) + a2CovA(n2) + a3V(3)      …+bnVA(n) 
The above equations are solved for bi values. The 
variances and co variances (both genetic and 
phenotypic) and economic values are first determined 
and put into the above equations to solve for bi values. 
The selection index (I) = b1X1 + b2X2 

+……………………...+bnXn 

 
Where, bi are the partial regression coefficient of each 
trait. Xi are the phenotypic values of the traits. The bi 
and Xi values are put up in the index to obtain the 
index value for each animal and the animals with top 
highest index value are selected.  
Efficiency of Selection Index over other methods of 

selection: 

Index is a more efficient method of selection than 
others (Tandem and ICL) 
1. The selection index method is more efficient 
than the other ones under most circumstances 
because it allows the individuals which are more 
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superior in some traits to be saved for breeding 
purposes - even though - they may be slightly deficient 
in one or more other characters. Hence, it allows the 
individuals who are superior in some traits to be 
selected regardless of their inferiority in other traits 
and thus superior genotypes are saved for breeding. 
2. The selection index method is more efficient 
than either of the two which we have discussed - 
because it results in more genetic improvement for 
the time and effort expended in its use.  
3. This method is more effective than the 
method of independent culling levels method for 
another consideration as well- that it allows 
excellences’ in some traits to make up for slight 
deficiencies in other while deciding the fate of the 
individual. 
4. All traits do not have equal heritability and so 
the same intensity of selection will not be expected to 
give the same proportionate improvement for each 
trait. 
5. The traits are correlated with each other to 
which the index gives appropriate consideration. It 
also results in more genetic gain for the time and 
effects made. The advantage of index method 
increases with the number of traits. Thus it requires 
less time to bring about an overall improvement. 
Practical problems in constructing selection index: 

There are certain practical problems in construction of 
selection index and to recommend in general for all 
herds and even in the same herd over time. 
1. The information required is not available or 
accurate enough. The relative economic importance of 
traits varies from time to time and in different locality 
and relative economic value of each trait is difficult to 
establish. It requires information on the long time 
price average and cost of production of the traits. 
Sometimes the economic value changes due to change 
in market demand. 
2. To find the genetic and phenotypic parameters 
is not an easy job particularly when the number of 
traits included in the index exceeds three or more. 
3. Moreover - the selection index constructed 
cannot in general be recommended because the 
genetic and phenotypic parameters differ in different 
populations due to different genetic constitution of 
the herds and different management practices.  
4. The genetic correlations have large sampling 
errors mainly due to small herd size. Because of those 
problems- an index constructed for one herd can be 
widely applied in general. The different management 
practices and environmental conditions at different 
places may cause the variability of the traits. 
5. The net merit (aggregate genetic worth ∆H) of 
an animal has been assumed as an additive linear 
combination of characters each weighted by its 
relative economic value. This assumption may not true 
always, and the economic value of a character either 
may not be linear or may not be independent of the 
other character. The example of milk yield and fat 
content may be taken. The net return for increase in 
milk production is not linear and fat content depends 
on milk yield of the animal. It is, therefore, advisable 

to use a model which covers both additive and non-
additive functions. 
How many Traits should be considered in selection? 

Selection intensity is so restricted by the low 
reproductive rates of farm animals that it is critical 
that selection intensity be concentrated on a few 
important traits. Simultaneous selection for several 
traits reduces the selection intensity for any single 
trait. It has been shown that if n traits are equally 
important and independent then the intensity of 
selection will be 1/√n, as intense for each trait as if 
selection were for only one trait. Thus: 

n Traits Relative Intensity 

1 1.00 

2 0.71 
3 0.58 

4 0.50 
16 0.25 
n 1/√n 

 
We see that selection for two traits produces response 
in two traits, but only 0.71 as much response in each 
trait as if selection has been for that trait only. From 
this relationship we can conclude that: 
a) Selection for unimportant traits is harmful 
because it reduces progress in important traits. 
b) Primary emphasis should be placed on one or 
few traits which are economically important and have 
the capacity to respond 
c) Selection for unimportant traits should take 
the form of culling only extremely undesirable 
individuals so that the intensity of selection for 
important traits will be little affected. 
Of course- many traits are correlated (not 
independent)- but this alters above conclusions only 
by increasing the emphasis given to traits positively 
related to economically important traits and 
decreasing the emphasis on negatively related traits. 
The forgoing is not intended to argue that selection 
should be exclusively for one trait-but that selection 
should not be wasted on traits which are not heritable 
or which have low economic value. 
From the foregoing account it is clear that the method 
of index selection is most efficient, while the tandem 
method is the least efficient of the three. Progress by 
all the three methods is larger when the selection is 
intense but this increase is more rapid under the 
method of independent culling levels than in the other 
two. And for very intense selection the method of 
independent culling levels is almost as efficient as the 
index selection method. Moreover, as mentioned 
earlier, the method of independent culling levels has 
one practical advantage over the index selection in 
that culling may be done for each trait whenever that 
becomes evident, without waiting until all the traits 
can be  measured. 
Another important point to realise is that in all the 
three methods the effectiveness of selection varies in 
inverse fashion with the number of traits under 
selection. Accordingly, only those traits which are of 
real importance should receive attention in a selection 
programme. This as we have seen is because with the 
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addition of each trait the intensity of selection gets 
weakened for each of them and consequently less 
progress is made in the improvement of individual 
trait. 
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India is having 1,349,653,467 (1.34 billion) people and is 
the second most populous country in the world. India 
represents almost 17.85% of the world's population that 
means one out of six people on this planet live in India.  
With the population growth rate at 1.2%, India is 
predicted to have more than 1.53 billion people by the 
end of 2030 and will become the most populous country 
in the world. 
More than 50% of India's current population is below 
the age of 25 and over 65% below the age of 35. About 
72.2% of the population lives in some 638,000 villages 
and the rest 27.8% in about 5,480 towns and urban 
agglomerations. 
Poverty is an important issue in India, despite having 
one of the fastest growing economies in the world, 
clocked at a growth rate of 7.6% in 2015, and a 
sizable consumer economy. If current trends continue, 
India's share of world GDP will significantly increase 
from 7.3% in 2016 to 8.5% by 2020.  In 2012, the Indian 

government stated 22% of its population is below its 

official poverty limit.  

The number of operational holdings has been 
consistently increasing since the first Agriculture Census 
in 1970-71. The number of holdings, which was 71.0 

million in 1970-71 went up to 138.35 million in 2010-11. 
The operated area which was 162.3 million hectares in 

1970-71 came to 159.59 million hectares in 2010-11. 
The average size of holdings had shown a consistent 
decline over all the census periods. In 1970-71 it was 
2.28 hectares, which reduced to 1.15 hectares in 2010-
11.  
Under the above back drop of Indian population, 
economy and agriculture scenario of India, livestock 
particularly the small ruminants play a major role in 
livelihood improvements of landless poor and marginal 
farmers of all regions of the country. Small ruminants 
are associated with the rural poor. They play a big role in 
supporting the livelihood system of the poorest men and 
women livestock keepers, especially in the marginalised 
areas. But inspite of its contribution to the livestock 
economy and livelihood improvement, this sub-sector 
received very small attention in the country.  
In India, there are about 135 million goats and 65 million 
sheep. Inspite of heavy slaughter rate (27%) and inbuilt 
prejudice and biases, both goat and sheep populations 
in the country have been growing for the past few 
decades.  
19

th
. Livestock Census- 2012: 

 
Goats are widely distributed across all agro-climatic 
regions of the country. Their density is the highest in the 
irrigated ecosystem followed by hill and mountain 
ecosystem.  
Concentration of goats is mainly in the states of West 
Bengal, Rajasthan, UP, Maharashtra Bihar and Madhya 
Pradesh.  
Sheep population is generally found in the arid and 
semi-arid areas of Western India, Deccan Plateau and 
Western Himalayas. About 60% of sheep in the country 
are concentrated in five states, namely Andhra Pradesh, 
Rajasthan, Karnataka, Tamil Nadu, Jammu & Kashmir 
and Maharashtra. The small ruminants, particularly 
sheep are found associated mainly with pastoralists.  
Small ruminants make an important contribution to the 
sustenance of small and marginal landholders and 
landless rural people in India. They also make a 
substantial contribution (Rs 24,000 million per annum) 
to the rural economy. 
The demand for animal protein in India is increasing at a 
very faster rate. The annual meat production has 
increased from 4.6 million tonnes in 2009-10 to 6.2 
million tonnes in 2013-14 and the projection for 2020 is 
8 million tonnes.  At the national level, small ruminants 
account for 27% of the meat output, since 19 and 8 
percent of the total meat comes from the goat and 
sheep respectively in the country. But it receives only 
about 2.5% of the public spending on livestock sector, 
which is much less than the share of small ruminants in 
the value of output of the livestock sector.  
Small ruminant production, in the context of sustainable 
livelihood of the poorest is facing a number of grave 
problems in India. The important ones are: 

� Poor awareness regarding the importance of 
small ruminants in the livelihood system  

� Absence /lack of active rearer organizations 
� Pressure on fodder resource base  
� Inadequate veterinary health services 

Category 2007 2012 % 

chang

e 

Sheep    

• Exotic 

/Cross bred 

 Male 
 Female 
Total Exotic 

Crossbred 

• Indigenous 

    Male 
   Female 

Total 

Indigenous 

Total Sheep 

 
1,144 
2,586 
3,730 
 
16,730 
51,098 
67,828 
71,558 

 
1,207 
2,574 
3,781 
 
13,916 
47,372 
61,288 
65,069 

 
5.51 
-0.46 
1.37 
 
-16.82 
-7.29 
-9.64 
-9.07 

Goat    

 
 

Total Goat 

40,793 
99,744 
1,40,537 

37,617 
97,556 
1,35,17

3 

-7.79 
-2.19 
-3.82 
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� Lack of adequate focus on genetic 
improvement 

� Reduced access to credit and insurance 
� Lack of efficient marketing mechanisms 
� Poor inter-departmental coordination  

 
There are many critical issues that causes under 
development of small ruminant sector in India like 
inadequate veterinary health services, lack of adequate 

focus on genetic improvement, inefficient credit and 

insurance facility, lack of proper marketing 

mechanisms, etc but the most important issue is the 
provision for nutritious and balanced feed and fodder 
for optimum growth of the small ruminants. 
Since small ruminants are reared mainly on grazing and 
supplementation of essential micronutrients it is very 
much essential to develop and improve the grazing land 
and supply of high quality supplement for optimum 
growth and production. 
Sheep and goat rearing continues to be backward, since 
it is primarily in the hands of poor, landless or small and 
marginal fanners who raise their animals on natural 
vegetation and stubbles supplemented by tree loppings. 
Development of CPR and its Sustainable Management: 

Sheep and goats depend on meagre range and natural 
pastures and crop residues of relatively small tracts of 
irrigated lands which have in general been over-
exploited. These are dominated by extremely poor and 
generally annual grasses and shrubby vegetation. 
Sometimes due to erratic rains and the nature of the 
soils the natural potential of range and pasture land falls 
far short of the feeding and nutritional requirements of 
the animals. As a result there is variation in the 
availability of feeds and fodder it's nutritional value 
among different regions and among years and seasons.  
Nutrient contents of these feed resources are so low 
and unbalanced that the provision of complements is 
necessary for livestock maintenance and production. 
Concentrate feeds (e.g. barley, maize, soybean meal, 
etc.) are commonly used to tackle this objective. 
However, the impact of such supplementation strategy 
on livestock performances is often unsatisfactory and 
too expensive for smallholders. 
Vegetation management: 

Various methods are employed in order to improve 
quality forage availability, seasonally or year around, 
from natural vegetation. Fencing is one of the most 
important methods that  restrict the access on forage 
resources in a particular field. For fencing to be 
effective, the approximate carrying capacities of the 
land during the different periods of the year need to be 
calculated to prevent overgrazing. Thinning of 
vegetation, particularly removing undesirable species, 
gives the opportunity for the beneficial species to 
prosper, providing there is a sufficient rest period for 
them to growth back after grazing.  
Shrub mixing technique –  
Most fodder shrubs and trees are either low in essential 
nutrients (energy and/or digestible nitrogen) or high in 
some secondary compounds (e.g. saponins, tannins, 
oxalates). These characteristics explain the low nutritive 
value of these fodder resources and the low 

performances of animals. This technique permits to 
balance the diet for nutrients and to dilute the adverse 
effects of secondary compounds and the excess of 
minerals, like salt.  
Feed Supplementation: 

Strategic supplementation.  

Most natural ecosystems suitable for small ruminant 
rearing provide almost all nutrients in sufficient amount 
to meet their need. However certain minerals  both 
macro and micro are need to be supplemented like 
Calcium, Phosphorous, Sulphur, Sodium, Zinc, Copper, 
Manganese, Cobalt, Iodine etc. Sulphur is usually the 
next limiting mineral after nitrogen, for proper rumen 
functioning. .  
When natural vegetation is of poor quality particularly 
with low protein content, supplementation of extra 
nitrogen for optimum rumen functioning is required 
since for adequate digestion of the basal feed, rumen 
microbes need to have enough nitrogen. The most 
common way to provide nitrogen, energy and essential 
minerals to the animals is in the form of UMMB (Urea 
molasses mineral block).  
Crop-residue based diets. Feeding small ruminants with 
agricultural residues has been practiced in many places 
and is very important  when crop residues are of high 
nutritive value. like ground nut haulms or mulberry 
refusals for silkworm rearing for example, there is no 
need for any other diet supplements. But if the main 
diet component is a lower quality cereal straw, then a 
nitrogen source is required for proper rumen 
functioning. Unless the straw has been ammoniated 
(with urea, ammonia gas or ammonium bicarbonate) 
when there is no need for extra nitrogen and only a 
source of by-pass nutrients (energy and/or protein) is 
used to boost animal performance.  
Agro-industrial by-products based diets. When a variety 
of agro-industrial by-products, grains and some crop 
residues are available, then the diets for small ruminants 
can be specifically designed to meet nutrient 
requirements. 
Selection of a carbohydrate-rich resource, the most 
abundant and/or inexpensive feedstuff, locally available 
and suitable for small ruminants is required along with 
provision of enough fermentable nitrogen (via urea or 
ammonia) to reach 2.5- 3.0% of nitrogen in the diet.   
Cactus, a promising shrub species –  

 
Against the backdrop of ongoing climate change, 
frequent and long droughts, and land degradation, 
cactus has a special place in future sustainable food 
production systems in dry areas. Among various cacti, 
cactus pear (Opuntia ficus-indica) has drawn extensive 
attention because of its multi-uses and being free of 
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spines (thorns). Furthermore, it is highly resilient, and 
has high water use efficiency and capability to grow in 
poor and degraded soils where other plants fail to grow. 
Mexico is considered as the centre of cactus origin. 
Cactus is vegetatively propagated and cladodes are used 
for this purpose. This method of propagation preserves 
the genetic characteristics of the plant. 
The popularity of cactus (Opuntia spp.) as a feed in 
numerous dry areas is increasing. Characterised by a 
remarkable tolerance to drought conditions, high water 
use efficiency, a rapid dissemination and growth, a high 
biomass yield and a multipurpose use, cactus is a 
promising range species that can promote livestock 
sector in dry areas and improve farmers' income. Cactus 
cladodes are high in soluble carbohydrates, calcium and 
â-carotene but they are low in fibre and CP . Therefore, 
the association of fibre and protein sources to cactus is 
recommended. The following approaches have been 
tested for increasing nitrogen content of cactus 
cladodes: 
Cactus could be used in sheep and goat feeding as 

fresh, dried or ensiled material: 

Cactus cladodes are fed mostly as fresh to cows, sheep, 
goats and dromedaries. In order to avoid material loss, it 
is recommended to cut cladodes into small slices (using 
knives or electric choppers) before offering to animals. 
Cactus cladodes could be dried then ground, and the 
meal obtained used as a supplement feed for animals. 
 

 
 
 
  
 

 


