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Abstract

This study was conducted to investigate the phenotypic, production and reproduction potentials of indigenous sheep of
Bangladesh. Data were collected from six different geographic locations that covered twelve upazila from eight districts.
Information were collected from 503 individuals using a structured questionnaire through personal interaction, on spot
recording and phenotypic measurements from different age groups during the period of October 2015 to February 2017.
The predominant coat color was found as creamy or whitish in the studied flocks that ranged from 34% to 89% of the total
population with mean a of 62%. The average mature live weight of rams and ewes were 17.90£91 and 15.07%+0.11 kg,
respectively. The morphometric features like wither height, chest girth, body length, head length, ear length, tail length,
scrotal length and scrotal circumference were 58.47£0.75, 68.59+0.74, 58.88£0.83, 16.15+0.24, 11.23£0.32, 10.83%+0.23,
10.23%0.20 and 16.33%0.18 cm in rams and that of 49.02£0.28, 59.77+0.27, 49.08 +=0.30, 15.04=%0.12, 8.63%+0.17 and
10.55£0.15 cm in ewes, respectively. The mean birth weight, weaning weight and six months weight were 1.04%0.01,
5.40%0.08, 8.36+0.11 kg, respectively. The average age at first lambing, lambing interval, post-partum heat period, litter
size, service per conception and age at culling were 12.81%0.06 month, 179.68+1.06 and 41.37+0.58 days, 1.9940.02 and
1.18%+0.01 and 3.84+0.08 years respectively. All these production and reproduction traits varied significantly among the
studied locations except S/C. In conclusion, this study provided some baseline information on indigenous sheep genetic
resources of Bangladesh that could be utilized in planning future conservation and genetic improvement scheme.
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Introduction

Livestock is an integrated component of agro-based farming in Bangladesh that contributes 2.5 percent of
the national GDP in the FY 2016-17 (BER, 2017). About 15.4 percent of the total protein consumed comes from
livestock products, which increased by 4.3 percent during the period between 1990 and 2008 (FAO, 2010).
Importantly, about 50 percent of the total population in Bangladesh receive indirect benefits from livestock

for their livelihoods (DLS, 2016). Sheep stand third in number among the ruminant species in Bangladesh and
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are used primarily for meat production. The size of sheep population in the country is estimated to be 3.22
million (BER, 2016). Most of them are non-descript indigenous type with few crossbreds and have relatively
better resistant to parasitic diseases (Bhuiyan, 2006). Indigenous sheep of Bangladesh are sparsely distributed
throughout country with a relatively higher concentration in several agro-ecological zones; coastal regions,
barind tracts, north-eastern wetlands, sundarban-delta regions and Jamuna river basin areas (Pervage et al,,
2009). Sheep are well adapted to hot and humid agro-climatic conditions, capable of lambing twice a year each
with multiple births (Hassan and Talukder, 2011). They are efficient users of low quality roughages and also
can utilize efficiently stubbles of cultivated crops, tree toppings, farm waste, small vegetation in harvested
fields or fallow lands, roads and canal side grasses, and even graze on aquatic weeds and grass in knee-deep
water which makes them suitable for swampy habitat as well as in coastal regions (Banerjee et al,, 2010).
Apart from the non-descript indigenous, a well-recognized sheep breed ‘Garole’is prevalent in and around
the districts adjoining the Sunderban delta region of Bangladesh and in the state of West Bengal (Singh and
Bohra 1996; Sharma et al,, 1999; Sahana et al, 2001). Garole is considered as a reservoir of the Booroola gene
(FecB gene)which is responsible for the high prolificacy in sheep (Ghalsasi and Nimbkar, 1993). The prolificacy
attributes were introduced into Australian Merino in early 20th century to improve the number of births and
developed CSIRO Booroola Merino (Piper and Bindon, 1996). The importance of Garole sheep is well
recognized by the rural villagers of south-western part of Bangladesh for their sustenance in coastal regions.
In fact, indigenous sheep are less cared animals in Bangladesh and have been reared under traditional
husbandry practices by rural people. This valuable germplasm is still being neglected and very little attention
has been paid until to date for their improvement. Indigenous non-descript sheep of Bangladesh is a valuable
genetic resource, especially in their contribution to the overall genetic diversity and their stable production
under rural condition even with changing climate. Quite recently, community managed sheep breeding
program has been implemented by government institutes (Department of Livestock services, DLS and
Bangladesh Livestock Research Institute, BLRI) for their genetic improvements in some sheep potentials
areas of Bangladesh (Bhuiyan et al, 2017). As initial step of the said breeding program, information was
collected to know the prevailing sheep production systems and their genetic potentials. Thus, this study was
conducted to investigate on morphology, morphometric characteristics, productive and reproductive

potential of indigenous sheep of Bangladesh.

Materials and Methods

Investigations were carried out in six different geographic locations of Bangladesh namely Haor region-1,
Jamuna river basin-2, Coastal rgion-3, Barind tract4, Northeastern barind tract-5 and Mangrove forest
region-6, which included thirteen upazilas from eight districts. Details on geographic locations (latitudes and
longitudes), including respective upazilas and distracts are presented in Table 1. These six regions were
selected due to have better concentration of indigenous sheep as well as to have representation of total
geographic scenarios of the country. A semi structured questionnaire was prepared for this purpose. Data

were collected from the farmers’ flock either in consultation with farm owners, visual estimation and on-spot
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Table 1. Geographical and topographical features of the experimental area

District  Name of Upazila HS L*I‘t't“?le ang AFZ AT'(0) AAR'(mm) RH'(%) MHSI?
ongitude
Sylhet S. Sadar 25 2436't0 2511 .
g .. H 1 7.7 - 36. 080 1.2 - 82.
Balagan 40 9138 109230 aor region (1) 36.8 308 6 82.3 9
Tangail  T.sadar 40  2401't02447  Jamuna river
o o . 10.13- 38.33 1830 74 13
Vhuapur 40 8944't09018 basin (2)
Noakhali 40 07 08
cakhall  Subarnochar 2207102308 * o il region (3) 195-40.6 3302 675-875 5
Companiganj 53 9053 t09127
Noagaon  N. Sadar 40 2432102513 .
N .. Barind tract (4 11.2-37.8 1862 65— 81 18
Mohadebpur 40 8813t08910 o maAc @
Gaibandha G. Sadar 40 2502102539 North eastern
o o . 11.2-32.3 2931 78.4 27
Gobindoganj 40 8911't08946  barind tract (5)
Bagherhat Mongla 42 2212t02359 Mangrove forest 12.0 - 24.2 1947 62-93 3
Khulna  Dakop 38 8914108945 region (6) 21.8-311 1623 60 - 89 5
Satkhira Shamnagar 25 8.6-24.8 1374 40 - 80 4

1= Bangladesh Bureau of Statistics, BBS; 2=Topographic map Bangladesh: topographic-map.com, HS= Household
surveyed; AEZ = Agroecological zone; AT= Annual minimum maximum temperature; AAR= Annual average rainfall;
RH= Relative humidity; MHSL= Mean height from sea level

recording. Data were recorded on three to four unrelated individuals from each flock on traits related to
morphometry and growth production and reproduction. The morphometric characteristics of both sexes
were measured using the weighing balance and measuring tape from adult animals only, with age varied
between 1.5 to 3 years. The studied traits were body length (BL), chest girth (CG), wither height (WH), head
length (HL), ear length (EL), tail length(TL), scrotal length (SL) and scrotal circumference (SC). The following
productive and reproductive traits were included such as lamb birth weight (BWT), weaning weight (WWT),
six months weight (SMWT), mature live weight (MLWT), age at first lambing (AFL), lambing interval (LI),
postpartum heat period (PPHP), liter size (LS), service per conception (S/C) and age at culling (AC). The age of
the animals was recorded based on dentition pattern aswell as farmer’s information. In addition, reproductive

parameters were determined mostly on the basis of farmers recalled and on spot observation of the animals.

Statistical analysis

The collected data were checked, compiled and screened for outlier observation those didn’t within the
range of Mean +3SD. Then screened data were processed for statistical analysis using SAS (version 9.3.1). The
mean=SE has been calculated for morphometric, productive and reproductive performance of rams and
ewes in relation to location and management. In case of significant independent variable, the differences
among the treatment means were examined by using Duncan Multiple Range Test (DMRT) using the same
software. The data on studied traits were analyzed using the following statistical model

Ylyfﬂ‘*Lﬁ%JfMﬁ €

Where, Y, is the observed value of a trait, i is the population mean, L; is the effect of location (i=1to 6), Sj
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is the effect of sex (j=1 and 2, male = 1, 2 = female), M, _is the effect of management (k =1 and 2; 1 = semi-
intensive and 2 = intensive) and e, = random error associated with Y;, observation with mean zero and

common variance (02).

Results and discussion
Coat colors

The coat color distribution observed in indigenous sheep of Bangladesh in six different locations are shown
in Figure 1 and 2. Of different coat colors, cream or whitish color was observed most frequent in each location

that ranging from 349% to 89% of the total population with mean of 62%. The highest proportion of dark brown

Figure 1. Photograph of indigenous sheep genetic resources of Bangladesh
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Figure 2. Coat color distribution in indigenous sheep of Bangladesh
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coat color (47%) was observed in Sylhet district (Haor region) and lesser extent in other geographic regions
ranging between (0 to 16%). However, mixed coat colors are the highest (56%) in Mangrove forest region
followed by cream or white, These results are in consonance with the findings of Tsunoda et al.(1984), Rahman
(1988), Pervage et al.(2009), and Hassan and Talukder (2011) for indigenous sheep of Bangladesh. Pervage et al.
(2009) reported that coat colors of sheep of coastal region were mostly white or light to deep brown but sheep
of Jamuna region and Barind tract were either whitish, brown, blackish-red and black or white mixed. The
difference in coat color distribution between current and previous studies might be due to sampling locations,

sample size and unplanned mating in the studied population.

Morphometric features
The morphometric features of indigenous rams and ewes are shown in Table 2 and 3, respectively. The
average mature live weights (MLW) of rams and ewes were 17.90 £0.23 and 15.0740.11 kg, respectively and

differed significantly (P<0.001) among the considered locations for both sexes. The lowest MLW was observed

Table 2. Morphometric measurements (Mean = SE) of indigenous rams of different geographic locations in
Bangladesh

AEZ

Parameter Overall mean Significance level
1 2 3 4 5 6
Mature live weight (kg) 17.90 +0.23 (138) 16.56™ +0.46 (33) 17.84™°+0.29 (19) 19.19" +0.42 (53) 16.85™ +0.83 (05) 18.58+0.36 (13) 16.19° +0.39 (15) ok
Wither height (cm) 58474 0.75(132) 55.50° £1.02 (30) 54.83°+0.66 (18)  66.12* £0.98 (52) 54.37° £1.41 (06) 53.33° +£1.41 (12) 50.92° £1.19 (14) ok
Chest girth (cm) 68.59 £0.74 (132) 6517 £1.27 (30) 62.78""+1.35(18) 76.08" £0.87 (52) 59.58" £0.92 (06) 67.25" +0.49 (12) 60.64“'0.10 (14) ok
Body length (cm) 58.88 +0.83 (132) 62.32°+220(30) 53.66°+0.88 (18)  65.78" +0.59 (52) 48.70° +1.35 (06) 48.41° +3.46 (12) 50.57° +0.59 (14) ok
Head length (cm) 1615 +0.24 (132) 13.60" +0.48 (30)  17.38°+0.63 (52) 16.63* +0.26 (52) 15.33+0.56 (06) 19.08" +0.72 (12) 15.64™+0.74 (14) i
Ear length (cm) 1123 +0.32 (131)  8.82°+031(29) 12724036 (18)  13.62'+0.49 (52)  8.35°+1.61(06) 11.50° +0.42 (12) 6.46° +0.72 (14) ok
Tail length (cm) 10.83 £0.23(132)  8.50° £0.21 (30)  12.38°+0.35(18)  11.92°+0.34(52)  14.03°+0.48 (06) 10.08° +0.92 (12) 9.07° +0.39 (14) ok
Scrotal length (cm) 10.23 £0.20 (132)  07.52°+0.29 (30)  08.75°+0.19 (18)  11.35°+0.20 (52)  11.03°+0.71 (06) 13.67° +0.40 (12) 10.50° +0.27 (14) ok
Scrotal circumference(cm) 1633 £0.18 (132) 15524022 (30) 16.72*+0.42 (18) 1677036 (52)  14.78°+0.55(06) 17.75'+0.28 (12) 15.43*+0.28 (14) ok

Mean values having different superscripts with a, b, ¢ and d in the same row differ significantly. Values in the parentheses represent the number of observations in each location.

Table 3. Morphometrical measurements (Mean = SE) of indigenous ewes of different geographic locations in
Bangladesh

Overall AEZ Significance
R mean 1 2 3 4 5 6 level
Mature live  15.07 0.11 14.51° 2020 14.62°4+0.11 16.16° +0.51 15.95* +0.27 15.77* =0.22 13.88> +-0.15 o
weight (kg) (373) (32) (61) (38) (74) 67) (91)
Wither 49.02 +0.28 53.48 +0.83 50.83™ 1-0.35 51.45" £0.81 47.52¢ +49 45.72°+0.99 48.79%+0.35 o
height (cm) (371) (35) (60) 42) (74) (66) (1)
Chestgirth 5977 +0.27 64.31° +£1.21 5846 +0.61 62.6° +1.01 57.72° +0.32 61.63° +0.45 57.92° +0.46 ook
(cm) (371) (35) (60) 42 (74) (66) (1)
Body length 49.08 +0.30 49.78" +1.24 48.45™ +0.62 53.97° £0.90 46.38° +0.42 48.57° £0.93 49.56" +0.46 .
(cm) (371) (35) (60) (42) (74) (66) 91)
Head length 15.04 £0.12 13.61" +0.43 14.56™ +0.33 15.09"+0.29 15.01° £0.24 17.62* +0.25 14.07° +0.19 -
(cm) (369) (34) (60) (42) (74) (66) 1)
Earlength  8.63+0.17 845°+0.37 9.96* +0.37 9.66° £0.39 8.19" £0.60 10.01* £0.16 6.62°+0.26 o
(cm) (370) (34) (60) 42) (74) (66) (1)
Taillength 10,55 +0.15 8.68" +0.21 11.65+0.34 11.02° +0.41 13.58" +0.16 10.34° +0.30 8.179+0.25 Sk
(cm) (368) (33) (60) 2) (74) (66) 1)

Mean values having different superscripts with a, b, ¢ and d in the same row differ significantly. Values in the
parentheses represent the number of observations in each location.
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in the sheep population of mangrove forest area known as Garole which is familiar for smaller body size with
higher prolificacy in Bangladesh. This result is agreed with the previous findings of Hasanath (1980), Pervage
et al. (2009) in indigenous sheep of Bangladesh as well as Banerjee (2015) in the Bengal sheep of West Bengal
inIndia. The WH ranged from 50.92 +1.19t0 66.12+-0.98 cm with mean of 58.47 cm in rams and were 45.72+0.99
to 53.48+0.83 cm with an average of 49.02+0.28 cm in ewes. The WH had significant differences across the
locations. This finding is supported by the previous results of Pervage et al. (2009) and Hassan and Talukder
(2011). They reported that the WH of native sheep of Bangladesh ranged between 60 to 70 cm.

The lowest chest girth (CG) was observed in the sheep of Mangrove forest region while the highest value
was found in coastal areas sheep. There was significant variation among the considered locations in both
sexes for this trait. However, the lowest CG of rams was found in the barind sheep population among the
considered locations. Pervage et al. (2009) found the CG in BLRI, Jamuna, Barind and Coastal sheep to be 67.73,
58.57,60.20 and 67.50 cm respectively and are within the range of the present study. The body lengths (BL) of
rams were observed as 48.41, 48.70, 50.57, 53.66, 62.32 and 65.78 cm in locations 5, 4, 6, 2, 3 and 1, respectively
and the values were 46.38, 48.45, 48.57, 49.56, 49.78 and 53.97 cm in ewes for the locations 4, 2, 5, 6,1 and 3.
Hassan and Talukder (2011) found the BL in Jamuna river basin, Barind and Coastal regions sheep 41.5, 434
and 459 cm, respectively. The head length (HL) had significant variation in both male and female population
in the studied locations. The mean HL were 16.1540.24 and 15.04+0.12 cm in rams and ewes whereas the
highest value (19.0440.72 cm) possessed by the rams of north eastern barind tract. The ear lengths (ER) of
indigenous sheep varied significantly among the six studied populations both in male and female which
ranged from 6.46+0.72 to 13.62+0.49 cm with a mean 11.23+0.32 cm. The highest ear length was observed in
Coastal sheep and was lowest in mangrove forest areas; where has prevailing of Garole sheep those bear
vestigial ears. Similar observations were reported by Bose et al. (1999), Banerjee and Banerjee (2000), and
Banerjee (2003) in Garole sheep of West Bengal in India. Small or rudimentary ear is the characteristics feature
of Garole sheep and our results are in consistent with the previous findings. Present result is also agreed with
the findings of Tsunoda et al. (1988) and Pervage et al.(2009). The indigenous sheep of Bangladesh is short and
thin tailed type, having tail length of 8.17+0.25 to 13.584-0.16 cm with mean 10.55+0.15 cm and 8.50+0.23 to
14.03+0.48 cm with mean 10.83+0.23 cm for both in ewes and rams. Location had insignificant effects on tail
length for both sexes. The result of tail length is in close agreement with Hassan and Talukdar (2011) for
indigenous sheep of Bangladesh and with Banerjee (2003) for Garole sheep of West Bengal in India. Scrotal
length (SL) and scrotal circumference (SC) have significant effect in volume of semen production. The SL
mean was found 10.234+0.20 cm having highest (13.67£0.40 cm) value in the rams of north eastern barind
tract and that of lowest (7.52+0.29 cm) was in hoar area rams. Present finding are in accordance with Hassan
and Talukder (2011) in native sheep of Bangladesh who reported the testis length to be 10.7,11.0 and 10.7 cm

in Jamuna river basin, Barind and Coastal region respectively.

Productive and reproductive performance of indigenous sheep

Results on productive and reproductive performances of indigenous sheep of Bangladesh are presented in
Table 4. All considered productive and reproductive traits were found significant (P<0.001) across locations
except the trait S/C. The mean BWT, WWT and SMWT of coastal sheep were 1.16+0.01, 6.631+0.22 and

112 - Journal of Animal Breeding and Genomics Vol. 2, No. 2, 2018



Morphometric Features, Production and Reproduction Potentials of Indigenous Sheep Genetic Resources of Bangladesh

Table 4. Productive and reproductive performances (mean % SE) of indigenous sheep across different locations in
Bangladesh

Name of Overall AEZ Significance

traits mean 1 2 3 4 5 6 level

Birth 1044001 075'+0.01 1.03°£0.01 1.16'+0.01 092°+0.01 1.06°+£0.02 0977002 4

weight (kg) (285) (19) (78) (90) (34) (46) (18)

Weaning 540 £0.08 4.19°40.09 561°+0.06 6.63'+0.22 413'+£0.07 4.82°+0.06 553" +0.12 e

weight (kg)  (344) (26) (79) (1) (48) (71) (30)

Six months 8.36 £0.11  7.22°+0.13  8.52°+0.07 10.37°+0.26 5.73'+0.10 8.39°+0.10 8.33"+0.12 x

weight (kg) (366) (35) (79) (92) (61) (75) (25)

ﬁﬁ&trg“ 12.81 +0.06 1340°£0.17 13.56°+£0.13 13.33*+0.09 12.05 +0.06 1248°+0.12 12.26® +0.11

(month) (488) (65) (75) (77) (79) (80) (105)

Litter size 199 £0.02  1.62°+0.06 240° £0.06 1.42°+0.05 2.11°+0.03 1.90°+0.05 2.36"+0.05 .

(no) (493) (65) (76) (83) (78) (80) (105)

ﬁlag:rgﬁg 179.68 +1.06 179.61° +0.82 177.87° 4-0.79 159.52° +-1.38 162.19° +0.95 196.44° +-1.46 194.56° +1.61 o,

(461) (65) (75) (69) (57) (76) (105)

(day)

Egipaﬁ)rg 41.37 £0.58 4692 +0.72 37.26°+1.52 41.44" +0.99 49.11°+1.57 2638 +1.18 45.74° +0.80 ..,
P (499) (65) (75) (89) (79) (80) (105)

(day)

ggxge&i 118 4001 1194004 1164004 1204004 1.22+0.04 112003 1.10 +0.80 NS

ooy (464) (64 (76) (75) (76) (73) (106)

?Eﬁiit 3.844+0.08 2.81°+0.08 3.32°+0.20 3.55°+0.08 3.16*+0.08 5.21°+0.32 4.57°+0.20 .

(year)g (453) (54) (73) (73) (72) (69) (102)

NS= Not significant; Mean values having different superscripts with a, b, ¢, d and e in the same row differ significantly.
Values in the parentheses represent the number of observations in each location.

10.3740.26 kg respectively and that of were 0.75+0.01, 4.194-0.09 and 7.22+0.13 kg respectively in Haor area
sheep. The highest BWT, WWT and SMWT were found in coastal sheep population while the lowest values
were observed in the sheep of haor areas. This result is in accordance with the findings of Amin and Husain
(2003) and Pervage et al. (2009) who reported birth weight of native sheep were 1.38 and 1.2 kg respectively.
Pervage et al. (2009) reported that the weaning weight of BLRI, Jamuna, Barind and Coastal areas sheep were
6.74,5.74,5.70 and 5.89 kg respectively, which is closely associated with the present findings. The Mean age at
firstlambing (AFL) was found 12.81+ 0.06 months which ranging between 12.05+0.06 and 13.56 +0.13 months
among the sheep populations. Moreover, the lowest AFL (12.054-0.06 months) was found in Barind sheep. The
present findings on AFL across the populations are in agreement with the results of Hassan and Talukder
(2011) who reported the average age at first lambing ranged between 389.9443.0 and 439.5458.3 days. In
contrast, Pervage et al. (2009) and Banerjee (2015) reported higher values than that of present results in
Indigenous sheep. This difference might be associated with nutritional status, sampling location, sample size
and other management factors. Sarder et al. (2015) reported that age at first lambing were 3714+9.0 days in
sheep of Barind tract region that also are close to our findings. The trait litter size (LS) was higher in mangrove
forest area having the value of 2.36+0.05 and was lower (1.42+0.05) in sheep of Coastal area in Noakhali
district. Result of LS in this study is consistent with Sarder et al. (2015), Hassan and Talukder (2011). They
reported that LS of indigenous sheep of Bangladesh varied between 1.610.2 to 1.904-0.44. In contrast, Pervage
etal.(2009) found relatively lower LS compared to our findings. The highest lambing interval (LI) was observed
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in location 5 (196.45 days) and the lowest (159.56 days) was observed in the sheep of coastal areas. This result
is similar with findings of Pervage et al. (2009), Hassan and Talukder (2011). Pervage et al. (2009) who reported
that LI of sheep of BLRI, Jamuna, Barind and Coastal region to be 192.1744.36,221.13+4.97, 228.5745.34 and
214.32£4.63 days respectively. The S/C of the present study was 1.19£0.04 and is lower than that of Sultana et
al.(2011) but similar with Khan (1989). Furthermore, S/C showed nonsignificant (P>0.05) difference among the
sheep populations of studied locations. The highest age at culling (AC) was found (5.2140.32 years) in the
sheep reared in north eastern barind tract while the lowest AC was observed in the sheep of haor region
(2.81£0.08 years). The trait AC differed significantly (P<0.01) over the considered locations. Our study depicted

that the culling decision made by farm owners varied greatly from location to location.

Conclusion

The present study indicates that indigenous sheep of Bangladesh have notable differences in terms of
morphology, production and reproduction capabilities among the geographic locations. The sheep of
mangrove region had better prolificacy. However, better growth rate was found in coastal sheep having
mostly single birth. In conclusion, this study provided some basic information and important insights on
potentialities of Indigenous sheep genetic resources of Bangladesh that could be utilized in planning future

national sheep conservation and breeding scheme.

ACKNOWLEDGEMENTS

This work was funded by Conservation and Improvement of Native Sheep Through Community and
Commercial Farming (Component- A) 2" Phase project, Bangladesh Livestock Research Institute, Savar,
Dhaka, Bangladesh. The authors wish to thanks the farmers for their cordial help and cooperation during the

investigation in the field.

REFERENCES

Banerjee S (2003) Studies on some economic traits of Garole sheep of West Bengal. Department of Animal
Science, Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India. (PhD thesis).

Banerjee S, Galloway SM and Davis GH (2011) Distribution of prolific Garole sheep in west Bengal, India.
Anim. Genet. Resour. 48: 29-35.

Bangladesh Economic Review (2016) Finance Division, ministry of Finance. Government of the people’s
Republic of Bangladesh.

Bhuiyan MSA, Bhuiyan AKFH, Lee JH and Lee SH (2017) Community based livestock breeding in Bangladesh:
Present status and challenges. J. Anim. Breed. Genom. 1:77-84.

Bhuiyan AKFH (2006) Livestock Genetic Resources in Bangladesh: Preservation and Management.
International Conference on Livestock services, Chinese Accademy of Agricultural Science (CAAS), Beijing,
China, April 16-20.

Bose S, Duttagupta R, and Mitra DN (1999) Phenotypic characterization and management practices of

114 - Journal of Animal Breeding and Genomics Vol. 2, No. 2, 2018



Morphometric Features, Production and Reproduction Potentials of Indigenous Sheep Genetic Resources of Bangladesh

Bengal sheep. Indian J. Small Ruminants. 15:18-22.

Davis GH, Galloway SM, Ross IK, Gregan SM, Ward J, Nimbkar BV, Ghalsasi PM, Nimbkar C, Gray GD,
Subandriyo, Inounu |, Hanrahan JP, Bradford GE and Wilson T (2002) DNA tests in prolific sheep from
eight countries provide new evidence on origin of Booroola (FecB) mutation. Biol. Reprod. 66: 1869-1874.

DLS (2016) Annual report. Department of Livestock Services, Ministry of fisheries and Livestock, Government
of the people’s republic of Bangladesh.

FAO (2010) Food Security Indicators: Bangladesh. FAO STAT data, Rome, Italy.

Ghalsasi PM and Nimbkar BV (1993) The Garole- microsheep of Bengal. India. Anim. Genet. Resour. Inf.
12:73-79.

Hasanath MA (1980) Proceedings of SABRAO Workshop on Animal Genetic Resources in Asia and Oceania.
Tropical Agriculture Research Centre, Japan, pp: 415-422.

Hassan MR and Talukder MAI (2011) Comparative performance of different regional native sheep of
Bangladesh. The Bang. Vet. 28:85-94.

Husain SS and Amin MR (2003) Genetic resource conservation and utilization: Participatory maintenance of
animal genetics resource at rural level in Bangladesh. Paper presented Genetic resource conservation,
Bangladesh Livestock Research Institute, Savar, Dhaka, Bangladesh.

Khan WM (1989) M.Sc. Thesis, College of vet. Science Lahore, University of Agriculture, Faisalabad.

Pervage S, Ershaduzzaman M, Talukder MAI, Hasan MN and Khandoker, MAMY (2009) Phenotypic
characteristics of indigenous sheep of Bangladesh. Bang. J. Anim. Sci. 38: 1-6.

Piper LR and Bindon BM (1996) The boroola Merino. In prolific sheep, Fahmy MH (Eds.), CAB International,
Wallingford, United Kingdom. pp. 152-160.

Rahman MM (1989) Sheep production and development in Bangladesh. In: Sheep production in Asia.
Proc. of the Workshop on Sheep Production in Asia. PCARRD, Los Banos, Laguna, the Philipines, ed. C.
Davendra and PS Fylon IDRC. pp. 81-95.

Sadullah M (1991) Research and Development activities and Needs of Small Ruminant in Bangladesh. In:
Small Ruminant Production Systems Network for Asia (SRUPNA), Series: 1. pp. 3-9.

Sadullah M (2000) Animal based smallholding farms in developing countries with special reference to
Bangladesh. J. Int. Dev. Cooperation 6:23-33

Sahana G, Gupta SC, Nivsarkar AE (2001) Garole: The prolific sheep of India. Anim. Genet. Res. Inf. 31:55-63.

Salim HM, Sahajalal M, Tareque AMM, Kabir F (2002) Effect of concentrate supplementation on growth and
reproductive performance of female sheep and goats under grazing condition. Pak. J. Nutr. 1:91-193.

Sarder MJU, Islam MH, Moni MIZ, Jahan SS, Akter S and Uddin J (2015) Reproductive and productive
performance of sheep of Rajshahi, Bangladesh inside about effects of genotype and parity. Bang. Livest.
J. 1:131-34.

Sharma RC, Arora AL, Narula HK, Singh RN (1999) Characteristics of Garole Sheep in India. Anim. Genet. Res.
Inf. 26:57-64.

Singh RN and Bohra SDJ (1996) Garole sheep a prolific Bengal breed of sheep known as Garole. Indian J.
Small Ruminants 2:38-42.

Journal of Animal Breeding and Genomics Vol. 2, No. 2, 2018 - 115



