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PREFACE

| am indeed honoured in welcoming you all at Thrissur, the cuitural capital of Kerala, India for the Fourth

World Waterfow! Conference on ‘Waterfowl Production for Food Security' being organized from 11% to 13"

November 2009. | would also like to express my happiness that the World’s Poultry Science Association under the
auspices of Asia Pacific Federation of WPSA has chosen India as the venue for this important Conference.

The theme of the conference was chosen to highlight the importance of waterfowl in food security in the
changing scenario. This conference addresses research, new developments and experience related to waterfowl.
The WPSA (India Branch) and Kerala Agricultural University are setting a plattorm for effective interactions and
_exchange of knowledge on recent tenets amongst scientists, academicians, industry and the farming community. In
the present context of agriculture and the problems faced-by duck farmers, the topic of the conference is timely and
appropriate in quest of enhanced duck production not only for lush productivity but also improvement in
sustainability, stability and lastly quality and value addition. .

On behalf of the Organising Committee, it is my pleasure to present before you the compendium of the
Fourth World Waterfow! Conference. The contributions presented in this volume consist of Theme and Lead papers,
Full articles and Abstracts accepted for presentation at the conference submitted from 15 countries. Given the time
limit for editing, all submissions were just corrected for typographical errors. This comperidium probably would be the
first of its kind featuring all aspects of waterfowl production and research. The coverage of the contributions is very
wide, which is one of the distinguishing features of this conference. This volume also contains lead papers by
prominent subject matter experts in different arenas of waterfowl research.

The major areas covered at the conference and presented in this volume include: (1) Genetic Resources
and Breeding, {2) Nutrition, Physiology and Reproduction, (3) Production Systems, {4) Housing and Management,
(5) Biosecurity, Diseases and Welfare and (6) Product Processing, Quality and Food Safety.

_ [ sincerely hope that the deliberations made in the scientific congregation would yield meaningful
suggestions/ recommendations leading to further strengthening of waterfow! production. In closing, we would like to
thank all authors for submitting their work and all members of the organizing committee, scientific committee, and
conference committee for their co-operation. My sincere thanks are due to Sri. K.R. Viswambharan, Vice Chancellor,
KAU, Dr. AL. Bhagwat, Secretary, WPSA- India Branch, Dr. Roel Mulder, General secretary, WPSA, Dr. Alan
Gibbins, President, Asia Pacific Federation of WPSA and Dr. Gerard Guy, Director, INRA without the unstinted
support of whom an event of this scale would not have possible. :

Prof, A. Jalaludeen
Organizing Secretary
IV World Waterfow! Conference 2009
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WATERFOWL PRODUCTION FOR FOOD SECURITY.

H. Pingel

Institute of Agricultural Science, University of Halle (Saale), Theodor Lieser Street 11, 06120 Halle
(Saale), Germany

Heinz.pingel@landw.uni-halle.de

The production of waterfowl can contribute to the improvement of the nutritional standards of the
human population. Feed for waterfowl] is not commonly used for human consumption and there is no
strong competition between waterfowl and human nutrition.

In comparison with chicken ducks and geese play a minor role in production of meat and egg. But
in certain parts of the world significant amounts of meat and eggs are produced from ducks and geese and
there was a sharp rise in waterfowl production in the last decades. Duck meat production was increased
from 1991 with 1.3 million tons to 3.6 million tons in 2007; geese meat output was 0.76 million tons in
1991 and 2.2 million tons in 2007, both together makes 6.6 % of total poultry meat. The biggest duck and
goose producer is China with 65 % and 94 % of the world production. Duck egg consumption has a long
tradition in China and South-East Asia with 10-30 % of total egg consumption. Waterfowl is also widely
used as source for feathers and downs. '

Large-scale production of ducks and geese need more efforts for higher efficiency and for
improving product quality by breeding, nutrition and management according to the requirements of
animal welfare and environment protection. Family poultry farmers (small-scale production) with low
levels of inputs (housings, feeds, breeds, vaccines, drugs, equipment and timefattention) contribute
significantly to food security, poverty alleviation and the ecologically sound management of natural
resources. They should have more access to improved birds, appropriate technologies and support
services, which could substantially improve productivity, income and food security. Efficient waterfowl
farming requires such conditions favourably for health status, utilization of genetically performance
capacity, performing natural behaviour and maintaining welfare of birds.

Waterfowl is more convenient for regions with hot and humid climate than chickens. Under such
conditions waterfowl shall have the main contribution to food security. .

Keywords: duck, goose, meat, egg, increase of production, food security.

Introduction

Domestic ducks and geese trace back to two species of waterfowl each: the mallard duck (Anas
platyrhynchos) and the Muscovy duck (Cairina moschata) as well as the greylag goose (Anser anser) and
the swan goose (Anser cygnoides). :

Ducks and geese were known in ancient China and Egypt and they had already achieved
considerable status at that time. The use of meat of duck and goose and also eggs as well as feathers and
downs goes back to very early times in the history. '

Meat and eggs of waterfowl belong to the food with high nutritional quality. People eat meat of
ducks and geese for its high nutritional value because of the optimal composition of essential amino acids
and the favourable composition of fatty acids with a high percentage of polyunsaturated fatty acids and a
favourable ratio of omega 6- to omega 3-fatty acids. Duck and geese meat has a unique flavour and a
delicious taste. It is economical, and quick and easy to prepare and serve. The utilization of egys of
waterfow!] for processing as salted eggs, thousand year eggs (pidan) and balut has a long tradition in some
Asian countries. Waterfow! is also widely used as a source of down feathers ,

Feed for ducks and geese is not commonly used for human consumption and there is no strong
competition between waterfow! and human nutrition. Waterfow] is well suitable to utilize cheap feed
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resources in rural farms. When waterfow] is kept on fish ponds, the amount of plankton is increased as
feed for fishes. In the future ducks and geese should become increasingly important in meeting the
challenge for reducing hungry people and for food security.

Generally, poultry convert feed to human food efficiently and need only short periods to adjust to
market demands. Duck layers provide a steady source of food. Meat ducks and geese need only a short
period of time before a usable product can be attained.

Development of waterfowl meat production

Millions of people in the world are today suffering from starvation or malnutrition. Can waterfowl
production contribute to the improvement of the nutritional standards of the human population and to food
security? In certain parts, especially in the eastemn and southern parts of Asia, significant amounts of meat and
eggs are produced from ducks and geese and are important for the economy of these countries.

The development of waterfow] production will be characterized from 1991 to 2007. In Table 1 the
global meat production of waterfow] from 1991 to 2007 will be shown.

Table 1: Development of waterfowl meat production in the world (million tons) (FAOSTAT 2009)

1991 2001 2007
Total Poultry meat 43.1 (100) 715 (166) 87.6 (203)
Duck meat 1.33 (100) 2.98 (224) 358 (269)
Share to poultry, % 3.09 4.16 4.09
Goose meat 1 077 (100) 1.91 (248) 2.23 (290)
Share to poultry, % 1.78 267 254

The data in the brackets show the change against 1991 in per cent..

The global poultry meat production increased from 42.1 million tons in 1991 to 87.6 million t in
2007 or by 203 %. Duck meat increased in the same time from 1.33 million t to 3.58 million t or by 269
% and goose meat increased from 0.77 million t to 2.23 million t or by 290 %. Therefore, the percentage
of ducks and geese of the total world poultry meat production also increased from 4.87 % (3.09 + 1.78) in 1991
to 6.63 % (4.09 + 2.54) in 2007, but the percentage was 2001 with 6.83 % higher. That means the speed of
upwards tendency has lost a little against total poultry meat.

Although ducks and geese are generally well known all over the world their economical importance
varies between the continents and the countries. Therefore, there are big differences concerning the contribution
to food security. If we want to look for the role of waterfow] meat and eggs for food security, we have to
consider the growth of production in total and per capita and the change of production from 1991 to 2007. In
addition it was compared the share of waterfowl production to total poultry production. Especially the change in
per head production characterizes the role in the contribution for food security, because it considers the growing
human population. In Table 2 and 3 it will be demonstrated the contribution of each continent to duck and goose
meat production.

Asia is the leading continent in duck meat production with a share of 82.2 % followed by Europe with 12.4 %.
Asia has also the highest increase of total and of per capita duck meat by 308 % and 244 %, respective. Almost
" 10 per cent of poultry meat in Asia is produced by ducks compared with 4.1 % in the world. Duck meat
production in Africa and Latin America is very low and the annual per capita production amounts only to 60 and
66 g and is decreasing to 83 and 64 %, respective.
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Table 2: Development of duck meat production in the continents between 1991 and 2007 (Calculated

based on data of FAOSTAT, 2009).

Duck, Change to | Duck per | Change to | Share of | Change to
1000 t 1991, % head, g [ 1991 poultry, % | 1991, %
World 3,580 269 540 215 4.09 133
Afftica 58 127 60 83 1.60 70
North America | 91 191 270 169 0.43 110
Latin America | 38 84 66 64 .0.21 28
Asia 2,942 308 733 244 9.68 112
Europe 445 194 606 192 3.21 165
Oceania 11 238 320 180 1.09 114

Also for goose meat the regional pattern varies considerably (Table 3).

Table 3: Development of goose meat production in the continents between 1991 and 2007 (Calculated

based on data of FAOSTAT, 2009).

Goose, Change to | Goose per | Change to | Share of | Change to
1000 t 1991, % head, g 1991, % poultry, % | 1991, %
World 2,230 290 336 233 2.54 143
Africa 56 147 59 97 1.57 82
North America | 0.9 106 2.7 90 0.004 57
Latin America | 1.03 112 1.8 86 0.006 40
Asia 2,104 323 525 256 6.92 117
Europe 72 90 97 88 0.52 75
Oceania 0.12 150 - 3.4 113 0.012 75

With a share of 94 % global goose production Asia dominates the goose meat production. The goose
production in Europe was reduced to 90 % between 1991 and 2007, but in Asia it was increased to 323 % and
contributed 6.9 % to poultry meat. Goose production of America and Oceania is with only a few g annual per
capita very low and has no commercial importance.

Because of the dominating role of Asia the development of duck production in the Asian countries is listed in
Table 4 and shows a remarkable growth. China alone has 65 % of the global duck meat followed by
Malaysia (3.1 %), Thailand (2.4 %) and Vietnam (2.3 %). Except Thailand and Bangladesh duck meat
production was increased in all mentioned countries, especially in Laos (800 %), Myanmar (617 %), and Korea
(570 %). The highest per head production is found in Malaysia with 4.4 kg, Taiwan with 3.4 kg and China with
1.8 kg. Myanmar, Thailand and Republic of Korea have more than 1 kg per capita. But the highest increase of
duck per head production was observed in Laos with 508 %, followed by South Korea, Myanmar, Indonesia,
China, India and Malaysia (200 %). In Thailand and Bangladesh the duck production per head was reduced
because of the impact of Avian Influenza in Thailand and the preference for duck eggs in Bangladesh. The share
to poultry shows the great role of duck meat in Cambodia (32.5 %), North Korea (25 %), Vietnam and Laos (19
%) and China (15.5 %).
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Table 4: Development of duck meat production in Asian countries between 1991 and 2007 (Calculated

based on data of FAOSTAT, 2009).

Country Duck meat, | Change to | Duck per | Change to | Share to | Change to
1000t 1991, % head, g 1991, % poultry, % | 1991, %
China 2329 348 1800 310 15.5 104
Malaysia | 111 285 4400 200 10.7 118
Thailand | 85 88 1300 75 7.9 71
Vietnam 84 210 970 162 19.0 79
Myanmar | 74 617 1400 483 9.2 64
India 73 252 70 206 3.2 43
Taiwan? 73 3370 ‘ 9.8
Korea Rep. | 57 570 1160 504 10.0 322
Indonesia | 44 400 190 317 3.6 189
Philippines | 31 238 380 181 4.5 180
Bangladesh | 14 101 100 77 8.7 51
N. Korea i1 190 440 157 25.0 128
Cambodia | 8.3 198 670 140 32.5 135
Laos 4.0 800 610 508 18.7 275
2) TAIL (1999)

The non-Asian countries with high duck meat production are listed in Table 5.

Table 5: Duck meat production in the top non-Asian countries between 1991 and 2007 (Calculate’di

based on data of FAOSTAT, 2009).

Country Duck meat, | Change to | Duck per | Change to| Share  to | Change to
1000t 1991, % head, g 1991, % poultry, % | 1991, %
France 234 198 3700 179 15.7 222
Germany 56 267 680 262 5.0 125
Hungary 51 165 5200 174 13.5 153
UK 35 152 600 150 2.4 109
Netherland | 15 167 915 153 2.2 138
Ukraine? 60 1200 24.0
USA 83 198 290 171 0.42 114
Canada 7.4 145 225 123 0.6 87
Argentina | 7.5 129 190 107 0.6 | 42
Mexico 21 117 200 95 0.8 39
Egypt 39 170 520 88 5.9 55
Madagascar | 11 150 550 90 153 89
Reunion 3.3 122 4325 96 164 73
Australia 10 267 490 188 1.2 120

3) ZAKHATSKY, 1999.

The leading country in Europe is France because of the fast development of production with Muscovy and
Mule ducks which are also used for fatty liver production by forced feeding. The same can be said for Hungary
with the highest per capita production in the world of 5.2 kg. In both countries ducks play a great role with 14-
15 % share of poultry meat. Also USA and Australia have doubled their duck meat production, but it
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shared only 0.42 and 1.2 % of total poultry meat. Remarkable is the high duck meat production per head
of 4.3 kg in Reunion with 16.4 % share of poultry meat. After Reunion Egypt and Madagascar-are the
African countries with appreciable duck meat production.

With regard to geese production China has a share of 93.9% of the world, followed by Ukraine and
Egypt. The goose meat production in the world was increased by 293 %. This was caused by the high share of
China with a growth to 328 % (Table 6).

Table 6: Development of goose meat production in the top countries between 1991 and 2007 (Calculated

based on data of FAOSTAT, 2009).

Goosemeat, | Change to | Goose per | Change to [ Share  of Change to|.

1000t " |1991,% | head, g 1991 poultry, % | 1991, %
World 2230 290 336 233 2.54 143
China 2,092 328 1580 287 13.9- 98
Ukraine® 97.2 - 1900
Egypt 43 148 570 110 6.8 71
Taiwan? 29.8 - 1290 4.0
Hungary 27 61 2800 | 67 7.16 57
Poland 19 231 500 238 2.09 88
Italy 12.8 - 220 - 1.24 -
Madagascar | 12.6 137 630 86 17.5 81
Israel 3.4 79 520 57 0.64 29
Iran 2.5 96 30 75 0.17 - 30
Myanmar |2.5 156 50 125 0.31 16
UK 24 77 40 80 0.16 53
Czech Rep. | 2.3 - 230 - 3.1 -
France 2.3 33 40 33 0.15 11
Germany 2.1 37 30 50 0.18 17
Turkey 2.0 57 30 50 - 0.18 21
Ireland 1.2 188 270 . 147 0.86 134
Canada 0.90 106 270 87 0.07 58
Thailand 0.8 67 12 55 0.07 50
Argentina | 0.54 104 40 88 0.045 40

I TAI, 1999; 3) ZAKHATZKY, 1999

With regard to the goose meat production
1.9 kg and China with 1.58 kg,
only. The share of goose m
Ukraine and Taiwan were n

changes.

But the FAO-Statistics has been givc-n a ranking of the

production as well as on the value of the production (7able 7).

per head the leading countries are Hungary with 2.8 kg, Ukraine with
but an increase was observed in China, Egypt, Poland, Myanmar and Ireland
eat to poultry meat decreased in all countries, except China and Ireland.
ot mentioned by FAO-Statistics. Therefore, it was not possible to inform on

top 20 countries in duck and goose meat
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Table 7: Ranking of the share and value of duck and goose meat production of the twenty leading
countries in 2007 (FAOSTAT, 2009)

Duck meat , Goose meat
Country Share, % Prod. Mill. $ | Country Share, % Prod. Mill. $
World 100 . 4,485 World 100 4,254
China 65.0 3,028 China 93.9 3,997
France 6.5 303 Egypt 1.88 80.1
Malaysia 3.5 162 Hungary 1.63 69.5
USA 2.4 111 Poland 0.83 35.1
Viet Nam 2.3 109 Madagascar | 0.54 24.0
Thailand 2.3 108 France 0,27 114
India 2.1 97 Israel 0.15 6.5
Myanmar 1.85 87 Iran 0.11 ' 4.8
South Korea [ 1.58 74 Myanmar 0.10 4.3
Hungary 148 69 UK 0.09 4.0
Germany 1.18 55 Turkey 0.09 3.8
Egypt 1.09 51 Germany 0.08 3.3
UK 1.0 47° Ireland 0.05 120
Philippines | 0.86 40 Canada 004 1.7
Indonesia 0.71 33 Thailand 004 1.5
Bangladesh | 0.61 29 Bulgaria 0.03 1.3
Mexico 0.57 27 Croatia 0.03 1.1
Poland 0.51 24 Argentina 0.02 1.0
Netherlands | 0.35 17 South Africa | 0.02 - 109
North Korea | 0.31 14 Philippines 0.02 0.7
96.1 99.92

The top twenty countries produce 96.1 % duck meat of the world production and 99.9 % global goose

" meat with a value of 4,485 and 4,254 million Dollar (3), respective. China alone contributes 65 % of the
duck production, followed by France, Malaysia, USA, Vietnam and Thailand, and 93.9% of the geese
production, followed by Egypt, Hungary, Poland and Madagascar.

Development of waterfowl egg production _

Processing of duck eggs to produce “salted eggs” and “thousand year eges” or alkalized eggs has a long
tradition in China and other Asian countries. In some countries like Philippines pre-incubated eggs (Balut) are
used for consumption. In the other continents waterfow] eggs are used more or less for incubation only.
Between 1991 and 2007 the global production of other eggs for consumption (mainly eggs of waterfowl)
increased from 2.57 million t to 4.59 million t or by 173 %, while the increase of total eggs was 162 %
only (Table 8). Therefore the share of other eggs to total eggs has been increased from 6.57 % to 7.02 %.

Table 8: Development of production of other eggs in the world (million tons) between 1991 and 2007

(FAQSTAT 2009)
1991 2001 2007
Total eggs, mill. T 39.1(100) | s64(49) | 634062
Other eges (duck) 7_57 (100) 414(161) 445(173)
Share (o total eggs,% 651 734 7.02
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About 95 % of the other eggs have been produced in Asia. China alone contributed 83.2 % (Table 9). The
per capita production in the world was increased from 0.47 to 0.69 kg or to 147 %..

Table 9: Development of production of waterfowl (other) eggs in Asian countries between 1991 and 2007
(Calculated based on data of FAOSTAT, 2009).

Country Total other | Change to | Other Change to | Share  .of | Change™ to
eggs, 1000t | 1991, % eggs per| 1991, % total poultry | 1991, %
.| head, g eggs, %
World 4,590 -1 178 692 147 7.2 109
Asia 4,354 182 1085 144 11.3 83
China 3,821 204 2899 155 14.9 75
Thailand 310 105 4720 89 36.5 96
Indonesia | 208 175 200 138 15.0 63
Bangladesh | 76 317 510 232 29.7 108
Philippines | 73 133 820 92 12.1 79
Vietnam 707 - 820 - 27.5 -
Rep. Korea | 28 712 570 633 52 577
Myanmar | 18 300 330 94 7.0 49
Malaysia 11 110 410 75 23 77
Pakistan 7 140 43 102 1.5 58
Cambodia | 3.8 146 310 103 219 100
Laos 0.3 88 50 63 2.3 29

Except Laos all mentioned Asian countries increased waterfowl egg production, but the per capita
production shows a broad variety. Thailand, Philippines, Myanmar, Malaysia and Laos reduced the per
capita production. China ranked second with 2.9 kg behind Thailand with 4.7 kg per head. The biggest
jump made the republic of Korea with an increase of 712 % for total duck eggs and of 633 % of duck
eggs per head. China with 83.2 %, Thailand with 6.75 %, Indonesia with 4.5 %, the Philippines,
Bangladesh and Vietnam with 1.5-1.6 % have more than 99 % share of the world production of other or
duck eggs. In these countries duck eggs gained a high share of poultry eggs, like Thailand with 36.5 %,
Bangladesh with 29.7 %, Viet Nam with 27.5 % and Cambodia with 21.9 %.

Trade of waterfowl products '

The comparison of export and import of duck and goose meat between 2001 and 2007 shows
some changes (Table 9). China could increase duck and goose meat export to 141 and 108 %, respective.
Netherland doubled duck meat export, but France, Hungary and Thailand reduced duck meat export to 81
%, 66 %% and 23 %, respective. Japan and Hong Kong have been the main importer for duck meat in
Asia. In Europe Germany und UK are the main duck meat importer. : :

Table 9: The leading duck meat (tons) exporting and importing countries in 2007 (FAOSTAT, 2009)

Country Export Country Import.
World 123,433 ]| World 127,818
China 30,844 Hong Kong 41,583
Thailand 4,630 . Japan 6,620
Netherlands 16,,827 Germany 14,896
Hungary 16,059 UK 8,835
France 12,511 Spain 5,441
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With regard to goose meat Poland, China and Hungary are the main exporter and Germany is the main
importer (Table 10). The main exporter to Germany for ducks are France and Netherlands, but for geese
Hungary and Poland. Self-sufficiency of duck and goose meat in Germany amounts to 60 % and 13 %,
respectively. :

Table 10: The leading goose meat (tons) exporting and importing countries in 2007 (F. AOQSTAT, 2009)

Country Export Country Import
World 44,092 World 31,341
China 13986 Germany 20,543
Hungary 10583
Poland 18,015

Eggs are not traded over long distances. Therefore there are no data on import and export of other or waterfowl
eggs.

In some countries, especially France, Hungary and China geese and ducks are used for forced feeding to
produce fatty livers. In Europe forced feeding is discussed concerning animal welfare, but it utilizes the ability of
waterfowl to take in large amounts of feed and to deposit a lot of fat in the liver. This is essential for wild
migrating ducks and geese. In France more than 30 million Muscovy and Mule drakes per year are used for fatty
liver production. In 2007 France had an export of 2510 tons fatty liver (Foie Grass), followed by China and
Thailand with 712 tons each (FAOSTAT, 2009).

Waterfow! is also widely used as a source of feathers and downs. They are obtained at the time of
slaughter of waterfowl as a valuable by-product. The harvesting of feathers and downs from live ducks
and geese during the partial moulting at intervals of about seven weeks can be an additional source of
income from fattening geese kept on pastures until the age of more than 22 weeks and from breeding or
laying ducks and geese in small-scale farms. In 2000 the value of world trade of 55,000 tons downs and
feathers was 600 million $§ (WEZYK and CYWA-BENKO, 2002). Table 11 shows the most important
exporters and importers of feathers and downs.

Table 11: Trade of waterfowl feathers and downs in 2000 (WEZYK and CYWA-BENKQ, 2002)

Country Export, 1000 tons Country Import, 1000 tons
China 22,5 USA 19.2

Taiwan 9.0 Taiwan 14.3

Thailand 3.0 Germany 7.9

Hungary 3.0 Japan 7.7

Singapore 23 France 4.7

Vietnam 2.0

Poland 1.1

Total 428 53.8
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Contribution of waterfowl production for food security

From the preceding analysis it has become obvious that there are extreme differences in the

contribution of waterfow] production for food security between continents and countries.
In industrialized countries with a long tradition in waterfowl, duck and goose meat production may be
further developed to diversify the offer of poultry meat despite of the higher price, especially to meet the
seasonal demand for special products, for example the Christmas goose or smoked goose breast in
Germany and in central Europe and the Peking duck in East Asia. The increasing number of Chinese
restaurants with a wide offer of special Peking duck dishes in Europe and North America contributes to a
growing demand for duck meat. Also in China and other Asian countries with a high percentage of
Chinese people, a growing production of duck meat and duck eggs based on intensive production systems
can be expected.

Intensive production systems have been developed during the last 50 years through activities of
breeders, nutritionists and specialists for management and health. Fully integrated duck production
operations have been established, with parent-stock, hatcheries, growing farms and processing plants.
Modern hybrids achieve high performance. Also in the future it can be expected a breeding progress in
feed efficiency, meatiness, egg number, fertility, hatchability and incidence of disorders by selection for
“robustness” (HALL, 2006). Intensive waterfowl production of meat and eggs shall be as effectively as
possible to utilize the genetic potency and to improve product quality by breeding, nutrition and
management according to the requirements of animal welfare and environment protection. The feeding
standards will be adapted to increasing genetic potency.

Consumers in developed countries are not only interested in the price and quality of the final product,
but also in the manner in which meat is produced. That means that intensive production systems for ducks and
geese have to be organized in such a way that there is no negative influence on welfare of birds and on
environment (RODEENBERG er al., 2005). Some people with high buying power prefer meat from organic
or ecological production systems. Apart from commercial farms with intensive production systems,
traditional system of keeping ducks and geese in free range with access to water for bathing will stay
popular.

In the developing countries extensive production in small-scale or family farms is dominating, In
some countries of south-east Asia more than 80 % of poultry is kept in small-scale family farms.
DINESH et.al, (2008) reported on a project of FAO, carried out in Cambodia. In almost 100 duck farms
in five provinces of Cambodia the production systems and the genotypes have been characterized. Almost
80 % of the ducks were common ducks in laying type and about 20 % belonged to Muscovy ducks. The
ducks are reared under free range systems and survive mainly by scavenging, but most of the farmers
give extra feed, mainly grain from the own farm. The average flock size in the provinces was between
204 and 10.4. Very few farmers used improved breeds for upgrading the flock. More than 40 % of the
farmers used to hatch the ducklings in their own farm using a Muscovy duck or a brooding hen. Others
bought ducklings from the neighbor or local market. The housing constructions were mainly made of on-
farm material but 7 % did not provide shelter. More than 70 % of the farmers did not use veterinary
service and vaccination program. The average egg number per duck was less than 50. The average body
weight of the females from different provinces was between 1.3 and 1.4 kg. After meeting the family
requirement, 57 farmers sell the surplus eggs and 53 sell growers, drakes and spent ducks either at the
local village market or to local trader. _

Extensive waterfowl production in small-scale farms plays a vital role in rural areas in Asian
countries for utilization of cheap natural feed resources by scavenging, like insects, worms, snails and
snakes. But the productivity under these conditions i§ low. The availability of low-cost or gratis feed
might compensate the disadvantage of low performance. But any supplement of concentrate with
minerals and vitamins will be adequate to provide a balanced ration. This is important also under
scavenging conditions to increase the production for food security.
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GUEYE (2009) has written:” Family poultry represent an appropriate system for supplying the
fast growing human population with high quality protein and providing additional income to resource-
poor small farmers, especially women. Although requiring low levels of inputs (housings, feeds, breeds,
vaccines, drugs, equipment and time/attention), family poultry farmers contribute significantly to food
security, poverty alleviation and the ecologically sound management of natural resources,”

However, small-scale producers are often constrained by poor access to appropriate technologies and
-information, as well as markets and support services, which could otherwise substantially improve
productivity and income generation. Along with these basic problems outbreak of diseases like, Highly
Pathogenic Avian Influenza (HPAT) etc. made the life of the rural duck farmers more miserable (DINESH
et.al, 2008). Despite of high increase of waterfowl meat and egg per head between 1991 and 2007 some
countries in south-east Asia with high share of small-scale farms have a low level of waterfowl
production. The following measurements could support farmily waterfowl farms to achieve higher
productivity as presupposition for more meat and eggs. .

o Providing of ducklings and goslings of improved genotypes from parent-stock farms.

e Offer of concentrate as additional feed for better utilization of natural feed resources and to ensure

a balanced nutrition. Free-range ducks can suffer from a shortage of vitamins and minerals.
Mould growth in paddy rice, maize and peanuts has to be prevented..

o Management has to be improved, especially for protecting ducklings and goslings in the first
weeks of life by providing an additional heat source as well as drinking water and protein rich
feed.

e Using of veterinary service, vaccination programs and disease control,

o Improving education, training and extension by radio programs and demonstration farms

SHELDON (2000) has emphasized adequate education and training at all levels, including agricultural
extension, full involvement of women at all stages of the development, provision of low-cost credit
facilities, and development of suitable marketing systems, including cooperatives. HUQUE (1996) has
described the improvement of the small-farmers skill and how to participate women.

Duck farming in the most south and south-east Asian countries consists of large numbers of small farms
and only few intensive commercial farms. Where integrated waterfow] production operations have been
established, family farms should be included and supported. By introducing the contract purchase and
sales system family farms can be helped to increase their production capacity with access to the market.
Also Non-Governmental Organizations (NGO) can play a significant role in support of backyard duck
production as mentioned by PEETHAMBARAN and JALALUDEEN (2005).

The fact that Africa and Latin America has only a modest contribution to waterfow] production (see
Table 2 and 3) is not fully understandable, since the climatic conditions in the humid areas are similar to
those in south-east Asia. In most African countries more than 70-80 % of poultry is kept in family farms
(SONAIYA, 2007). But the share of waterfowl is low. Duck meat and eggs are not accepted and there is
only little demand for eating waterfowl products. Perhaps, there is a lack of information on the nutritional
value of these products. Geese are mostly kept as pets or guards. In Latin America chicken meat
production has been increased in the last decades and is much cheaper than duck meat. BONINO and
VELEZ (1992) reported that in Argentina farmers have changed from Peking ducks to broiler because of
the consumer preference for leaner meat and the higher efficiency of the vertically integrated broiler
operations companies. '

Due to its good foraging and incubation behavior, Muscovy ducks are especially suitable for
scavenging systems and they have a better adaptability to hot climate than chickens. The Muscovy duck
would be suitable for small-scale rural farmers in these areas in Africa and Latin America and could
contribute to food security. In rural tropical areas where meat cannot be conserved for a long time ducks
provide a good protein source for one or two day consumption by a family. The eggs are naturally
incubated and the ducklings are reared by the duck mother with high safety.
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Generally, waterfow] is more convenient for regions with hot and humid climate. than chickens. In
countries with such climatic conditions more support should be given for waterfowl production in farmly
farms to ensure an increase in productivity and an important contribution to food security.
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Duck and other waterfow] are of great importance for food security of mankind. As a major natural
reservoir of influenza virus and an important food source, the duck is of great biological interest.
-Compared with species such as humans, mice and chickens, molecular genetic research in the duck has
- just made its first steps. The first genetic map and QTLs for carcass, meat quality, body weights and
conformation traits, marker-assisted selection in the duck were published recently. Microarrays, and other
new technologies such as marker-assisted selection, transgenics and RNA interference, give scientists the
opportunity, for the first time, to use molecular genetics to modify the phenotype of the poultry including
duck and geese to meet previously defined production goals. These genetic tools have been used to detect
QTLs related to growth, carcass and meat quality traits of duck and geese. Hundreds of SNPs were
detected in this exercise and, by themselves; these are a rich resource for genomics applications in
waterfow] breeding. These new resources will be used in the battle against infectious diseases, such as
- avian influenza.

Key words: Waterfow!, genomic research

Introdution
Ducks, belonging to the order Anseriformes, diverged from the chicken (Galliformes) ~110

million years ago (Tuinen and Hadly, 2004). According to palsontological data, the main radiation of the
modem duck took place during the Miocene, 5-23 million yzars ago (Olson, 1985). As breeding deals
with identifying and exploiting the genetic basis of phenotypes, the use of breeding of knowledge of
molecular genetics, i.e. molecular breeding, can greatly supplement the previous practices of selective
breeding in poultry including waterfpowl. Studies of developmental biology, physioclogy, immunology,
oncology, and virology have traditionally capitalized on the amenable nature of the chicken and related
species to genetic studies, and these investigations will now be greatly enhanced by the availability of the
chicken genome sequence (International Chicken Genome Sequencing Consortium, 2004). Researchers
are now able to accelerate their efforts through the use of microarrays, which allow scientists to examine
changes in the expression of all of any bird’s-genes simultaneously, rather than one at a time. Ducks and
other waerfow], together with the ostrich, emu, peacock, turkey, quail, and other birds, play a major role
in studies of bird evolution. Up to now, most available molecular data concemning ducks have come from
evolutionary studies based on the analysis of mitochondrial DNA sequence (Donne-Gousse et al., 2002).
However, information about duck genome is limited. The first genetic map and QTLs for carcass, meat
. quality, body weights and conformation traits, marker-assisted selection in the duck were published '

recently (Huang et al., 2008). Compared with species such as humans, mice and chickens, molecular
~ genetic research in the duck has just made its first steps. This paper deals with the advances made in
molecular research of duck and other waterfow] research and their potentlal apphcat1ons in the genetic
: 1mprovement programmes.

Historical developments
The application of poultry genetics and artificial selection began with the domestlcatlon of the
“chicken in Neolithic times. Following the rediscovery of Mendelism in 1900, genetics became an
important science of 20" century. Long before Mendel wrote his seminal paper in 1865, the poultry had a
proud history as the subject matter of practical genetics. Bateson and Punnett, whose experiments with
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poultry offered the first demonstration of Mendelian heredity in the animal kingdom (Punnett, 1905-
1908). Poultry breeding always led in the exploitation of knowledge of single genes such as those for
plumage colour and for sex linked traits that can be used for sexing of day old chicks. Tremendous
genetic improvement has been achieved in the quantitative characteristics of poultry by conventional
methods of selective breeding. Molecular genetics is now opening this black box by elucidating the effect
of single genes on the phenotypic expression of traits. There exist molecular methods to understand the
complex genetic control of biological traits in poultry. Study on candidate genes is the direct approach,
one way of using the genome information. Another way could be to use an intermediate (“gray box™)
approach by exploiting the information on huge numbers of genetic markers that was indirectly derived
from the sequencing effort. Microarrays, and other new technologies such as marker-assisted selection,
transgenics and RNA interference, give scientists the opportunity, for the first time, to use molecular
genetics to modify the phenotype of the poultry including duck and geese to meet previously defined
production goals. The ‘practical’ use of genetic markers was in the establishment of linkages between
these landmarks on the chromosomes and the genetic variability of traits of interest. Linkages were
established through extensive “QTL mapping” experiments.

Structural Genomics

Genomic information about the duck is limited to a few linkage and physical mapping studies.
Huang et al. (2006) produced a preliminary genetic map based on 240 microsatellite loci and assigned to
19 linkage groups. The sex-averaged map spanned 1,353 ¢M, with an average interval distance of 15 ¢M.
Sex-specific maps have also been constructed. The length of the male map is 1,415 cM with an average
intermarker distance of 16 ¢M, whereas the female map is 1,388 cM, with the average intermarker
spacing of 17 cM (Huang et al., 2006). Assuming that the genetic maps between chicken and mallard are
similar in length, then these maps only represent ~36% of the total predicted length of 3,800 cM
(Groenen et al., 2000). Cross-species chromosome painting and G-banding studies have suggested one
interchromosomal difference between the chicken and duck karyotypes — the ancestral chromosomes 4
and 10, fused in the chicken lineage to give GGA4q and GGA4p respectively, remain separate in duck
(Griffin et al. 2007). This interchromosomal rearrangement presumably explains the difference in diploid
chromosome number between the two species, which is 2n = 78 in chicken and 2n = 80 in duck. FISH
mapping of 57 chicken BACs revealed small intrachromosomal rearrangements in APL2, 7, 8 and Z and
confirmed synteny for GGAS, 11, 13-15, 18 and 28 in the duck genome (Fillon et al., 2007). Skinner et
al. (2009) provided a molecular cytogenetic map of the duck genome through FISH assignment of 155
chicken clones. They identified one inter- and six intrachromosomal rearrangements between chicken and
duck macrochromosomes and demonstrated conserved synteny among all microchromosomes analysed.
Array comparative genomic hybridisation revealed 32 copy number variants, of which 5 overlap
previously designated "hotspot" regions between chicken and turkey.

Cytogenetics is a branch of genetics that is concerned with the study of the structure and function
of the cell, especially the chromosomes. It includes routine analysis of G-Banded chromosomes, other
Cytogenetic banding techniques, as well as molecular Cytogenetics such as fluorescent in situ
hybridization (FISH) and comparative genomic hybridization (CGH). Recently, a preliminary cytogenetic
map of the duck was constructed by FISH using duck and chicken BAC clones (Huang et al., 2006;
Yuan, 2007). Nine of the 19 linkage groups were assigned to nine pairs of duck chromosomes. The map
was extended further by Yuan (2007) using eight BAC clones isolated from a duck library using duck
microsatellite primers and assigned to duck chromosomes (Table 2). In total 22 microsatellite loci from
12 genetic linkage groups have been assigned to 10 duck chromosomes,
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Genetic diversity analysis :

Genetic diversity refers to the variation at the level of individual genes (polymorphism), and
provides a mechanism for populations to adapt to their ever-changing environment, Microsatellites have
proved to be useful polymorphic markers for the analysis of genetic diversity. Pierson ef al. (2000)
compared data from seven microsatellite DNA loci and 143 base pairs of the control region of
mitochondrial DNA and found Aleutian geese were genetically differentiated from one another in terms
of mitochondrial DNA haplotype and microsatellite allele frequencies. Williams et al. (2002) studied
nuclear DNA-based markers for Mottled Ducks and determined levels of subdivision among populations
in Florida. They screened 13 microsatellite primer pairs and identified six microsatellite loci that were
variable in Mottled ducks. These markers revealed a low level of genetic differentiation and a high level
of genetic exchange among four Mottled duck subpopulations within Florida. Williams e al. (2004)
assessed genetic variation among 225 mottled ducks and mallards using five microsatellite loci. In
contrast only 3.4% of mallards were inferred to have been hybrids, suggesting asymmetric hybridization.
. Populations from different geographic areas within Florida exhibited hybridization rates ranging from
0% to 24%. The genetic diversity of six goose breeds (White Goose, Zi Goose, Huoyan Goose, Wanxi
Goose, Rhin, Landoise) was analyzed using microsatellite markers. Results showed that 7 microsatellite
sites were highly polymorphic, and could be used as effective markers for analysis of genetic relationship
among different goose breeds. Among six goose breeds, the lowest was Rhin goose (0.6617) and the
highest (0.8814) was Zi goose (Shuang et al., 2006). Yunjie.et al. (2006) examined the genetic structure
of 13 indigenous grey goose breeds using 31 polymorphic microsatellite markers. Of the 13 goose breeds,
the highest mean heterozygosity was observed in the Shitou (0.6727), whereas the lowest heterozygosity
was found in the Yan breed (0.4985). Tu et al. (2006) studied the genetic structure research of 14
indigenous grey goose breeds using 19 developed and 12 searched microsatellite markers with middle
polymorphism. The results indicated that 25 out of 31 microsatellite sites showed polymorphic at medium
level. The mean heterozygosity was between 0.4985 and 0.6916. A study on genetic structure of Pekin
and Moscovy duck populations in north of Iran, Mazandaran province using 6 polymorphic microsatellite
markers revealed an observed allele number in each locus as 1 to 4, effective allele number from 1 to
3.78, heterozygosity from 0 to 0.98 and the genetic distance between two populations was measured as
0.59 percentages (Ahmadi et al., 2007). The low of genetic distance between two populations and the low
level of mean heterozygosity index indicate that the genetic diversity is low in within and between
populations, The first AFLP genetic linkage map in ducks was constructed by Amplified fragment length
polymorphism (AFLP) (Huang et al., 2009). The AFLP linkage map included 260 co-dominant markers
distributed in 32 linkage groups. Each linkage group contained three to 63 molecular markers and thetr
size ranged between 19.0 cM and 171.9 cM. This AFLP linkage map provides important information for
establishing a duck chromosome map, for mapping quantitative trait loci (QTL mapping) and for
breeding applications.

QTL mapping

Quantitative trait loci (QTL) are stretches of DNA that are closely linked to the genes that
underlie the trait in question. QTLs can be molecularly identified (for example, with AFLP and
microsatellites) to help map regions of the genome that contain genes involved in influencing a
quantitative trait. This can be an early step in identifying and sequencing these genes. Many QTLs that
affect a broad range of phenotypes including growth, body composition and fertility, have already been
mapped with high confidence in many livestock species. However, the lack of genomic resources and a
high-density genetic map in the duck has hampered progress in gene mapping and identification of QTL
in this species. Research on QTL mapping in duck has been initiated only in recent years. For detecting
and mapping QTL, the construction of a genetic linkage map is a prerequisite and in duck genetic map
data are very limited. Huang et al. (2007a; 2007b) investigated QTLs for carcass, meat quality, body
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weight and conformation traits using 95 microsatellite markers distributed over 1,237 c¢M. Half-sib
analysis in Pekin ducks using a multiple QTL model revealed a total of 45 QTLs for 21 traits on 10
linkage groups. In another study, Huang et al. (2009) have chosen the AFLP technique to develop a duck
genetic map. They have used the Taql/EcoRI restriction enzyme combination and selective PCR primers
to generate molecular genetic markers and to establish a duck genetic linkage map from a resource
population originating from a cross between two outbred selected lines of laying and meat type ducks.
The AFLP linkage map included 260 co-dominant markers distributed in 32 linkage groups. Each linkage
group contained three to 63 molecular markers and their size ranged between 19.0 ¢M and 171.9 cM.
This AFLP linkage map provides important information for establishing a duck chromosome map, for
mapping quantitative trait loci (QTL mapping) and for breeding applications.

Genomic selection :
Marker assisted selection or marker aided selection (MAS)is a process whereby a marker

(morphological, biochemical or one based on DNA/RNA variation) is -used for indirect selection of a
genetic determinant or determinants of a trait of interest (i.e. productivity, disease resistance, abiotic
stress tolerance, and/or quality). In molecular selection, a unique DNA sequence occurring in proximity
to the gene or locus or QTL of interest, can be identified by a range of molecular techhiques such
as RFLPs, RAPDs, AFLP, DAF, SRAP, SNP, SCARs, microsatellites etc. However, the application of
MAS for genetic improvement relies on the level of precision at which a QTL has been identified, which
in turn requires high resolution maps of genetic markers of great utility. Using a preliminary genetic map
of the duck, QTL have been mapped in the Beijing duck (Huang et al., 2007a and 2007b). The single
nucleotide polymorphism (SNP) of growth hormone gene was investigated in various breeds of duck,
including Beijing ducks, Xihu mallards, Jinding ducks, Shan Partridge ducks, Jingjiang ducks and
Shaoxing ducks. The SNPs were detected by PCR-SSCP method in intron 3. The analytic results showed
that the frequencies of genotypes in different breeds were significantly different. Based on these SNPs,
Beijing ducks and Shaoxing ducks represented their own unique conservativeness, indicating that these
SNPs may have relationship with some productive traits of duck (Xu et al., 2007). Dong et al (2007)
concluded that adiponectin gene had a high level of SNP in different duck breeds, and could be used as a
candidate gene to analyze the correlation between its polymorphism and fat traits in duck.
Polymorphisms have also been detected by DNA sequencing, in exon 7 of the lipoprotein lipase gene
and it was associated with abdominal fat weight and percentage of abdominal fat weight of native Peking
duck and with percentage of subcutaneous fat plus skin weight and abdominal fat weight of Cherry
Valley Peking duck (Wu et al., 2008). The relationships between two SNPs, T179C and C195T of
preproinsulin gene and the traits of carcasses in Peking duck and Cherry Valley duck had significant
influence on carcass weight, carcass net weight and breast muscle weight (Kong et al, 2008).A T/C
mutation at the position of the 1326 bp of the duck prolactin gene was found to influence egg number,
clutch days, and the body weight at first egg in Gaoyou duck, a Chinese indigenous breed famous for
double-yolked egg (Li et al., 2009). )

Comparative Genomics :

Comparative genomics allows the transfer of genomic-information from a well-characterized species
to another that is less well described. It can be applied at all levels from that of the chromosome to the
genome sequence. However, despite the recent advances in sequencing technologies, the considerable
effort involved in producing a genome sequence assembly is reflected by the small number of vertebrate
genomes that have been sequenced to date. In birds, there is only one published genome sequence, that of
the chicken, with the zebra finch genome due to be published soon. Combining cross-species fluorescent
in-situ hybridization (FISH) and microarray analysis using resources developed in the chicken provides a
powerful tool for the identification of gross genomic rearrangements, gene gains/losses, copy number
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variants (CNVs) and gene order in other bird species. Huang et al. (2006) produced a preliminary genetic
map based on 240 microsatellite loci and assigned 11 out of 19 linkage groups to ten duck (APL)
chromosomes by FISH mapping of 28 BACs. Cross-species chromosome painting and G-banding studies
(Schmid et al., 2005) have suggested one interchromosomal difference between the chicken and duck
karyotypes — the ancestral chromosomes 4 and 10, fused in the chicken lineage to give GGA4q and
GGA4p respectively, remain separate in duck (Griffin et al., 2007). A molecular cytogenetic map for the
duck based on comparative FISH mapping of 155 chicken BACs, which revealed several hitherto
undescribed intrachromosomal rearrangements. This study also provided an analysis of CNVs in the duck
genome by array comparative genomic hybridisation (array CGH) of duck DNA to a commercially
available chicken whole-genome oligonucleotide tiling path microarray. The analysis of CNVs supports
the hypotheses that bird genomes contain fewer CNVs than mammalian genomes and that some CNVs
appear to be consistently shared across species, forming CNV hotspots.

Genomics of immune system

Studying the variability in key immune genes/regions like Ig receptors, T-cell receptors, MHC
genes and cytokines between and within species can provide insights on the immunity. Ducks and
chickens have different susceptibilities to avian influenza viruses. Ducks are often asymptomatic carriers
of influenza virus strains that are lethal to chickens. A comparison of the genetic makeup between
chicken and duck may provide important insights into the molecular basis for this difference in
susceptibility. The sequence and genomic location of genes in these other species has been exploited to
clone immune-related genes in duck, such as those coding for B cell activating factor (BAFF),
interleukin-2 (TL-2), CD40 ligand (CD54) and interferon gamma. Almost one-third (1,763) of the chicken
gene probes cross hybridized to the duck spleen-derived mRNA (Keeler et al., 2007). Xia et al. (2007)
have sequenced 3,168 clones from a spleen cDNA library of a Beijing duck, and identified 208 genes
relevant to the duck immune system. Recently, MacDonald et al. (2007) have used a targeted approach to
clone specific immune-related genes from the duck genome involved in antiviral immune responses,
including the immunoglobulin locus, the MHC class I genomic region, the leukocyte receptor complex
genes, lectin-like immunoreceptors and Toll-like receptors. Compared to four in other avian species
(Shiina et al., 1999), MHC class I region ofthe duck contains five genes that show a high level of
overall similarity.. Despite an expanded number of genesin the genome, the duck MHC class I region
functionally resembles the minimal MHC of the domestic chicken (Moon et al. 2005) )

Future Directions .

The chicken genome has become the "foundation reference genome” for assembly and annotation of
genome sequences for all archosaurs. Both turkey and zebra finch are undergoing genome sequencing
(turkey because of its importance as an agricultural species and as a biomedical model for aging, while
zebra finch is a biomedical model for behaviour and vocalization). Genome sequencing of these avian
species utilizes chicken genome information to facilitate assembly and annotation. EST projects are
already underway for additional bird species (eg. Quail and condor) and in the three to five year
timeframe, it is likely that sequencing of additional bird genomes such as duck and other waterfowl will
be undertaken. The voluminous information generated will provide insight into the genome to assess
genetic variability at the genome level. This will affect the structure of breeding programmes and also
impact the integration of breeding in the production system. The new knowledge of the molecular basis
of poultry phenotypes that is generated along the way will be used to engineer and re-design the poultry
genome with novel technologies, and genetically engineered breeds ducks and geese may be marketed
within twenty years, Extensive usage of genome-wide marker coverage by SNPs and QTL mapping will
become an essential part of every pouliry breeding programme. As any other animal, waterfowls will also
witness elucidation of gene structure through gene function, gene expression, protein interactions,
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biochemical and signaling pathways, cellular function and cell to cell communication towards a complete
understanding of how phenotypic performance of the waterfowl is regulated. Delivery of a trarisgene or
gene construct to an avian embryo is much more complicated than in a mammalian system. However,
perseverance for more than twenty years in this area by several research groups has created definite
progress and will come out with breakthrough from academic-private partnerships. Although current
transgenics are focusing on applications in the pharmaceutical domain, these achievements do open the
way to exploitation in poultry breeding for agricultural purposes. The tools of molecular genetics will
generate datasets of unprecedented size for animal agriculture, such as those resulting from studies of
genomic sequence and sequence polymorphisms and from large scale gene expression analyses using
microarrays. Thus, development of new statistical theory and methodology and, especially,
bicinformatics tools to address these genomic data analysis will also evolve.
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Summary.

Modern production of waterfowl, as other animal productions, is changing progressively in
accordance with the need for sustainable systems. Whatever field of investigation considered, actual
research programs are set to improve the waterfowl production but at any time with concern for the
sustainability. The aim of this report is to estimate how recent research has tried to reach this goal in
various fields of investigation.

Key words. -
Waterfowl, production, research, sustainable systems.

[ntreduction.

Even if some waterfow] species were recognized as domesticated a long time ago, at least 2500
3C (Guémené and Guy 2004), they were scarcely investigated as research topics comparatively to other
wian species. The way current programs focus on waterfow! can easily enhance the general knowledge
n these species and contribute to noticeable improvements. However there is still a lot to do in this field
ind the objective of this report is to evaluate how science can influence positively the management and
he production of waterfowl in the future, while respecting the social demand.

senetics.

Selection progress is obviously established, and it was initiated a long time ago. Indeed for
sxample pekin duck in its modern form is phenotypically strongly different from his ancestor the wild
nallard duck considering either the colour of the plumage, the laying performances or the live body
veight. Breeders have progressively modified these animals, improving characteristic interests like meat
rield, growth rate, number of eggs first or even final meat quality. All these programs have lead to
trains which are considered adapted to the present market demand. Although selection programs are still
onsistent to improve most of these classical parameters, nowadays the main objective of the breeders has
‘hanged in accordance with the social demand. Thus all the characters which influence the productivity
re not solely taken into account any more, besides those which are in accordance with the social
lemand, which ask for sustainable production are now considered foremost. Among these parameters,
hose which influence animal welfare are now taking a large place in the selection programs. For
Xample, after the European Scientific Committee on Animal Health and Animal Welfare (scientific
eport 1998 dec 16™) asked to avoid the use of genetic strains ‘whose welfare was poor in relation to foie
ras production, it was decided to initiate a new program to select birds better adapted to the specific
rocess of force feeding (Arnaud et al 2008 a,b, Brun et al 2008, Basso 2008 et al). The challenge is not
asy in that it needs to select quiet and docile hybrid mule ducks, after considering the response of tested
nd selected pekin duck females. Contrary to the previous schedule ‘of selection, this program has no
lirect effect on improvement of productivity or income, but was solely set to follow social demand.
jenetics is also taken into consideration to reduce feed consumption by selecting birds with good feed
fficiency. This kind of program is not fully new in that genetics has yet to contribute to reduce feed
onversion ratio (Larzul et al 2003), but until now the goal was rather focused in reducing the alimentary
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cost. Now, the demand is also based on the fact that producers have accepted that meat production
requires too much cereal and raw material in relation to what is available. In spite of reducing the total
amount of vegetables consumed by animals the aim of this work is also to intervene positively in favour
of the environment by reducing bird output.
Additionally to classical quantitative genetic programs, molecular genetics is dramatically progressing,
and is supposed to enhance greatly the waterfowl production in the next few years. The availability of
new markers developed everywhere at a world scale is increasing quickly, they constitute a great help in
‘research of quantitative trait loci after a specific program was created with the aim to improve various
. characteristics (Marie Etancelin et al 2008). All these examples illustrate at least partly the influence of
genetics on waterfowl production.

Physiology.

Although studies’ of physiology lead to a better knowledge of the waterfowl in a field of
fundamental functions, they can also contribute to concrete and finalized scientific advances. The
previous paragraph has shown that genetics has allowed modem strains to be adapted to the needs, and
that it was likely that these strains will evolve in the future, in accordance with the market demand. To
allow this, there is a need to store genetic diversity. Until now this was achieved by preserving locally old
strains managed as small populations. A number of factors like cost, deleterious imbreeding, failure of
management or epidemic diseases constitute a major risk of loss for these genetic material. In this way a
number of domestic breeds of waterfowl, particularly the old ones are endangered. These elements clearly
justify the relevance of gene stock storage in a totally secured system. Cryoconservation of the semen
was the first and main way to bring a concrete response to this challenge. Various, freezing techniques
specific to different waterfow] species have led to ensure spermatozoa preservation in such conditions
(Dubos ef al 2008). A stock of sperm straw issued from the most interesting breeds of ducks and geese
whose cells are fully able to stay alive and fertile after thawing are preserved in a national cryobank.
However this method seems to be not sufficient as far as it allows preserving only half of the genome.
Indeed waterfow!l genome as other birds is characterized by a ZW system where males appear haploids’
77Z. An elaboration of a new method of preservation of the whole genome is requested to fill the aim of
secure biodiversity storage for a long term. Based on the general knowledge of embryonic development,
and studies on stem cells, a new and complementary program is envisaged. It will deal with culture,
freezing, and transfer of blastodermal cells, and is supposed to bring an opportunity of integral and secure
preservation of the genetic diversity. At the moment, we're waiting for a concrete use in any other areas.

Nutrition.

The nutritional aspects of waterfowl production have been quite widely investigated and the diets
are most of the time well balanced to fill requirements, to ensure normal growth of the birds and to
minimize as far as possible alimentary cost and feed intake. Nevertheless there is still a great interest in
this kind of work. Again the need originates partly due to the demand to produce in a specific way of
sustainability. Related to a programmed failure in the availability of gasoline originating from petrol
issues, a number of countries have developed production of bio-fuel. Among the different local processes
the use (()f corn for bio-ethanol production is found on one hand, and oilseeds on the other hand for the
production of oil methyl ester. Additionally some raw co-products issued from the processing:
respectively brewer’s corn, and meal from rapeseed and sunflower. All these new local resources should
be incorporated in diets and tested for duck nutrition (Bernadet et al 2008).

Corn production occurs nearly everywhere in the world since the ambient temperatures are warm enough.
This cereal has as a great advantage the fact that it is well adapted to almost all avian species; a high level
of incorporation is possible, since no nutritional limit is known instead of the filling of nitrogen
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requirements. Furthermore the yield of this crop is particularly high and justifies the interest in producing
this cereal. However this plant has a disadvantage in that its requirement for water is one of the biggest
amongst vegetable productions. Considering the native failure of water at the world scale enhanced by
climatic changes and a general increase of the temperature, cereal producers are envisaging to replace
com by sorghum, a plant less demanding in water but with the chemical analysis closed to that of com
grain. Obviously, sorghum utilisation for duck nutrition has to be evaluated before general use.

Modem avian production including those of waterfowl is based on intensive design, and use almost all of
the time food concentrate, besides diets produced by mills factories. But there is now a tendency to
produce poultry in another more extensive way. These changes are justified both by a reduction of the
alimentary cost, and a high demand for farm products instead of industrial ones. The waterfowl,
especially the geese appear well adapted to such feeding systems which integrate the raw production of
the farms. Depending on the area of production farmers cultivate cereals like corn, wheat, barley or
triticale or local sources of proteins like faba beams, lupine or field peas. A large number of raw materials
have been tested with the aim to balance the diets for energy and protein content, but it was assumed that
three or four of these components are sufficient to ensure a consistent and normal growth. In addition
these basic diets are well accepted by waterfowl either as whole grain form or sometimes roughly
crushed. It reduces the energy consumption associated with pellet manufacture.

Environment.

For a long time nutritionists who were involved with diet formulation had as an unique goal to

meet the requirements of birds whilst using raw materials of the lowest cost. Nowadays stakes have
changed, and they must be aware of environmental consequences when establishing the composition of a
diet. The first effort towards protecting the environment was focused on reduction of nitrogen output,
This was achieved in two steps, the first one being the complete knowledge of the bird’s requirement for
each species and at each step of age. In a second time nutritionists succeed to decrease the level of crude
protein of the diets by using synthesis amino acids (Robin e al 2002 a,b,c). The second element to be
investigated was phosphorus, according to the dramatic negative effects of its spewing into the
environment. As for nitrogen control in the outputs the first step was to establish the waterfowl
requirements in terms of phosphorus. After this, further studies were set to improve the availability of
phosphorus coming from raw vegetable material by the use of specific enzymes: the phytases (Bernadet
et al 2002 a,b Bernadet er al 2003, Bernadet et al 2004, Bernadet et al 2006). Subsequent to these two
main elements, various programs were set to reduce to the lowest, the introduction of oli go minerals like
copper, zinc, cobalt,... (Ducamp et al 2008). )
In terms of the environment two fields are currently subject to economical as far as their availability is
supposed to be less evident. We have already mentioned the failure of water in the nutritional chapter; we
now want to deal with the energy reduction which is possible besides number of actions. For example, in
a number of farms which breed waterfowl the land is used for com production. This com is frequently
used for geese and ducks produced locally but before they are submitted to various treatments but all are
consuming energy at different levels. When harvesting corn around October the water content in cereal is
currently ranging from 25 to 35% of moisture. Under the classical method of storage this water content
does not allow us to preserve the com at the optimal condition for sanitary product. This explains why
the new harvested corn has to be transported to factories where it is heated in order to reduce the water
content to a maximum level of 15%. The com is sometimes stored in the factories, which lead to further
expense for the producer, whatever the moment corn is always brought back to the farm before being
delivered to waterfowl. It is noticeable that corn should be used for feeding ducks and geese during the
breeding period as well during the force feeding period when this practice occurs on the farm. For this
last purpose before use, corn must be rehydrated. All the steps of this process are obviously expensive in
terms of energy, either for transport or to dry the cereal. A new method is starting to develop; the
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principle is to harvest and to keep the comn at a quite high level of moisture. To avoid fungi development,
the storage occurs in a specific pliable fodder silo. The principle is that after filling this silo with grain all
the oxygen is consumed by bacteria in less than 24 h, subsequently the atmosphere in the silo is oxygen-
less including during the process of corn removal. Under such conditions of storage the corn with about
30% water can be preserved for one year at least without any detriment of its quality (Ducamp et al
2008).

In spite of these programs which have noticeably contributed to a decrease in all forms of spillage,
the amount of waste remains at a high level consistent with an elevated breeding activity. As in other
animal or poultry productions, waterfowl producers have integrated in their facilities new systems
devoted to manage better and if possible to value their waste production. Several ways exist depending on
the size of the farm and the objective, it can be by a direct and rational use by fertilizing the land on the
farm. But some specific processes to adapt the best solutions are developing, for example composting the
entire waste product on the farm or even fermentation in order to produce bio-gaz. All these parameters
play a positive role in the goal of setting sustainable breeding productions.

Animal health and welfare.
_ A number of experiments have been set to investigate duck welfare, especially in relation with
force feeding practice (Guémené et al 2004). Successively, physiology, behaviour and nociceptive
aspects have been investigated. Regarding physiology, it was shown that force feeding does not give an
increase of corticosterone level when birds are housed in individual cages. Functionality of corticotropic
axis, and reaction to other physical constraint gives a positive response by contrast, it ensures that force
feeding, is not considered stressful for mule ducks (Guémené et al 2001). In addition, it was
demonstrated that in force fed birds the liver was fully able to recover its initial state, same weight and no
histological changes. It indicates that contrary to liver discases like hepatitis, steatosis is a transitory and
non pathological form of.lipid storage. Behaviour studies on their own have shown an absence to
aversion for the procedure and for the welfare of birds (Babilé et al 1998, Bénard et al 1998), and that the
time schedule was not greatly modified during the force feeding procedure (Faure et al 1998, 2000).
Lastly, investigations for nociceptive markers at the level of the digestive tract (crop) or at a neuronal
level (brain, medullar) do not support the evidence that birds have felt any pain during the force feeding
procedure (Servitre, et al 2002, 2003, 2004). All together these elements resulting from more than fifteen
years of research seem sufficient to ensure that force feeding when practised in adequate conditions of
production is globally not detrimental to animal welfare. As a consequence, this kind of investigation is
now no longer necessary.

Animal health is a major element of animal welfare, and this gives one explanation of research in
this field. Modern husbandry practice including good management of waterfowl, prophylactic and
vaccine programmes can greatly reduce the incidence of many diseases affecting waterfowl. In spite of
the effect of disease on animal welfare, there are other measures to. prevent as far as possible the
occurrence of diseases. Diseases according to their gravity are detrimental to the income of producers by
simply affecting growth rate in a first time, but they can also lead to morbidity or mortality at a higher or
lower level. Besides these economical purposes which justify investigations for controlling waterfowl
 diseases, there is another reason for it, the fact that some of the waterfowl diseases are classified as
potentially susceptible to affect humans. Probably the most important disease of poultry (waterfowl)
recognized as dangerous for human is avian influenza on both its pathogen character, and its potential
ability to spread all over the world in a pandemic form. Avian Influenza is now attracting much attention
and enormous human and financial means are dedicated to investigate this disease. In addition, although
they are not such a favourite target for the Media, other waterfowl diseases regularly affecting humans
are also topics of research. They are of great importance, even if in most of case they look unnoticed in
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birds themselves, the most common are: chlamydiosis, (Guerm et al 2006, Laroucau et al 2006),
salmonella (Sellier et al 2008) or campilobacterium.

Conclusion.

In this text, we have tried to speak about the research programs focused in waterfowl in France. A
number of fields depending on various scientific disciplines have been investigated, but they are all more
or less related to sustainable productions. Nowadays the way of thinking has changed and research to
tmprove productivity is not in fashion any more. There is a social demand to set new breeding systems
whose aims are to respond to three major areas: economic, environmental and social. Each of these areas
has to be taken in consideration with the principle that any choice in the breeding system is required to be
consistent with the respect of the others sustainable areas. The economic require that the production
should allow a sufficient income to the producer. The environmental area must take in account a lot of
things, the- agricultural practices, the diversity, the water management, the waste recovery and animal
welfare. The social area integrates at the same time quality products, demand of the consumer, life quality
for the producers, employment and must also manage the alimentary equilibrium on a world scale. To
produce better is also to produce more sustainably, it is imperative to respect this principle if we want to
transmit a good situation to future generations,
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Abstract

Global human health and the food security of millions of the world’s population are seriously threatened
by the highly pathogenic avian influenza (HPAI) H5N1 virus. Most at risk are the rural poor, 80% of
whose livelihoods depend on small-scale livestock farming. Waterfowl form a large part of this sector,
particularly in Asia. Unfortunately, waterfowl are natural hosts of Al viruses. Farming operations that
concentrate large numbers of waterfowl in unconfined conditions can become virus TeServoirs openmg a
pathway for transmission to other farmed poultry. :

Little structurally co-ordinated preventive effort has been made to stamp out or at least control the HSN1
virus at the baseline avian level at the expense of efforts toward therapeutic vaccines and antiviral
explorations for humans.

It is urgent that an all-out effort is made to stop the-virus in its tracks and eliminate the disease from
poultry. After all, it is the avian host that is largely responsible for the threat to the human population.
Continuous global virus surveillance and control are a tall order and can only be achieved through a
multi-level approach to education in poultry industries, from basic skills instruction to poultry producers;
small scale village subsistence farmers and commercial operators alike; through to wider dissemination of
information to professionals and decision makers in government. A structured approach based largely on
education could build on foundations that already exist in most countries.

It is conceded at the outset that the world is engaged in battle with the H5N1 virus. Already it has
destroyed many millions of poultry and over two hundred and sixty humans. The tools are available to
fight back and win this battle, but it will require long-term cooperatlon and determination of many people
from many disciplines.

Keywords: avian influenza; waterfowl; human health; food security; surveillance; education

Introduction

Global human health and food security are seriously threatened by the highly pathogenic avian
influenza (HPAI) H3N1 virus. Those most at risk-are the rural poor, 80% of whose livelihoods depend on |
small-scale livestock farming, predominantly of poultry. Failure to protect this sector of the population
and their livestock from viruses such as H5N1 will aggravate the food security and health of many
millions of people.

Officially, 15 countries have confirmed human H5N1 cases, 12 reporting deaths to date. Indonesia
with 115 deaths from 141 known cases and Vietnam with 56 from 111 casés are the two that have
suffered the most serious human health consequences. - Furthermore, 75% of all human infections and
85% of human deaths have occurred in Asian countries. Globally, 433 people have reportedly contracted
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the disease with 262 fatalities. There are probably many more unconfirmed cases and deaths in the
region, the data understating the magnitude of the problem.

Moreover, many millions of poultry have been slaughtered across affected regions in an attempt to
control the virus. Recently, 148 outbreaks of HPAI in poultry have been officially reported in the month
of July 2009. The damage continues even though the effects of HPAI appear to have waned. It is critical
to understand that the risks posed by the virus are still very real. The aim in presenting this paper is (1) to
raise awareness that the world needs to reduce the dual threats of an influenza pandemic and destruction
of poultry protein supplies by the HSN1 virus, and (2) to effect these through multi-level education about
the avian influenza virus problem particularly for veterinarians and poultry extension officers.

The Avian Influenza Problem

It is clear that the world currently faces yet another unprecedented danger — the possibility of a
rapid, catastrophic influenza pandemic caused by the HPAI H5N1 virus or a derivative of it, Heightened
awareness can be traced back 12 years to Hong Kong by the recognition for the first time of a possible
pandemic virus, viz. HSN1/97 virus, in chicken and humans. A possible pandemic was averted by the
slaughter of poultry across the HK SAR. Since then, other descendants of the parental goose HSN1 virus
have become endemic in Eastern Asia in China, Vietnam and Indonesia and possibly elsewhere,
spreading across the Eurasian land mass to Western Europe and Northern Africa. While a pandemic has
not eventuated 12 years on, one could erupt at any time particularly from the Asian arena.

This situation is not so much a consequence of global benign neglect, rather that so little
structurally co-ordinated preventive effort has been made to stamp out or at least control the virus in
avians at the expense of efforts toward therapeutic vaccines and antiviral explorations for humans. True,
international agencies, NGOs and governments have done much but the cold, hard reality is that the virus
is still with us, “popping up” unexpectedly in different places and still causing disease outbreaks in
chicken and human deaths. '

Ideally the world should strike at the heart of the problem and stop the virus in its tracks. This can

only be achieved by an all out effort to eliminate the disease from poultry. After all, it is the avian host
that is largely responsible for the threat to the human population. But it is the unimpressive reaction of the
global human community that is allowing it to happen. .
Unless the world can come to grips with HPAT HSN1, all the gains made in pandemic preparedness from
the 1997 warning will be lost, It must quickly build upon those gains and re-think the structural approach
to the problem, a problem that has probably had an Asian focus over two millennia. Colleagues in Asia
are now called upon to support more fundamental approaches toward the control of AT at the baseline
avian level in Asia to set the ball rolling.

Controlling Avian Influenza

There is a pressing need to beef-up virus surveillance within H5N1 positive zones to curtail spread
there and to prevent spread beyond to negative zones. Very few places do proactive virus surveillance
responding only to “surprise” outbreaks or occasionally examining dead wild birds. Hong Kong lies in a
“red hot” HPAI H5N1 zone. Continuous virus surveillance there with an emphasis on poultry populations
showing excess deaths and on all dead wild birds has been highly effective in dealing with the H5NI
threat.

Continuous global virus surveillance and control is a tall order and can only be achieved through a
multi-level approach to education in poultry industries, from basic skills education of poultry producers,
small scale village subsistence farmers and commercial operators alike, through to wider education of
professionals and decision makers in government. While there has been much effort in dealing with the
H5N1 problem in recent years particularly in Asia, our connections with the poultry industries there, as
well as anecdotal information suggest that understanding is not getting through notably in biosecurity,
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Instruction delivered sometimes lacks quality and is not always effectively targeted. There should also be
better instruction in avian medicine in veterinary and other curricula worldwide and more solid instruction
for poultry extension officers who act as a link between veterinarian and poultry farmer. The focus needs
to be on delivering appropriate education into the hands of the people who need it most. The challenges
are great, but so is the opportunity for progress.

Building on Existing Foundations

Education

The educational need is complex, requiring firstly education in poultry husbandry involving farmers,
extension and veterinary officers, and secondly upgrading the technology of virus surveillance and
diagnosis for both avian and human hosts. All are critically interconnected.

While much is known about HPAI H5NI disease and its causal virus, it is unfortunate that this
knowledge has had only limited spread to the people who are in closest contact with poultry flocks,
mostly rural dwellers and their families. It is here in the rural areas, at village and farm levels, that
practical application of knowledge can have maximum effect against the virus. It is unfortunate that the
flow of information very often stops short of the “grass roots” level. This situation probably results from
a number of factors. One might well be the socio-economic position these people hold in the overall
economy of the country. Another might be that the delivery of education is not broad enough to reach this
level of society. In summary, education often does not reach the people in the very place it is needed
most. So in order to make progress in the fight against Al knowledge and education are critical. To
reverse this situation, a thorough study of existing education delivery is necessary.

Veterinary Surveillance and Diagnostic Capability

The key person is the poultry extension officer who may or may not exist in some places. He or
she is the link between the farmer and both the diagnostic and regulatory sectors of the  veterinary
services. They are responsible for initial field diagnosis, referring samples to the diagnostic laboratory,
monitoring the disease situation and on-site implementation of control ~ measures. The combined
efforts of extension services and veterinary diagnostic laboratories are central to disease surveillance.
This implies the need for good diagnostic laboratories especially as they will need to distinguish
quickly between diseases caused by BPAIH5N1 virus and Newcastle disease virus, the traditional
scourge of the poultry industry and other avian pathogens for that matter. The status of both the
veterinarian and the extension officer in the community and industry is crucial to implementing
the value added dimension  toward H5N1 control in countries of the region.

: It is also important to recognize the need for differential diagnosis of human infection  caused
by H5N1 virus (or any other novel Al virus subtype) from, say,  dengue, typhus or other infectious
Jiseases. The interconnectedness of the avian and human dimensions is reflected in the figure
highlighting the need for veterinary and medical personnel and diagnostic services to work together
to deal with a common problem. First and foremost is the prevention of human disease and mortality
through the awareness that pandemic influenza is a zoonosis requiring early recognition of Al viruses in
avian hosts.
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Figure. Two branches of Al virus education. Note that “Health & Diagnostic Services’ are further divided
into veterinary and human services. :

Where to from here : - ,
Unlike climate change which is demonstrating change as it progresses, the potential impact of Al will not
be not easily understood or recognized until there are critically unmanageable human health issues. By
this time, it may be too late to prevent a pandemic. Vastly improved understanding of events taking place
at the animal-human interface particularly through on-going virus surveillance would be a major step
forward. Resolving this will require long-term political will and long-term financial support.
Extensive country-by-country reviews need to be undertaken by specially appointed teams. Results of
each study should indicate the changes that need to be made to existing systems to produce better
outcomes. Elements of these reviews should focus on:
® Identifying the educational needs of the poultry industry in a multilevel approach

Identifying the veterinary needs of the poultry industry in a multilevel approach
Mecting the educational and veterinary needs of the poultry industry
Delivery of practical (on job) and theory based (off job) learning
Monitoring the quality of training and assessment of trainees.
The outcomes from each review will be useful in setting future requirements and direction. For each
country, a second group of appointed specialists with an advisory role should function as the hub of all
future activity, overseeing, advising and monitoring Al related operations.
Armed with the recommendations of the study group, the advisory group’s function is to mould a strategic
plan which should incorporate the following tasks: '

o Identifying resources required to satisfy the needs indicated by the study group cognizant of the

country’s geographic and demographic features :

Adapting the resources to suit each region
Implementing systems based on these resources
Building local capability to carry on without outside assistance
Carrying out follow-up assessment and evaluation
Handing over to locals when local capability is sustainable .
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Cautionary comments

e While H5N1 events have provided the blueprint for this document, it should not be forgotten that
H7 subtype viruses can be highly pathogenic for chicken and can cause human disease including
death as evidenced by the HPAT H7N7 outbreak in The Netherlands in 2003.

e Tt should not be assumed that because an Al virus is highly pathogenic in chicken that it will
consequently cross the species barrier to humans to cause a pandemic. Anecdotal information
provided to K.F.S. has indicated that there was no recorded infectious disease outbreak in
chicken, any other land-based poultry or animal before or during the 1957 (H2N2) Asian and
1968 (H3N2) Hong Kong pandemics. Moreover, these two pandemic viruses would seemingly
have lacked the molecular attributes necessary for pathogenicity in chicken. :

o It would be absolute folly to ignore the current HSNI situation given the vast increase in chicken
population globally in the last 40 or so years and the many stressors to which the birds are now
subjected. The HPAI H5N1 virus now resides asymptomatically in ducks in some regions and is
a continuing threat to chicken production and human health.

Conclusion

It is conceded at the outset that the world is engaged in battle with the HPAI H5N1 virus. Already
it has destroyed many millions of poultry and over two hundred and sixty humans. The tools are available
to fight back and win this battle, but it will require the cooperation and determination of many people

-from mahy disciplines. It is time to place HPAI disease prevention in poultry and pandemic prevention in

humans as global priorities alongside other critical priorities such as population growth and human food
supply. These, individually or together, contribute to the jigsaw of survival into the future. This is a
challenge for humankind. But it must be done.

References .

Background information on H5N1 (and H7N7) events can be obtained through:
www.who.int

www.fao.org
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Most goose breeds and lines currently in use at a commercial scale are derived from two wild
species: the swan goose Anser cygnoides L. and the true geese - greylag Anser anser L. Interestingly,
local selections performed for centuries from these two ancestors have resulted in strains or breeds
expressing large differences for a range of phenotypic traits including size, body weight, feather colour,
behaviour, physiology including reproductive performance, along with carcass characteristics, flavour
and chemical composition of the meat.

When compared with other poultry species, the main factors having limited goose production and
goose meat consumption in Europe are the seasonality of its reproduction and the low fertility of breeder
flocks (egg production, fertility and hatchability rates, low sex ratio, poor semen quality) associated with,
on average, relatively high proportions of lipid tissues in their progeny. Some of the above problems can
be eliminated or at least reduced by the application of artificial insemination procedures.

The present paper reviews the main specificities of artificial insemination techniques developed in
goose with regards to male morphology and physiology. The main characteristics of ejaculates along with
some morphological aspects of sperm morphology, semen collection procedures and semen quality
assessment are also described. Finally, goose insemination procedures along with their interests and
limits are discussed.

Keywords: goose, artificial insemination

Introduction

For near a mid-century, poultry species have demonstrated their interest as sources of proteins of animal
origin dedicated to feeding a growing world population. This rapid success has resulted in a rapid shift of
poultry meat production towards the second place after swine meat (FAO sources). Such a huge
progression in poultry productivity is a consequence of several biological, genetical and management
factors, including short inter-generation intervals, high heritability of several genetic traits (ex: egg
production, growth...) associated with rapid progress in management systems and feed availability and
quality. However, a continuous selection for growth rates, high meat yield and feed utilisation has also,
significantly impaired reproductive performances including semen quality, egg fertility, embryo survival
and more general, the number of chicks hatched per hen (Renema et al,. 2007). In the case of goose
reproductive efficiency has also been impaired, but at a lesser extent than in more intensively selected
species such as chicken or turkey.

In contrast with most poultry species and despite the fact that goose was probably the first
domesticated avian species, its reproductive characteristics are still relatively comparable with wild geese
regarding traits such as reproductive seasonality, low sex ratio, social and sexual behaviour, and high
adaptivity to various environments. A consequence of this is, that some of the fertility problems observed
in goose parent stocks at different periods of their reproductive cycle may require other approaches than
those used in species expressing traits issued from domestication (ex: chicken breeders). For example, the
partial or total replacement of males in the course of the cycle (“spiking”) or separate sex feeding of
naturally mated broiler breeder flocks cannot be of practical value in the case of geese.
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Another specificity of the goose deals with its digestive tract which can ingest and digest large
quantities of relatively cheap and easy accessible, high fibre feedstuffs. Despite this and, also, despite the
facts that juveniles grow rapidly and are easy to manage (Romanov, 1999), goose production has, up to
date, been limited to a few Asian and European countries.

Philogenetically, geese are represented by 35 species, but the most popular commercial breeds have
been selected from only two wild species:

— the swan goose Anser cygnoides L. ) - .

— the true goose - greylag Anser anser L, itself represented by two subspecies:

— the western type (A. a anser) and, '
— the eastern type (A. a. rubrirostris) (Crawford, 1990). ] :

Both, wild ancestors and derived breeds, differ in size and body weight, feather colour, behaviour,
physiology (ex: reproductive performance), as well as in the quality of carcass, flavour and chemical
composition of the meat. Such differences result from the local availability of the breeds and, also of
consumers’ habits regarding meat-type products.

Regarding reproductive characteristics, the various breeds of domesticated geese share some
specifications which may act as limited factors to their development as poultry species. Thus, compared
with other poultry species, domesticated geese are characterised by a quite low reproductive
performances and a quite strict seasonality of their reproduction, making it difficult to produce goose
meat the year around for a given market. In contrast with other poultry species, goose breeders may,
however, be kept for several seasons (usually 3-4) as routinely practiced in European countries (Behr and
Hartmann, 1992; Nitsan et al., 1988; Rosinski et al., 1986; Toth et al., 1988) but, depending on
economical conditions, fertility performances may remain at acceptable levels up to 6 season (Bielinska
and Rosifiski, 1988). According to data published by the National Poultry Council - Chamber of
Commerce (2009) White Koluda® geese (derived from Anser anser L..) produce on average, from 49 (2"
reproductive cycle) to 40 hatching eggs (4™ cycle) with a laying intensity varying from 29 to 33%; egg
fertility from 79% (in 4™ reproductive cycle) to 82% (in 2™ cycle), while hatching success of set eggs
ranges from 60 to 65%. According to Nitsan ez al. (1988) goose egg fertility in naturally mated flocks
varies from 48 to 79%. '

Interests of artificial insemination in geese ,

As in other species raised for economical purposes, an important aspect of goose reproduction is to
maintain reproductive performances at acceptable levels for a prolonged period of time. Under natural
mating conditions, this objective is often difficult to reach as a number of uncontrolled factors may alter
fertility and embryo mortality. Thus, poor semen quality is often observed in most breeds while
behaviour problems such as preferential mating of a male with a single female may cause durable
alteration of reproductive performances. Other causal factors known as impairing fertility in these flocks
include male leg disorders, excessive body weight, and copulatory organ malformation, low biological
value of eggs and low efficacy of sperm acceptance in the oviduct of aging females. '

In order to circumvent these problems, artificial insemination (AI) has been proven a powerful
alternative to natural mating conditions as it provides a range of possibilities to control, replace or
improve the defective factor causing fertility problems. Of practical use for decades in turkeys, ducks and

' guinea fowl, AI know-how has, over the past years, also demonstrated its interest in geese and chickens,
thus emerging as a significant achievement of poultry physiologists transferred to the industry. In
addition to providing alternative solutions to control fertility and reduce gosling costs by reducing the
male/female ratio, AT ‘- ‘so of practical interest in selection, as this technique creates favourable
conditions for a more efficient use of the best sires in pedigree farms (ex: 13:10-129 in AI flocks
compared with 13:3-4Q in naturally mated flocks). Overall, this results in stronger selection pressure on
“favourable traits and additional genetic gain at each generation. Another profitable and promising
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advantage of Al is crossbreeding or integeneric crossing leading to increase the meat content and
lowering fatness of the progeny carcass. Such improvement can be obtained by crossing commercial
goose breeds with goose from conservation flocks of local origin (Mazanowski and Smalec, 1998), wild
goose Anser anser L. (Chrzanowska and Chelmonska, 2000; Mazanowski and Chelmonska, 2000) or
Branta canadensis L. (Kowlaczyk et al., 2007a,b; 2008).

In addition to pre-cited advantages, Al practice in goose selection and multiplication should also
been considered as an interesting and relatively cheap way to limit the risks of transferring pathogens
during copulation. Thus, ejaculates may be either checked individually for the presence of pathogens and
the correspondent male(s) treated or, semen can be diluted in diluents containing ad hoc antibiotics, thus
suppressing the transfer of pathogens to the female oviduct (however, not every type of antibiotic allows
optimal sperm survival in vitro storage). ' -

Another interesting aspect of Al and semen technology is to facilitate the transportation of male
gametes from a male to a female site. This has, indeed, been of practical interest to the turkey industry
(‘stud farms’) to optimize production costs and facilitate yield management in breeder flocks. In geese,
the duration of in vitro sperm storage remains relatively limited (1-2 hour), but recent progress in semen
cryopreservation offers new pathways to protect gene pools and limit the risks of extinction in
endangered breeds. '

Assuming the above, it appears that Al practice in goose breeding and multiplication offers several
definite advantages including: ' '

¢ general improvement of fecundity levels,

¢ more efficient use of ganders with high genetic potential,

¢ acceleration of genetic progress due to higher selection pressure,

¢ risk limitation of pathogens and diseases transferred during natural mating,

possibility of transferring genes from point A to point B without moving birds,

¢+ facilitates integeneric/interbreed crosses if natural mating proven unsatisfactory, or in order to
produce progeny of different meat taste and quality,

¢ cryopreserved semen allows gene pools preservation.

L

Difficulties and limiting factors to perform Al in geese ‘

Despite recent progresses, Al technology (which includes semen collection, assessment and
handling, as well as semen deposition in the female tract) remains relatively complex to perform in the
goose. In practice, semen collection is currently performed using one of the two following methods:

¢ dorso-abdominal massage (Burrows and Quinn, 1937), as routinely used in turkeys, chicken,
and several feral species (ex: Blanco et al., 2000; Klimowicz et al., 2005; Saint Jalme et al.,
2003; Siudzinska and Lukaszewicz, 2008); this method was first transferred to ganders by
Johnson (1954),

+ stimulation of the male by the presence of a teaser female (technique also known as artificial
vagina method (Chetmonska et al., 2008; Rybnik et al., 2007).

From the two above cited methods, the dorso-abdominal massage, although usually applied for
gander semen collection, remains quite inefficient, in contrast to other poultry. Its success rate is
relatively limited (ex: only 40% Landes ganders respond to semen collection procedure under these
conditions with ejaculates averaging 0.3ml in volume and 150x10° sperm/ml (Sellier et al. (1995).
Meanwhile, it appears that the response to this solicitation may be breed dependent as studies by
Chetmonska and Lukaszewicz (1995). Mentioned authors indicated that the frequency of positive
reactions of non-selected White Italian ganders (Anser anser L.) ranges between 60 and 70%, while
Kuban ganders (Anser cygnoides L.) respond positively in about 90% of the cases. Despite these
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encouraging observations, it remains however, that only 30% and 50%, respectively, of the positive
responses result in ejaculates classified as ‘valuable’ for insemination.

Overall, it appears from our experience that the success of goose Al depends mainly on the genetic
origin of male and female breeders, along with the semen collection and handling procedures, Al
equipment and insemination techniques. However, the basic criterion for successful Al operations is the
reproductive value of male and female breeders, associated with a thorough expertise of the staff at
controlling flock environment (light, feed, floor surface allowance and preparation).

Factors affecting semen quantity and quality .

Compared with males from other poultry species such as chickens, ducks or turkeys, ganders have
a relatively limited testicular development at adulthood, which results in fewer sperm produced by time
unit than in other species (Chelmonska, 1972). As a consequence, sperm populations present in ejaculates
are themselves limited along with the main other quantitative characteristics of ejaculates: ex. 1: ejaculate
characteristics of Anser anser derived ganders: volume = 0.15 to 0.3 ml; sperm concentration: 340-1020
x10%ml (Lukaszewicz, 2002); ex. 2: ejaculate characteristics of Anser cygnoides: volume = about 0.4-ml;
sperm concentration: 700 x10%ml (Liu et al., 2008).

Interestingly, one characteristics of goose sperm making it distinguishable from other poultry, it is
extremely low percentage of morphologically normal sperm which, depending on many situations (age,
breed, reproductive season, etc...), may vary from only 27 to 50% of the total population when, it is in
the 80-85% range in chickens and turkeys. Thus, values above 50% of morphologically normal and
viable sperm are only sporadically observed in gander semen (Liu et al., 2008; Eukaszewicz, 2002),
while percent of viable sperm is generally within 90-95%, a range similar to that observed in turkey or
chicken. This indicates that gander sperm should be assessed for parameters, which, besides
viability/motility, should also include microscopic observation to assess their morphology. This explains
why the author have been interested in developing a global test known as Semen Quality Factor (SQF),
which comprises three, the most important semen characteristics: volume, cells concentration and
percentage of live normal spermatozoa (Eukaszewicz and Kruszynski, 2003), which has since revealed
valuable to predict the potential of fertilization of collected semen. It allows to precise the number of
cells expected to become candidates for the fertilization of an ovum and how many insemination doses
can be made from a particular semen sample. In ganders it varied from 26 (Eukaszewicz, 2002) to 84 (Liu
et al., 2008) (Fig. 1), while it reaches values over 130 in the chicken (Siudzifiska and Eukaszewicz,
2008). Moreover, Liu et al. (2008) found high (P<0.01) correlation between SQF and fertility in.Anser
cygnoides (r=0.985). _ ‘

The quality of fresh semen is one of the most important feature both, from fresh semen
insemination and its short- or long-term storage viewpoint. The quantity and quality of semen collected
manually from ganders depend on: species (Chetmonska and Lukaszewicz, 1995; Stasko et al., 1973),
male age (Bielinska and Rosinski, 1988; Csuka and Ledec, 1984; Merritt and Leman, 1963) (Tab. 1),
reproductive cycle (Guangxi et al., 1988; Lukaszewicz, 2002) (Tab. 2; Fig. 1), management system (Brun
et al., 2003; Sellier et al., 1995; Rosinski et al., 1995; Willin and Kovats, 2000), feeding (Sauveur et al.,
1988), semen collection technique and collection frequency (Grunder and Pawluczuk, 1991;
Fukaszewicz, 2000), as well as on individual gander properties (Rukaszewicz, 2002; Tsarenko et al.,
1979). "

During the semen collection procedure a few facts have to be taken into consideration, First, due
to difference in copulatorj organ structure of Galliformes and Anseriformes, as well as the way of
ejaculation, in order to maximise the semen quality, particular care has to be taken during collection to
avoid any semen contamination with the cloacal products. Gander erection centre, as in all bird males’, is
located near cranial end of kidneys, therefore properly performed massage has to stimulate both, dorsal
part of the gander body and simultaneously the abdomen, as female does during the natural mating.
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Moreover, avian male reproductive tract, unlike mammal one, does not posses any accessory sex gland.
Seminal plasma (known as “transparent fluid”) is excreted from vascular body of cloacal wall during the
copulatory organ erection and semen ejaculation. Thus, proper and sufficient stimulation has to be made
in order to provoke the gander for spontaneous ejaculation which, together with slight pressure applied
above the receptaculum, should help to collect the dense, good quality semen. To maximise the
percentage of ganders producing semen and semen quality, males should be kept individually and their
feed should be removed 12 hours before semen collection.

Table 1. Effect of gander age on fresh semen characteristics evaluated within the same reproduction cycle

(x = SD; each group represented by 10 males) (Eukaszewicz, 2002)

Evaluated traits Age group of ganders
1-year-old 2-year-old | 3-year-old | 4-year-old
Number of semen collections 42 53 53 51
during entire reproduction cycle
Single ejaculate volume (ml) 0.15°7+0.05 | 0.20°+0.05 [0.16°°20.06 | 0.16°°+0.06
Spermatozoa concentration 409.64" 550.47° 655.47°° 833.04°°
(x10%m)) +134.29 + 161.63 +203.34 +243.45
Semen Quality Factor per male 26.47% 45.56" 51.65° 68.33%
+17.91 + 18.91 +20.34 +24.95
Live in total 91.79* 94.08° 94.77° 93.7°
~ +2.67 +2.72 +2.57 +3.38
S [Live normal 39.28 7.0 | 40.42 +7.14" | 50.4626.25 | 50.01 +9.38F
&  [Macrocephalic 22.80% 2131 20.90 19.35°
g +5.26 +5.18 +4.12 +4.88
£  [Bent-neck 15.83% 16.30" 10.46™ 12.86™
| & +3.67 +3.44 +2.7 +4.36
5 |Midpiece deformed 491 5.82% 411™ 5.12°
@ +2.61 +2.23 +1.76 +2.27
§ Spermatids (Immature) | 2.92 +1.67" | 6.36 £3.05>* [ 5.35+2.6™ | 3.16 +1.90"
K 1 Other deformities 6.05% 3.86" 3.48" 3.27°
* 2,96 +2.74 +2.67 +2.85

Y Values with different superscripts within rows differ significantly (A, B - P < 0.01; a, b - P <0.05)

Ganders subjected to semen collection for the first time, as well as the older males at the onset of
every reproductive cycle, have to be trained for holding and massage once or twice a week, as well as
selected on the basis of their positive reaction to massage, i.e., reaction ending with ejaculation, the
appearance of the copulatory organ and quality of the first ejaculates. These characteristics determine the
degree of gander usefulness as reproducers. High significant correlation (r=0.80) between the number of
positive reaction during the first three weeks of the reproductive cycle and the results of the total amount
of semen and average ejaculates volume during the entire season, were stated (Chetmonska, 1972). This
correlation enables an early pre-selection of males. The experiments of Kurbatov et al. (1976) indicated
that selecting ganders for Al purposes is significant and therefore worth performing. With the heritability
of h2=0.24, the selection can be effective (Stasko et al., 1973). : :

Despite the gander age, a decline in semen quality can be observed about six weeks before the end
of the reproduction cycle. Also, during the first month of reproduction, 1-3-year-old ganders produce
ejaculates of lower quality. There also occur unfavourable changes in the spermatozoa morphology,
which sigpificantly affect the effectiveness of insemination, particularly in the second half of the
reproduction period. The results of experiments (Lukaszewicz, 2000; Lukaszewicz ef al., 2000) suggest
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semen collection twice a week during the periods of lowered fertilising potency of ganders- and three
times in the middle of the cycle. Moreover, a decline in semen quality of ganders of different age
occurred in different months of the reproductive cycle and was male age dependent. In case of Al this
problem can be overcome by pooling semen of age-differentiated males. It can be supposed also, that
dilferences in fertility rate of naturally mated geese, observed within the entire reproductive cycle and
resulting probably from fluctuations in semen quality, can be eliminated by differing the age of ganders

in the goose flock.

Table 2. Characteristics of fresh gander semen in the I, Il and III'reprodl:lctive cycle (x = SD)

(Lukaszewicz, 2002)

Evaluated traits Icycle Il cycle I cycle
Number of semen collections in 41 48 53
one reproduction cycle ) :

- | Single ejaculate volume (ml) 0.23* +£0.06 0.18" +0.06 0.16° +0.06
Spermatozoa concentration 323.41% 483.33" 65547~
(x10%ml) +93.451 + 17415 +203.34
Sperm Quality Factor 33.44"x 17.16 4532° +26.38 51.65° + 20.48

Live in total 91.37% + 4.41 93.78" +2.56 94.77" +2.57

¥ |Normal 42.87" +10.98 50.64" £ 11,12 50.46° £6.24

E Macrocephalic 26.51% £ 10.09 23.07 £7.53 20.90° +4.12
£ |Bent-neck 10.33 £3.24 10.05 £3.18 10.46 +2.71
E |Midpiece changed 6.22% +2.33 3.89% +1.89 4115+ 176
2 [Spermatids 4.36 £ 2.06 471229 535 £ 2.55

Other deformities 1.24% £1.15 1.43% £1.03 3.48° +£2.67

D Values with different superscripts within rows differ significantly (A, B - P <0.01; a,b-P <0.05)

Fig. 1. Semen Quafty Factor of 1, 2,3 and 4-year-old White Koluda ganders
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Goose insemination

In practice, artificial insemination in the goose is most often used throughout the entire
reproduction cycle at a frequency of two inseminations/wk. Alternatively, it is also performed once or
twice a wk as a complement of natural mating, at periods when fertility is impaired. Techniques to
introduce semen into the lower oviduct may vary from farm to farm, depending on inseminator
experience and skills. Since it is difficult to evert the goose oviduct, the safest and most effective way for
semen deposition is, to our view, the finger guided method (also known as a palpation method) (Johnson,
1954; Grunder and Pawluczuk, 1991; Lukaszewicz, 2002; Tai, 1984). Alternatively, the finger can be
replaced by a speculum. Finger or speculum-guided palpation is required to determine the opening of the
oviduct. At most occasions, semen is deposited intravaginally and, as suggested by Kurbzicv 2t al.
(1976), at a depth of 3-4 cm. For intergeneric crosses semen may be deposited deeper (i.e., clrser to the
utero-vaginal junction) to limit the high intensity of sperm selection in the lower part of vagina. An
alternative to deep intravaginal insemination is intra-magnal insemination: it is, indeed, more effective
and seems to have little impact on the number of oviposited eggs. Depending on the technique in use,
artificial insemination is performed by either two (intravaginal) or three (intramagnal) persons.

As in other species, for Al success, it is very important to maintain fertilizing potency of
spermatozoa kept in vitro. Therefore, unless insemination is performed within 20-30 minutes of semen
collection, the diluents have to be added (Bakst, 1990). No decrease in fertility rate was observed after
geese insemination with semen diluted 1-fold with EK diluent (Eukaszewicz, 2002) and stored for 3
hours, at 4°C.

The percent of fertile eggs depends on spermatozoa number introduced into the female reproductive
tract, its frequency, and the insemination technique. For fertility, particularly important is the proper
timing for insemination, so that critical periods coinciding with the ovulation stage, egg-shell formation,
or oviposition can be avoided (Raud and Faure, 1990). Moreover, it is well known that as the
reproductive cycle progresses, there is an increasing demand for spermatozoa to be deposited in the
oviduct in order to sustain high and persistent fertility rate, whereas the male’s reproductive capacity
decreases (Brillard, 1993). This phenomenon is particularly well seen in fertility rates of geese mated
naturally (Behr and Hartmann, 1992; Chelmonska, 1972). It can be overcome, however, by the use of Al

Opinions on the frequency of geese insemination and number of inseminated spermatozoa
necessary for satisfactory fertility level are not univocal. However, one observation seems to be clear —
goose do not need as many spermatozoa to be deposited in order to gain satisfactory fertility rate, as fowl
and turkey. For domestic fowl hens a dose consisting of 100 mln of progressively motile cells is
recommended for weekly fresh semen insemination. For geese insemination Davtian and Pimenow
(1970) suggested 30-40 min spermatozoa every 6 days, while Grunder and Pawluczuk (1991)
inseminating geese once or twice a week with 14 min cells obtained respectively 54% and 83% of fertile
eggs. According to Borys et al. (1978), fresh gander semen dose should contain 2.7 min spermatozoa per
day and 2-year-old and older geese can be inseminated in 12 days intervals, while 1-year-old flocks,
every 9 days. In the experiments of Lukaszewicz (2002), 9 min live.normal spermatozoa inseminated
weekly with fresh semen resulted in 89% fertility, while the increase in cells number to 20 min resulted in
95.5% of fertile eggs.

Conclusions

Artificial insemination can now be considered as an efficient method of reproduction in goose
breeding and multiplication. Studies conducted over the past decade have, indeed demonstrated its
interest to improve the effectiveness of commercial goose production by increasing the number of
goslings but, also, by facilitating the feasibility of performing crossbreeding and intergeneric crosses for
genetic purposes. Despite this, goose reproduction remains relatively complex to handle due to the
physiological and behavioural specificities of the species. This, indeed, justifies additional research to
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better comprehend the underlying mechanisms which can infer on sperm quality. Regarding this aspect,
research on gogse spermatogenesis and on genetic x physiological interaction at this level may be of
major interest in the future.
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PATHO-EPIDEMIOLOGY OF LOW PATHIOGENIC AVIAN INFLUENZA IN WATER FOWL
AND COMMERCIAL POULTRY

Dr. K.S.Prajapati, Professor & Head, Department of Pathology, Veterinary College, Anand-388001, India

Introduction ;

Influenza viruses are enveloped, segmented, single stranded, negative sense RNA viruses of the
family Orthomyxoviridae, and are divided into types A, B, and C. Type A is seen in man, birds, pig,
horses and many other animals while B and C are only seen in man. Influehza A viruses isolated from
birds are known as avian influenza viruses (AIV) and are further divided into 16 haemagglutinin (HA)
and nine neuraminidase (NA) subtypes. ATV vary in their ability to produce infection, disease and death
in different bird species. Based on the pathobiological effects in chickens AIV are categorized as low
pathogenic avian influenza (LPAI) virus or highly pathogenic avian influenza (HPAI) virus. LPAI virus
cause asymptomatic infection in wild aquatic birds but when introduced into domesticated poultry may
be asymptomatic or produce clinical signs and lesions in respiratory, digestive and reproductive systems,
Among various LPAI virus sub types HON2 has become the most important infection throughout the
world. HPAI rarely infect wild water fowl but cause severe morbidity and mortality in chicken. However,
Eurasian-African HSN1 HPAI virus has evolved over the past decade with unique capacity to infect and
cause disease in domestic ducks and wild birds (Patin-Jackwood and Swayne, 2009).

Reservoirs of influenza A viruses in nature _

ALV are widely distributed throughout the world in many domestic birds, including chicken,
turkeys, guinea fowl, quail, pheasants, geese, and ducks and in wild species, including ducks, geese,
sandpipers, sanderlins, ruddy turnstones, terns, swans, shearwaters, herons guillemots, puffins, and gulls.
Wild aquatic birds serve as a reservoir of all known subtypes. The gene pool of AIV in aquatic birds
provides all the genetic diversity required for the emergence of pandemic influenza viruses for humans,
lower animals and birds. In these species the virus shows antigenic shift and antigenic drift. Rapid
evolution in influenza A viruses in man and animals has continued since long and is dependent on
periodic introduction of gene segments or entire influenza viruses from the avian influenza gene pool.
This is very much evident from the last three human pandemic and recent pandemic of swine flu. In
aquatic wild birds these viruses appears to be fully adapted to its host and causes no disease signs.
However, subtype H5N1 did cause disease and mortality in this population indicating extremely high
pathogenicity of this subtype. In wild ducks influenza viruses replicate in the cells lining the intestinal
tract, cause no disease signs and excrete in high concentration in the feces. Several possibilities have been
suggested for the perpetuation of this virus in aquatic bird population. It is possible that AIV are
preserved frozen in ice or in lake water and reinfect ducks in spring. The infectivity in water is dependent
on the virus strain, saiinity, opH and temperature of the water. At 17° C some strain remain infectious for
up to 207 days, and at 4°C they remain infectious for still longer time, raising the possibility of
persistence of AIV in water when ducks are absent. Continuous circulation in aquatic bird species is
maintained because of their migratory nature. There is also circulation between different avian species
and the regions like tropical, sub tropical and temperate regions. Extremely high isolation rates of LPAI
have been recorded in surveillance studies, with overall figures of about 11% for ducks and geese and
around 2% for all other species (Alexander, 2007). Chicken get infection directly or indirectly from
aquatic birds mostly in the system with out door rearing or back yard farming,
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LPAI sub type HIN2 virus infection

HON2 subtypes of the low pathogenic avian influenza (LPAT) virus has become globally prevalent
in domestic poultry since 1990s and reached panzootic proportions (Alexander, 2002). The natural avian
reservoir of HO viruses were shorebirds and gulls. In poultry, HON2 viruses have caused respiratory
symptoms and egg drops. Mortality noticed when associated with opportunistic pathogens or immune
suppression (Bano et al., 2002). Out breaks of HON2 LPAI occurred in domestic ducks, chickens and
turkeys in Germany during 1995 to 1998, in chickens in Italy in 1994 and 1996, Pheasants in Ireland in
1997, ostriches in South Africa in 1995 and turkeys in the US in 1995 and 1996. Wide spread out breaks
in chickens with HON? viruses in Korea were detected in 1996. Wide spread infections due to HINZ in
chicken were reported in china and Hong Kong during 1994. LPAT HIN2 infections have also been
reported in the Middle East since 1998 and have also caused wide spread out breaks in commercial
chickens in Iran and Pakistan often associated with serious disease problems. The impact of avian
influenza caused by HIN?2 viruses in Pakistan is now significantly more severe than in previous years.
Igbal et al. (2009) identified novel genotype of HON2 influenza A viruses isolated from poultry in
Pakistan containing NS genes similar to highly pathogenic H7N3 and H5N1 viruses. The disease is wide
spread in India among commercial broilers, commercial layers and breeders causing heavy economic
losses. Inspite of being low pathogenic virus its ability to cause high mortality is attributed to secondary
complication with E.coli, mycoplasma, infectious bronchitis virus and New castle disease virus.
Unfortunately no systemic studies were made on this disease. '

Commercial layers: - .

HON2 out breaks in commercial layers are wide spread. Age group involved ranges from 28

- weeks to 68 weeks. No outbreaks were recorded in growing flocks. Generally all the layer flocks in the

farm get affected within perod of 15 days after first outbreak. The average mortality was 5.03 per cent,
which between the flocks varied from 1.2 to 8.7 per cent. In general mortality continued for two weeks.
There was drop in egg production in all the flocks which ranged from 15.37 percent to 28.32 percent. The
average production drop was 21.32 percent. Drop in feed consumption varied from 7.00 g/bird to 26.49
g/bird with average of 14.49 g/bird. In general after onset of outbreak production declined up to 3 weeks
which later on started recovering but fails to reach original production before 5 weeks. There was no
change in the eggs shell quality and the internal quality of eggs except few lathery eggs in the initial
period of production drops.

The haematological data like Hb, PCV, RBCs and WBCs counts were found significantly low
compared to that of normal healthy birds. There was relative heterophilia and lymphocytopenia which
was the result of lymphocidal effect of virus.

Clinical signs included sudden onset of depression, reduced feed intake, egg drops, dullness and
facial edema. Postmortem of birds revealed gross lesions mainly in respiratory, genital and digestive
system. Affected birds showed mild to severe congestion even leading to hemorrhages in trachea.
Excessive mucus in trachea and fibrinous flacks like material in the lumen were also observed. Lung
showed congestion and edema in most cases. Few cases showed consolidation at the insertion of bronchi.
Lesions of severe mucous degeneration with fibrinous clot in the nasal sinuses were also seen. Thoracic
and abdominal air sacs were edematous, frothy and contained fibrinous exudates. Peritonitis was
observed with low amount of fibrinous exudates and relatively large quantity of thick, white-yellow
colored fluid in the abdominal cavity. Lesions in oviduct comprised severe transmural edema with clear
excessive egg albumin in lumen. Proventriculus showed petechial hemorrhages. Pancreas was enlarged
and hardened in few cases. Other organ like intestine, heart, liver, kidney and spleen did not show
significant gross lesions. :

Microscopically, trachea revealed variable severity of congestion, hemorrhages, mucous
degeneration, mucosal edema, mononuclear cell infiltration and fibrinous tracheitis with fibrin exudates
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in lumen. There was deciliation and desquamation of tracheal epithelium. Lung revealed edema,
congestion, hemorrhages and thickening of interstitial septa with macrophage infiltration. Bronchi
revealed mild to moderate congestion and mononuclear cell infiltration. Edema of the wall of the oviduct
was most severe in the muscular layer with mild diffuse infiltration of heterophils and macrophages and
an associated infiltration of lymphoplasmacytic cells around the veins. Pancreatitis with congestion,
hemorrhages, infiltration of mononuclear cells and occasional focal necrosis were observed in pancreas.
Liver and spleen showed congestion, hemorrhages and mononuclear cell infiltration. Additionally in
spleen, lymphoid depletion with RE cell hyperplasia was also seen. Caecal tonsils showed hemorrhages
in few cases. Kidney showed congestion, hemorrhages, glomerulonephritis and interstitial nephritis.
Commercial broilers:

Maximum prevalence of LPAI HON2 was recorded in the month of March, April, May and June.
The average mortality due to LPAI out breaks was 22.45 per cent. The age group affected with LPAI
ranged from 17" day to 32 day. The average body weight of affected farms at the end of 3, 4™ 5" and
6™ week of age were significantly lower than non affected farms at the respective age. The hematological
values like Hb, PCV, RBCs and WBCs counts were  decreased in  all LPAI affected flock as compared
to normal healthy flocks. There was relative heterophilia and lymphocytopenia which indicates
lymphocidal effect of virus. .

Gross lesions were mainly observed in the organs of respiratory system. Affected birds showed
severe congestion, haemorrhage and presence of excessive watery mucus in trachea. The most severe
cases had fibrinonecrotic casts at the tracheal bifurcation. Lung showed congestion, edema and
haemorrhage in LPAI affected birds. Thoracic and abdominal air sacs showed edema and deposition of
fibrin with variable severity. Other organs like heart and liver showed deposition of fibrin on the surface
in most of the cases.

Microscopically, trachea revealed Congestion, mucus degeneration, infiltration of mononuclear
cells in the mucosa and sub mucosa and necrosis of epithelial lining. Lung revealed congestion,
hemorrhages and mononuclear cell infiltration and deposition of fibrin in Para bronchi. Mild congestion,
hemorrhages and focal acinar necrosis were observed in pancreas in few cases. Spleen showed
congestion, hemorrhages and RE cell hyperplasia. Liver revealed fibrinous perihepatitis with congestion
and haemorrhages of hepatic parenchyma and mononuclear cell infiltration. In most cases heart revealed
thickening of the pericardium with deposition of fibrinous exudates and infiltration of mononuclear cells
and few heterophils.

LPAT HIN2 and HPAI H5NI have been widespread in poultry across large areas of the world
resulting in a modified eco-epidemiology and a zoonotic potential. In recent years the HON?2 viruses have
undergone extensive genetic reassortment which has led to the generation of HIN2 viruses of novel
genotypes in the Indian sub continent. The novel genotypes of HIN2 viruses may play a role in the
increased problems observed by H9N2 to poultry and reinforce the continued need to monitor HON?
infection for their zoonotic potential. An extraordinary effort is required to manage these epidemics from
both the human and animal health perspectives.
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DUCK PROCESSING, FOOD SAFETY AND QUALITY
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Abstract

During many years meat production, for red as well as for white meats, is characterized by an
ongoing demand for increased production efficiency. Especially for poultry (more for broilers than for
turkeys, ducks and geese), due to genetic selection this has resulted in higher growth speeds of the birds
and an increased percentage of breast meat percentages of the carcasses. However, along with the drive
for cost reduction and thus lower feed and protein conversion ratios this may lead to impaired meat
quality as well as animal welfare and health problems, because of this growing at the edge of what is
metabolically possible. Meat quality therefore is one of the four quality attributes. Others are animal
welfare, product safety, product yield.

Poultry production and processing involve a series of interrelated steps designed to convert birds
into ready-to-cook whole carcasses, cut-up carcass parts, or various forms of deboned meat products.
Poultry meat quality is directly related to post-mortem chemical, physical and structural changes that
occur during conversion of muscle to meat. Events which occur before and after the slaughtering of
poultry influence carcass and meat quality. Major poultry meat quality attributes are appearance, texture,
juiciness, flavor and functionality. For consumers appearance and texture are the most important. With
the increasing trends in further processing, meat functionality and all sensory quality attributes have
increased in relative importance.

Understanding of pre-slaughter and processing factors that influence poultry meat quality
attributes, especially color and texture, is necessary to produce consistently high quality poultry products.
Also complex products such as sausages, marinated fillets, breaded products, etcetera, require
understanding of the contribution of poultry meat to these products as well as their influence on sensory
properties of the final food product. In these cases functional properties such as water holding capacity
are critical for successful product formulation.

Duck farming has a long history, but the modern duck industry is a relative small one in most

parts of the world. However the duck industry is very dynamic and over the last couple of decades has
been through a period of rapid expansion. In some parts of the world duck production has started to
challenge the consumption of other types of poultry. More than 2/3 of the ducks are produced in China
and so it is inevitable that what happens or does not happen in China will have a profound impact on the
world of duck production.
Food safety begins with the suppliers of agricultural inputs to farmers and those involved in food
production since materials such as pesticides and veterinary drugs pose different risks and therefore
require specific attention. Animal feeding stuffs containing pathogens, including bacteria or toxic
chemicals, may also pose specific risk.

This paper concentrates on aspects of duck processing and their effects on food safety and meat quality
“aspects.

Lead Paper 46 .



Proceedings of the IV World Waterfowl Conference, 11-13 November,2009, Thrissur, India

Table 1. World duck slaughterings (millions)

1997 2002 2007
World 1599 2173 2715
Africa 24 25 25
Americas 45 46 50
Asia 1384 1923 2474
Europe 143 175 162
Oceania 4 5 6

Data: Watt Executive guide 2009-2010

Table 2. Duck meat production (000s)

1997 2002 2007
World 2365 3187 3955
Africa 54 57 58
Americas 92 97 129
Asia : 1862 2560 3327
Europe 350 464 430
Oceania 7 10 11

Data: Watt Executive guide 2009-2010

‘Table 3. Examples of duck consumption, selected countries (kg per capita)

2001
Hong Kong 2.5
Singapore 25
Taiwan 2.0
France 13
China 1.0
Malaysia 0.9
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Like chicken, ducks are reared for eggs and meat. Duck eggs are relatively larger, weighing about
4.5% of duck’s body weight, compared to chicken, whose egg weight is only about 3.3% of the hen’s
body weight. Moreover, ducks are more prolific than chicken and more adaptable to free-range system of
rearing. They also grow faster than chicken. That is why; they are more popular in many European and
Asian countries. They need simple housing, comparable to chicken.

Duck farming- Indian Scenario :

As per livestock census 2002, the duck population of India is 23.48 million constituting 8.52
percent of the total poultry population. As per FAO statistics (2004), the duck meat production increased
from 0.026 million tonnes to 0.15 m tonnes, recording 577 percent increase in growth rate, in two
decades. The distribution and demographic dynamics of duck population revealed that they are
concentrated in Eastern, North eastern and Southern states of the country. The leading states ‘in duck
population are West Bengal, Assam, Kerala, Andhra Pradesh, Tamil Nadu, Bihar and Orissa.

Duck farming in India is characterized by nomadic, extensive, seasonal, and is still held in the
hands of small and marginal farmers and nomadic tribes. Traditionally West Bengal and Kerala are the
major consumer states for duck egg and meat and one of the reason is that duck egg and meat highly suits
and remains tastier for their fish based culinary preparations.

Advantages of Duck farming

1. Ducks are more prolific and produce about 20 eggs more than backyard chicken.

2. Size of the duck egg is 10-15 gram larger than chicken egg.

3. Ducks have long productive and profitable life i.c., they lay eggs profitably during second
and third year also.

4. Ducks supplerhent their feed by foraging; hence it will reduce the feed cost.

5. Marshy, swampy river side, wet lands, barren lands not suitable for chicken can be used
for duck rearing.

6. Ducks lay their eggs during early in the morning (3am to 8am) and saves time and enables
easy egg collection.

7. Duck farming is having symbiotic relationship with paddy cultivation, so ducks and paddy
cultivation can be integrated in the entire paddy farming areas.

8. Ducks are quite intelligent birds and they can be éasily trained for their daily routine
(going to ponds, feeding etc) and it reduces the labour for management. '

9, Ducks are quite hardy birds and can be easily brooded and are resistant to common avian
diseases. : : :

10. Broiler /green ducks are very fast growing than chicken, with better growth rate and feed

_efficiency. ' '
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Breeding Management

The desirable sex ratio for good fertility and hatchability for ducks is 1:6 for intensive rearing and
1:15-20 for extensive rearing system. In extensive system of rearing of rural ducks, farmers keep a wide
sex ratio of 1:20-25, however they get a reasonable good fertility of 70-80 percent. Drakes usually mate
during swimming. The high heritable traits like body weight, growth rate, rate of feathering, egg weight
shall be improved by individual or mass selection. Medium heritable traits like age at sexual maturity,
breast width and low heritable traits like egg number, hatchability and fertility shall be improved by
family selection. Based on the above facts, individual selection may be followed for broiler breeding and
family selection for layer breeding. In duck breeding, trap nesting is practically difficult to practice, so
sire family selection may be practiced.

Brooding of ducklings

Ducklings may -be brooded on wire floor, litter or batteries. The ‘brooding period of layer
ducklings is 3-4 weeks. For meat type ducklings, brooding for 2-3 weeks is sufficient. In general, in
colder season, brooding period may extend up to 1-2 weeks longer than the regular period. Provide hover
space of 90-100 sq.cm per duckling under the brooder. A 100 watt bulb can brood 30-40 ducklings. The
temperature of 32°C is maintained during the first week. It is reduced by about 3°C per week till it
reaches 24°C during the fourth week. In wire floor, space of 0.5 sq.ft per bird and in litter 1 sq.ft per bird
is sufficient up to three weeks of age. Water in the drinkers should be 5.0-7.5 cm deep, just sufficient to
drink and not to dip themselves. In deep litter brooding, the thickness of the litter will be 3 cm and above
to absorb the excess moisture in the ducks’ droppings.

In extensive system, no artificial warmth is provided, but the heat of broodmg shed is conserved
by making “Closed tents” (Tent broeding) to provide the required warmth. The ducks are allowed to
swim in water after the brooding period is over. The duckling may be fed with 24% protein crumbled
feed or wet mash, ad libitum from day one onwards. The feed must be free from aflatoxin and other
toxins, since they are very sensitive for toxins.

Grower management

Ducks may be reared in intensive and semi intensive system. Under intensive system, floor space
of 3 sq.ft per bird up to 16 weeks of age is sufficient. Under semi intensive system of rearing, a floor
space of 2-2.5 sq.ft per bird for night shelter and 10-12 sq.ft per bird for outside run is necessary for free
flow of birds up to 16 weeks. Water in the drinkers should be 10 -12 ¢m deep to allow the immersion of
their heads. Partitions up to the height of 60-90 cm separating the pen and run are adequate for control of
ducks.

In rural duck farming, straight run ducklings (male and female) will be reared up to 10 to 15
‘weeks of age, then female ducks will be kept for laying purpose and male ducks will be sold for meat
purpose after selecting good males for breeding.

Layer management

Under intensive system, a floor space of 4 sq.ft per bird is essential. In semi intensive system a
floor space of 3 sq.ft per bird for night shelter and 10-12 sq.ft per bird of outside run space is required.
For wet mash feeding 10 cm of feeding space and for dry mash or pellet feeding 7.5 cm of feeding space
“per bird is required. For the collection of clean and hatching eggs, a nest box with 30x30x45 cm
dimension shall be provided at the rate of one per three ducks. A light of 14-16 hours is necessary for
optimum egg production.

The age at first egg and 50 percent egg production are 120, 140 days and the annual egg number
is 320 eggs for Khaki Campbell ducks in intensive farming. The daily.feed intake during laying period
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will be 120-140 gram, dependi'ng on the rate of egg production and body weight. The body and egg
weights at 40 weeks of age is 1.8 kg and 68 grams, rcspectlvely

Feedmg Management of Ducks

, Under intensive system of rearing ducks, they are- meal eaters, taking .2 or 3 meals a day like
humans; while.chickens are nibblers; which-nibbles with feed continuesly. It is commonly believed that

the nutrient requirements of ducks are quahtatlvcly similar to that of chicken, but ducks are having high

growth rate during its early stage of growth. Ducks. are attaining 70 percent (Chicken 40-50 percent) of

the adult body weight at 12 weeks itself, which makes it more suitable for broiler production. Hence they

need a.high protein diet. :

Ducks are good foragers. In extensive system of reanng, ducks are allowed to graze o1 pre and
post harvested paddy fields, ponds, lakes, canals. In this system, fallen paddy grains, insects, snails,
earthworms, small fishes, fingerlings, tadpoles, water plants like algae etc. are the main source of feeding
for ducks. Here, it is worth mentioning that paddy cultivation and duck farming is having symbiotic
relationship, paddy fields are the excellent foraging centers for- grazing ducks and duck droppings are
good sources of manure for paddy field and they also condition the soil by its shoveling like action in
grazing and feeding: So active duck farming is seasonal, coincide: with monsoon based. paddy cultivation
season: As a thumb-rule 100 ducks require 0.5 acre paddy field per day for effective grazing.

During non laying periods, they are fed with low cost feed sources like paddy husk and low
graded. grains like broken rice; sorghum etc. Normally the rural duck farmers are practicing exclusively
extensive system of rearing with grazing. Ducks will digest paddy and scaly fish and other sclera protein
like fish scales, insects etc.

However, under-the intensive and semi intensive system of- rearmg, ‘ducks may be fcd thh wet
mash or pellets. Ducks prefer wet mash due to difficulties in swallowing dry mash. For wet mash
preparation, about 350 ml of water is added for each kg of feed. Prepare fresh wet mash each time, to
prevent feed spoilage. Wash'and sun dry feeders daily, to prevent caking. So pellet feeds are preferred,
especially for broiler ducks.The most important point in feeding is Ducks-should have a continues access
to water, during feeding. . During the first eight weeks, ducks should always have an access to feed but
later on they may be fed twice a day ie first in the morning and then later afternoon:.

'Watermg of ducks : ~ : -

Though ducks are water fowls and fond of water, in contrast to the: prevallmg myth among
. farmers, water for swimming is not essential.at any stage of rearing. However, water in drinkers or water
‘channels provided in the house should be sufficiently deep enough.to allow the immersion of their heads
and not themselves. If they cannot do this, their eyes will get scaly and crusty and in some cases,
bhndness may follow. In'addition, they also clean their bills periodically and wash them to keep it clean.

Common dlseases of Ducks Ce

In general, ducks are subjected to relatively few diseases when comparcd to chicken, but they are
serious in nature. Light sandy soil is ideal for duck farming, because it tends to keep less disease germs
and drain well. Since certain infections. of chickens may be transmitted to ducks such as salmonellosis,
cohba01llos1s itis desnable to kecp duck farm away from commercial chicken farms.

Dnck virus enterltls (Duck Plague) ) ' '

It is -an important contagious disease affectmg adult bll‘dS charactenzed by vascular damage with
tissue haemorrhage and free blood in body cavities. The intestine and gizzard will be filled with blood. It
usually occur in per. acute form and the mortality varies from 5-100 percent. The major symptoms are
.droopiness, ruffledfeathers,.discharge from eyes and nostrils, swollen and sticky eyelids, greenish watery
diarrhea. In males prolapse of penis and in females severe drop in egg production will be noticed.
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The lesions are vascular damage, severe haemorrhages in gastro intestinal tract, petichae in.liver;
pancreas, lungs, kidney, ovary. In layers massive haemorrhages in ovary some times fill the abdominal
cavity. Parent-stock and commercial stock shall be immunized with live attenuated vaccines to transfer
maternal antibody to the chicks. Commercial layers also-immunized with vaccines at 8 weeks of age and
repeated once in six months in endemic areas. Severe outbreaks of duck plague can be treated
successfully, by administration of the homeopathic drug,” Mercurus corrosives-6 /12” at. a- dose of 5=
10ml per 1000 ducks once or twice daily for 1 to 3 days. :

Duck virus hepatitis

It is a highly infectious disease of ducks primarily affecting ducklings of 2-3 weeks of age,
characterized by severe hepatitis. The major symptoms are closed eyes, falling on their sides, severe
convulsions and death. The primary lesions are enlarged liver with haemorrhages. The reddish
- discolouration and mottling appearance of-the liver with enlarged spleen and kidney is observed
Breeding stock can be immunized at 6-7 months of age to protect the ducklmgs

Salmonellosis

The main causative organism is Salmonella typhimurium, usually occurs dunng first few days of
life, clinical manifestation will be exhibited during the start of lay or peak production, The major
symptoms are swollen and edematous eyelids. The primary lesions are enlargement and mottling of liver,
pericarditis and arthritis makes the bird difficult in standing. The sulpha and furazolidone are the drug of
choice for salmonellosis and control is by removal of cartier birds. '

Pasteurellosis (Duck cholera) .

It is an infectious disease caused by Pasteurella multocida around four weeks of age. The
symptoms are raised body temperature, green colour diarrhea, complete paralysis of legs and sudden
death. Prevention is by vaccination and treatment with suitable antibiotics. The prominent lesions are
pericarditis and arthritis, petichae in myocardium. The distended pericardial sac will be filled with yellow
flakes and caseous masses. Treatment with sulpha drugs will be beneficial and control with elimination of
affected birds,

Aflatoxicosis

It is caused by aflatoxin produced by the fungus Aspergillus flavus and they arc most potent
carcinogen for ducks. Maize, Groundnut oil cake, soya bean oil cake, rice polish are the major feed
ingredients for aflatoxin production on storage in wet conditions. Improper drying and humid weather
favours the fungus growth. Ducks are very susceptible to aflatoxin content of the feed especially exotic
ducks are more susceptible than indigenous ducks. The common aflatoxins are By, By, Gy, G, and B is
the most potent toxin. The minimum toxic dose is 0.03 ppm in the feed. The major symptoms are poor
growth, lameness, purple discolouration of feet and legs. Ducklings will develop ataxia, convulsion and
death. There is no specific treatment for aflatoxin and the preventive measures are, avoid the wet and
mouldy feed and feed stuffs and use of completely dried feed and addition of fungistats and toxic binders.

Aspergillosis

It is caused by Aspergillus fumigatus. Inhalation and ingestion are main modes of infection. The
symptoms are dyspnea, gasping and accelerated breathing and oculaf discharge. The major lesions are
yellowish grey material or whitish fluffy spots in lungs, trachea, and abdominal cavity. The prevention is
by good management of litter and avoiding over crowding.
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Parasitic diseases .. . :

Ducks are resistant to internal parasites, however, ducks grazing stagnant and over crowded ponds
may. get infestation of fluke, tape and round worms. Regular deworming with broad spectrum
anthelmintics at 3 months interval during growing and laying stage will control the problem.

Duck Housing

In general, ducks need not require elaborate houses. The house should be well ventilated, dry, and
rat proof. In semi intensive system of rearing, the house should have easy access to outside run as the
ducks prefer to come out during the day time, winter and rainy time. The run should have slope away
from the house to provide drainage. In the house of semi intensive system, a continuous water channel of
size 50 cm wide and 15-20 cms depth should be constructed at the far end, parallel to the pen in the
grower and layer house. ' -

Ducks can be reared in a variety of housing, starting from a topless fenced night shelter, to a
sophisticated intensive housing, similar to chicken housing. Since duck dropping are more watery, they
are more suitable and comfortable on wire floor rearing., with pen —¢um —run system. The run must be
sandy to absorb more moisture, with slope towards the other end of the run; where a 15” wide X 10” deep
water channel is provided. The water channel must be cement concrete, with ramp towards shed, for easy
access for the ducks to in out of the water channel.

In many oriental countries, bamboo slats are used in the pens and absorbent floor in the run. The
slat holes must be small to prevent eggs falling below the slats and legs get trapped in between the slats.
Broiler ducks or green ducks, must not have access to swimming, because it will not only toughen the
meat; but also results in poor feed efficiency. For better results, green ducks must be reared under
intensive system, preferably on slats, with no access to swimming and fed with high efficiency pellet
feeds, free from mycotoxins. ‘
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CLIMATE CHANGE ADAPTATION.IN POULTRY PRODUCTION AS A PART OF FOOD SECURITY
IN KERALA, INDIA
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Models on global warming indicate that rise in temperature on an average is likely to be around 3 °C
'by the end of this century. If rise in sea level happens as projected, the coastal areas which are thickly
populated will be in peril and for the existing population the safe drinking water will be a great problem
in addition to the damage to animal agriculture like poultry due to global warming. Ozone depletion is also

. taking place at faster rate due to man made interventions in the form of CFCs. The CFCs are used in a variety
of industrial, commercial, and household applications. These substances are non-toxic, non-flammable and
non-reactive. They are used as coolants in commercial and home refrigeration units, aerosol propellants and
electronic cleaning solvents. The diurnal variation of UV-B radiation recorded at KAU, Vellanikkara (Kerala,
India) revealed that the UV filtered radiation (>1MED) reaches the ground surface between 1030 h and 1430
h, which may be detrimental to biological activities. The ozone loss leads to more UV radiation reaching
earth. It has the potential to increase incidence of skin cancer, cataracts and damage to people’s immune
system. In addition, osquito transmitted diseases are increasing year after year due to global warming. Little
is known on impact of ozone depletion and increasing UV-B radiation on ontogeny of tropical plants and
human and animal diseases since studies in this direction are very few. Because CFCs remain in the
atmosphere for100 years, continued accumulation of these chemicals pose ongoing threats, even after their use
is discontinued. o '

The State of Kerala also experiences decline in annual and monsoon rainfall and increase in
temperature. The mean annual maximum temperature over Kerala has risen by 0.6°C, the minimum temperature
by 0.2°C and the average by 0.4°C between 1956 and 2004. Increase in maximum temperature and
decrease in minimum temperature were also noticed at several locations and thus there is a threat to
thermosensitive crops and animal agriculture like poultry. The maximum temperature shot even up to 40
°C in Palghat during February, 2004 due to absence of rains from November, 2003 onwards. The ever
highest maximum temperature of 41° C was recorded on April 26, 1950 at Palghat. The year 1987 was
the warmest year over Kerala. The decade 1981-90 was the driest decade over Kerala due to failure of
northeast monsoon and pre-monsoon showers during summer. Severe summer droughts were noticed in
1983 and 2004, led to abnormal increase in maximum temperature during summer during the above two
years. In contrast, the monsoon behaviour in 2007 was totally different to that of previous years and
heavy rains were noticed from June to September, led to floods in low lying areas. The paddy crop in
Kuttanad belt was flooded and the final crop productivity as well as production was less. The average
yield of paddy in farmers™ fields of Kuttanad, which is one of the rice bowls of Kerala, was only 3.0 t/ha
as against the expected harvest of 5.0 t/ha. Out of 9,118 ha of total cultivated land, 5623 ha of paddy was
damaged in the Alappuzha belt of Kuttanad alone in Kharif 2007 due to floods. The prolonged rains also
led to delay in “puncha sowing (second crop). The high acidic nature and salinity of the Kuttanad soil
were intensified due to floods and bund breaches during the monsoon season. To add to this monsoon
fury, the unusual summer rains from 13-23" March, 2008 also devastated the paddy production to a
considerable extent in Alleppey District and Kole lands of Thrissur District. More than one lakh tonnes of
paddy were the loss during 2007-08 due to occurrence of floods and unusual summer rains.

The State of Kerala has always been a food deficit State as it produced only 45 per cent the rice it
needed even in 1950s. The deficit gradually rose to 76 per cent in the end of last century and now it is 85
per cent. It was attributed to decline in paddy lands and other socio-economic factors in addition to the
occurrence of floods. The area under paddy cultivation was 7.6 lakh hectares in 1950s and it is now only
2.5 lakh hectares. Decrease in wetlands might be also one of the reasons for frequent floods during rainy
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season and summer droughts in recent years rcsultmg in food crisis and price rise whcn such weather
phenomena occur and re-occur.

The national economy is also mostly agrarian based and depends on onset of monsoon and its further
behaviour. The year 2002 was a classical example to show how Indian foodgrains production depends on
rainfall of July and it was declared as the all-India drought, as the rainfall deficiency was 19% against the
long period average of the country and 29% of area was affected due to drought. The All-India drought
is defined as the drought year when the rainfall deficiency for the Country as a whole is more than 10%
of normal and more than 20% of the Country’s area is affected by drought conditions. The khanf
foodgrains production was adversely affected by a whopping fall of 19.1% due to all-India drought
during monsoon 2002. Similar was the case during all-India drought in 1979 and 1987. Rice production
in India is llkely to be adversely affected in 2009 also. It was due to erratic monsoon behaviour and ended
with 23 % rainfall deficiency, which was second highest rainfall deficit year after 1972 in which the
rainfall deficiency was 24 %. As a whole, the Indian foodgrains production is likely to be less by 16 %
due to deficit monsoon rainfall of 2009. All these monsoon rainfall events reveal that the occurrence of
droughts during Southwest monsoon across the Country adversely affect the Indian foodgrains
production to a greater extent.

The occurrence of droughts and floods may be having direct 1mpact on animal agriculture like poultry
as non availability of feed may lead to low egg production and mortality. Like floods and droughts, the
occurrence of heat waves on poultry is detrimental as low intake of feed due to high maximum
temperature lead to low egg productlon The production was less by 20.9% in poultry egg due to increase
in maximum temperature by 2-8 ° C. during March 2004 in Himachal Pradesh ( Rajendra Prasad and
Ranbir Rana, 2006). According to Natarajan (2006), mortality is high when birds are suddenly exposed to
heat wave conditions (air temperature. touching mercury mark of 38 ° C and above) but it may not be the
case when acclimatization to higher temperature is gradual or when protective measures are adapted
anticipating the heat wave. Such high temperatures prevail in the central part of Kerala as noticed
recently.in summer 2004 when severe drought occurred. The requirement of egg production by 2020 in
India is just above 30 million tonnes in addition to the requirement of other crop and animal food as per
the ICMR dietary requirements for a balanced diet in tune to the expected human population increase. It
is to be achieved against the projected global warming of around 1° C. by 2020 at the current level of
increase in CO,, which may lead to frequent occurrence of heat and cold waves and floods and droughts.
.They adversely affect poultry health and production including egg and meat production. Therefore, there
is urgent.need to climate change adaptation strategies in animal agnculturc like poultry production under
projected climate change scenario. ‘As a part of adaptation strategy, farmers are advised to look into
housing design to cope up with weather extremes as a pro-active measure. Increase- diet energy, stimulate
feed intake, body energy reserve, wet mash feeding, protein level correction with minerals and vitamins
supplement, electrolyte balance, provision of cool water with nipple type-and advance planning in diet
change are some of the adaptation strategies against high temperature according to Natarajan (2006).
Under high humid and rainfall conditions, sufficient stocking of the grains, good drying facilities and

- quality measures (mycotoxin estimation) will not only safeguard the birds from a possible outbreak of
mycotoxins but also minimize the loss through reduced egg production and poor feed conversion. Poultry
breeders. should produce genotypes which can tolerate higher levels of both biotic and abiotic stresses
through appropriate bio-safety and bio-security measures, mining and blending of desired genes from
wild and native poultry populations or from other animals including microbes, selection of poultry for
disease resistance, efficient feed conversion and tolerance to humid and hot climatic conditions according

. to Yadav (2009). However, animal agriculture requires immediate and substantial changes in regulation
of production practices and consumption patterns as emissions of GHGs are likely to increase and thus
leading to global warming.

Lead Paper ' 34



Proceedings of the IV World Waterfowl Conference, 11-13 November,2009, Thrissur, India

It reveals that the occurrence of floods and droughts and heat and cold waves are common across the
world. The adverse impact of weather calamities on world economy is tremendous in the form of food
insecurity and increase in food prices. It is more so in India as our economy is more dependent on
Agriculture. Interestingly, weather extremes of opposite in nature like cold and heat waves and floods
and droughts are noticed within the same year over the same region or in different regions across the
Country. Reports indicate that they are likely to increase in ensuing decades and food insecurity is likely
world-over. Therefore, there should be a determined effort from developed and developing countries to
make industrialisation environment-friendly by reducing greenhouse gases pumping into the atmosphere,
Awareness programmes on climate change and its effects on various sectors viz., food security, health,
infrastructure, water, forestry, land and ocean biodiversity and sea level and the role played by human
interventions in climate change need to be taken up on priority. In the process, lifestyles of people should
also be changed so as not to harm earth-atmosphere continuum by pumping greenhouse gases and CFCs
into the atmosphere. Finally, we have to foresee the weather extreme events and prepare ahead to combat
them so that the losses can be minimised. Therefore, strategies on mitigation and adaptation against
weather extremes are to be chalked out on war-footing. Similarly attempts are to be made to forewarn
local weather systems and weather extremes so as to minimise the human and crop losses. In addition,
weather insurance package to the farmers against weather related disasters should be made compulsory
and operational in an event of their occurrence. It will help them to maintain their livelihood in an event
of weather extremes that depend solely on the income of Agriculture. It is the phenomenon even world
over and thus there should be a mechanism to sustain food security against weather calamities.
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GROWTH PERFORMANCE OF PURE AND CROSSBRED DUCKLINGS
IN ANDAMAN AND NICOBAR ISLANDS

A Kundu*, S.Jeya Kumar, T.Sujatha, Jai Sunder, R.C.Srivastava and M.S.Kundu
Central Agricultural Research Institute, Port Blair, Andaman and Nicobar Islands, 744101

Abstract
Day old ducklings of Andaman local- Chara-Chembelli (CC) (mixed population),

Khaki Campbell (KC), Pekin (P) and its various crosses viz PxP, PxCC, PxKC, KCxKC,
KCxCC, CCxCC, CCxP, and CC x KC were evaluated for growth performance. A total of
128 healthy day old ducklings 16 in each group were reared in deep litter floor pen system of
open sided pouliry house. All the ducklings were provided with similar feeding and
management conditions. Ducklings were kept in well cleaned and disinfected separate pens
up to 21 days of age and thereafter transferred to 8 separate growing houses.. Duck starter
ration was provided up to 14 days of age and thereafter grower ration was provided up to the
age of 56 days. All mash dry feed and ad libitum water was provided through out the
experimental period. Feed intake was recorded at the end of each week up to 8 weeks of age.
The total feed consumption by each duckling was calculated. The ducklings were weighed at -
the beginning and then once in a week thereafter through out the experimental period. Feed
efficiency and survivability of ducklings were recorded. Performance Index percent and
production number were calculated. _ _ :

~ The day old body weight, final body weight and live weight gain at 56 days of age, feed
conversion ratio, performance index percent, and production number were observed highest
in PXP and lowest in local CC where as the ducklings of PxCC cross showed second highest
next to PxP ducklings in respect of final body weight (1817.4+99.44 g), live weight gain
(1783.54199.44 g), feed conversion ratio (3.12), performance index’ (58.25%), and
production number (95.93). The differences among the treatment groups were statistically
significant (P<0.01). The lowest feed intake was observed in CCx KC group (4448.02g) and
highest in PxP group (6675.44g). The P x CC group consumed 5564.64 g of feed next to the
PxP group. The survivability was highest in local CC x CC group (94.34%) followed by
PxCC (92.22%), CCXP (90.12%), KCXCC (88.89%) and PXP group (88.82%).The Lowest
survivability was. observed in KCXKC (77.82%) The highest production number was found
in PxP (121.70) and lowest in CCxKC (51.29).. It also indicates that the use of sire from PxP
genotype having higher growth rate with dam of other genotypes of relatively lower growth
rate than PxP, results in improved production number. '
Considering the growth performance, the PxCC crossbred showed better than all other
crosses and may be used as meat purpose duck. |

Key words: Body weight, ducklings, cross bred, Chara-Chembelli, Pekin, Khaki Campbell,
feed conversion rato, production number, survivability, performance index.!

Introduction _
Ducks in India, with 23.5 million populations (Livestock census 1987) occupy an
important position next to chicken farming in India. They form about 8- 10% of poultry

! Telephone: 913192-252684, Fax no. 913192- 251068, e- mail: drakundul @yahoo.com - :
Dr A.Kundu, Principal Scientist and Head, Animal Science Division,CARI,Port Blair A&N Islasnds,744101
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population and contribute more than7% of the total poultry produced and 10% of total egg
production in India. Ducks form 3% of the total poultry population of the islands‘and 2% of
the eggs produced from ducks. The small, marginal and landless farmers raise about 90% of
the ducks in these Islands (Ahlawat et. Al 1987, Ahlawat, 1986)). As per 2003 census the
total duck population in A&N islands was 63866 (desi) and.2531 improved variety. This
form about 7.24 % of total poultry population-in these islands. Ducks are mostly concentrated
in eastern and southern states of India mainly coastal region and Andaman and Nicobar
Islands with non- descript indigenous stocks, which however are poor layers. A study
revealed that the ducks in these islands are reared on very small scale by poor and marginal
farmers as a free range condition. Mostly desi ducks are reared and very little supplemented
feeds are given in the form of broken rice bran or in the form of slurry and most of the
nutrient requirements are met by the free grazing near the homestead, ponds, nallahs and
paddy fields where ducks feed on insects, worms, greens, snails and earthworms (Senani et.
al.2001,2002). Their study on deshi ducklings collected from farmers’ field and rearing under
farm condition revealed average hatch weight of 33.3£2.91g. The average body weight of the
male and female ducks at 16™ and 25" week of age were 54541.03, 655+81.49 and
1284+38.28 and 1280+30.0 g respectively. Age at sexual maturity was 183 days and
corresponding body weight was 1257.14+35.16g. Average egg “vy‘e'ight was 42.72+2.16g and
hen housed egg production was 33.8% over a period of 100 days. Senani et al (2002)
reported average hatch weight of 42.,41 and 35g in ducklings of desi x Khaki Campbell and
Khaki Campbell x desi cross, and in desi ducklings respectively and the respective body
weight after 4 weeks were 130, 290 and 340g , and the corresponding growth rat_és were
2.9,8.3 and 10.2 g /day. Baruah et. al. (1993) reported highest mortality in Khaki Campbell
followed by Pati and lowest in the crossbred during the period from day old to 20 week of
age. Narahari et al (1986) reported aflatoxicosis to be the major cause of mortality as 6.7%,
0.4% and 3.5%.in indigenous ducks from the period 0-8, 9-20 and over 20 wecks of age
respectively against the corresponding mortality- of 12.9%, 9.2% and 6.4% in Khaki
Campbell ducks. o T -
. Deshi ducks are poor producer of meat and eggs compared to those, of exotic breeds;
survivability of indigenous ducks is higher 'than?pxcjtic duicks’ (Hamid et al 1988). In A&N
islands the available duck breeds are non-descript deshi, Chara-Chembelli (indigenous),
Pekin, and Khaki Campbell. Pekin is.an excellent -meat producing ducks but has poor
scavenging ability and high mortality under extensive condition (Ahmed, 1986). Indigenous
ducks are well adapted to management and ‘rural 'condition of Andaman and yield good
quality meat. Exotic breeds of ducks are heaviet and good layer than desi ducks, which are
less acceptable to Andaman farmers due to its Tower survivability. Local type ducks have
special characteristics of tropical adaptability, better resistance to diseases and meat quality.
Exploitation of these qualities uising advance breeding methods would léad fo economically
viable backyard keeping-of ducks which can be used on larger scale in rural as well as sub-
urban areas. : , . . S S
There is scanty of information in relation to growth-performance of-different pure and cross
‘bred ducklings in Andaman climatic condition. Keeping in view, the present study was
designed to evaluate the growth performance of native breeds and their crosses with the
exotic breeds for finding out the differences in growth performance among different genetic
groups under tropical conditions.  © - e

Materials and methods e o -
~ One hundred twenty eight day old ducklings-of 8 genotypes viz: Pekin.x Pekin (PXP),
Pekin x Chara:Chembelli (P x CC), Pekin x Khaki Campbell (PXKC); Khaki-Campbell’ x
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Khaki Campbell (KCXKC), Khaki Campbell X Chara —Chembelli(KC X CC), Chara -
Chembelli x Chara- Chembelli (CCXCC), Chara- Chembelli x Pekin (CC x P) and Chara-
Chembelli x Khaki (CCx KC) were randomly selected and distributed equally in eight
treatment groups (16 ducklings in each) on the basis of genetic group. All the experimental
birds were reared providing standard management condition and IAEC approved standards.
Commercial BIS grade duck starter and grower feed was provided from 0-14 days of age and
15-56 days of age respectively. All mash dry feed and water ad libitum were provided
through out the experimental period. Ducklings were brooded up to 21 days of age under well
cleared and disinfected separate pens fitted with hover for each genotype in deep litter and
transferred thereafter to growing houses providing one square feet floor space per duckling
up to 21 days of age and 3 square feet per bird from 21 days onwards respectively. The
ducklings were provided 23 hours light and half hour dark period daily up to the age of 56
days of age. Feed intake was recorded at the end of each week up to 8 weeks of age. The
body weights were recorded at day old of age and thereafter every week through out

the experimental period. Feed efficiency and survivability of the ducklings were calculated.
The performance index ((P.I) % was calculated as per Rashid et al (2002) and the formulas
adopted for calculation of different traits are follows:

Live weight in kg
Performance Index (P.I %) = - X 100
Feed conversion ratio

Average Live weight in grams X % livability
Production Number (P.N.) = --- =10
: Duration of fattening in days X Feed conversion ratio

No. of initial live birds - No. of dead birds during the experiment
Survivability % = - - X 100
No. of initial live birds - g

Feed intake in kg
Feed conversion ratio =

‘ Weight gain in kg
The data were analyzed as per standard statistical software adopting completely randomized
design.

Results

The growth performance of ducklings of various crosses and pure breeds from O to
56 days of age viz. Pekin x Pekin (PxP), Pekin x Chara-Chembelli (PxCC), Pekin x Khaki
Campbell (PxKC), Khaki Campbell x Khaki Campbell (KC x KC), Khaki Campbell X Chara
—Chembelli (KC X CC), Chara- Chembelli x Chara- Chembelli (CC x CC), Chara- Chembelli
x Pekin (CC x P) and Chara- Chembelli x Khaki Campbcll (CC X KCQ) is presented in Tablel
and Figl-4.
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Tablel: The growth performance of pure and crossbred ducklings during the experimental period of
0- 8 weeks

Parameters | PXP PXCC PXKC KCXKC | KCXCC | CCXCC | CCXP CCXKC | Level of
significane
e
Initial  body | 46.50 33.88 37.88 36.81 35.38 30.81 33.13 3213 ** P<0,01
weight +1.648 +1,83bcd $2.158° | £2.24b¢ | 2201b¢ [ £1.75¢ | £1.63xd +1.83+ CD{0.01) =
{g/duckling) 6.909
CD{0.05) =
5.255
Final body | 2286.6 1817.4 1305.8 1406.3 1405.0 11055 | 13389 1199.6 "
wig/ducklin | +107.35 +99.44b 186,500 | +65.3% | £73.95¢ | £67.57¢ | £54.42¢ +54,33¢ | CD{0.01) =
a) 279,361
CD{0.05) =
212.556

live wt. | 224008 1783.54 1267.92 | 1369.52 | 1369.66 | 1074.7 | 1305.79 116746 | *
gain(g/56 +107.352 +99.440 +86.50¢ | +65.3% | £73.95¢ | £37.51¢ | £54.42% +54.33« | CD{0.01) =
days) 276.112
€D{0.05) =
210.088

Feed 6675.44 5564.64 4577.19 | 499875 | 5163.62 | 4799.88 | 48%8.71 4448.02
Intake(g/duc
Kling)

Feed 2.98 312 3.61 3.65 3.77 3.98 3.75 3.81
conversion
efficiency

Sunvivability | 86.82 g2.22 87.12 77.82 88.89 94.34 80.12 91.23
%

Performanc | 76.73 58.25 36.17 38,52 37.27 31.08 35.70 31.48
e Index%

Production | 121.70 95.93 56.27 53.54 59.16 52.35 57.46 51.28
Numbar(PN
)

P=Pekin,CC=Chara-Chembelli, kC=Khaki Campbell,

**=Significant(P<0.01)

Initial Body Weight

The initial body weight (g/duckling) among the genetic groups were significantly
(P<0.01) different. But the mean initial body weight was significantly the highest
(46.50+1.64) in pure PXP and lowest in CC X CC (30.81+1.75)) among all the crosses as
well as pure breeds studied. The differences were statistically significant (P<0.01).The Initial
body weight of P X KC was 37.88+2.15 followed by KC X KC (36.81+2.24),KC X CC
(35.38+2.01), PXCC( 33.88+1.83), CCXP (33.13£1.63 and) CCX KC (32.13+1.83).

Final Body Weight

The final body weight (g/duckling) at 8™ week were comparable and significantly
different (P<0.01) among the genetic groups. The pure PXP recorded highest body weight
(2286.6+107.35) and the cross CCXCC which was local showed the lowest body weight
(1105.5+67.57). The final body weight of the cross PXCC recorded highest body weight
(1817.4.54+99.44) among the crosses and other pure breeds except pure PXP. The final body
weight of KC X KC, KC X CC, CCXP, PXKC and CCXKC were 1406.3+65.39,
1405.0+73.95, 1338.9+54.42, 1305.8+86.50 and 1199.6+:54.33 respectively.
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Body Weight Gain (g/56days)

The gain in body weight at 8™ week of age also differed significantly (P<0.01) among
the genetic groups. The PXP showed highest gain in body weight (2240.08+107.35) and the
local CCXCC recorded the lowest (1074.7+37.51). Among the crossbreds, the PX CC
showed highest gain in body weight (1783.54 x99.44) followed by KCX CC
(1369.66+73.95), CC X P (1305.79+54.42), P X KC (1267.92+86.50) and CC X KC
(1167.46+54.33).

Feed intake (g/duckling for 8 weeks)

The average feed consumption during the experimental penod was 6675.44, 5564.64,
5163.62, 4998.75, 4896.71 4799.88, 4577.19 and 4448.02 gm in PXP, PXCC, KCXCC,
KCXKC, CCXP, CCXCC, PXKC, and CCXKC respectively. The PXP consumed highest
amount of feed which was followed by the ducklings of PXCC. The lowest feed was
consumed by CCXKC. However, no significant differences in total feed intake were observed
among the genetic groups.

Feed Conversion Ratio

Poor feed conversion ratio was observed in ducklings of CCXCC (3.98) where as the
best feed conversion ratio was recorded in ducklings of PXP (2.98) compared to PXCC
(3.12), PXKC (3.61), KCXKC (3.65), KCXCC (3.77), CCXCC (3.98), CCXP (3.75), and CC
X KC (3.81) as shown in Tablel and Figl.

Survivability Percent

Survivability in ducklings of different genotypes is shown in percentage in Table 1
and Fig 2. The percentage of survivability was highest in CCXCC (94.34) followed by PXCC
(92.22). One interesting finding was that where ever the CC was used as one of the parents in
the crosses viz. KCXCC (88.89), CCXP (90.12), CCXKC (91.23), and PXCC (92.22) the
survivability was observed more than pure PXP (88.82), P X KC (87.12), or KCXKC (77.82).

Performance Index (PI) Percent

The performance index of ducklings of various genotypes is shown in percentage in
Tablel and Fig 3. PXP showed highest Performance index (76.73) followed by its cross with
CC local i.e. PXCC (58.25). The CCXCC recorded lowest P.I. (31.08). The P.I. of the
ducklings of crosses such as CCXKC, CCXP, PXKC, KCXKC, KCXCC were 31.48, 35.70,
36.17, 38.53 and 37.27 respectively.

Production Number (PN)

The PXP recorded the highest production number (121.70) followed by PXCC
(95.93),KCXCC (59.16), CC X P (57.46), P X KC (56.27), KC X KC: (53.54), CC X CC
(52.35) and the lowest in CC X KC (51.29) as shown in Table1 and Fig 4.

Discussion

The initial body weight (g/ duckling), final body weight in gram, , live weight gain (
g/56 days , feed intake(g/ duckling), Feed Conversion Ratio, Survivability%, Performance
Index% and Production Number (P.N.) of different pure and cross bred genotypes are
presented in Table 1 and Figl-4. From the Table, it is evident that the average data on initial
and final body weight and body weight gain were recorded highest in PXP followed by
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PXCC except for its initial body weight (33.88+1.83). These differences appear to be
inherited and depend upon the genetic constitution of the breeding stock. The higher final
body weight and body weight gain in PXCC might be due to heterotic effect. This result
corresponds to the findings of Hamid et al (1988), Stankevicience (1980), and George et al
(1980). The total body weight gain of P X CC cross bred ducklings were significantly lower
than pure P X P but significantly higher than all other genotypes. It might be due to heterotic
effect of gene of high yielding meat producing exotic ducks (Pekin) and mixed population of
Andaman local-Chara—Chembelli breeds which have most adaptable capability than other
crosses. Viz PxKC, KCxKC, KCxCC, CCxCC, CCxP, and CCxKC. This finding is in
consistence with the report of Rashid et al, (2002). The live weight gain of KCxCC was
though significantly lower than PxP, and PxCC but significantly higher than CCxCC. This
might be due to heterocity of gene of KC X CC. All the pure crosses showed significant
differences in body weight gain. This might be due to the breed characteristics. In comparison
to KC X KC, CCXCC ducklings were superior in terms of survivability and KC ducks were
superior to CCXCC in initial body weight, final body weight and gain in body weight. This
result corresponds to the findings of Nageswara et al (2001).

Crossing Pekin as sire with Andaman local-Chara-Chembelli as dam line was more
suitable for improvement in growth rate than crossing Pekin sire with other exotic dams.
Positive heterotic effect of cross breeding in growth performance was in agreement with
Rashid et al (2002); Baruah et al (1991,1992). Feed intake was highest in PXP followed by
PXCC. The feed intake was lowest in CC X KC. The differences among the genetic groups
were significant (P<0.05) with highest feed conversion ratio in PXP. These observations are
in consistence with the previous reports (Baruah et al. 1994, Rashid et. al. 2002). The
superiority of PXP high yielding breed in feed conversion than in crossbred genotypes was in
. accordance with the report of Rashid et. al. (2002). The survivability in PXP was less than
crossbreds PXCC, CCXKC, CCXP, KCXCC and local CCXCC. This might be due to the
fact that the local Chara-Chembelli was having disease resistance trait which has been
inherited to the progeny. Thus cross breeding with local Chara-Chembelli had a distinct
beneficial effect on survivability, which agreed well with the findings of Baruah et.al. (1993),
Rashid et al (2002) and Narahari et al. (1986). From the above statement it can be said that
ducklings produced from the crosses of local Chara-Chembelli were more adaptable to the
adverse condition than pure Pekin or Khaki Campbell. Performance index was highest in pure
breed (PXP) followed by its cross with Chara-Chembelli and other crossbred as well as
purebreds .This result also corresponds to the findings of Rashid et. al. (2002)

Conclusion

Considering the growth performance, the PxXCC crossbred showed better than all other
crosses and may be used as meat purpose duck. The local Chara-Chembelli may be used as
either of parents to produce crossbred ducklings for better adaptability under adverse
condition.
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For each genotype, 4 x 18 ducks (3 males + 15 females) were reared under a semi-
intensive system (SIS) and an intensive system (IS) with standard management, and 4
x 50 ducks (8 males + 42 females) were reared in an extensive system (ES) with
traditional management. 2. In comparison to KC, ID were superior in terms of age at
first egg, age at 50% egg production, egg weight, hatchability, eggshell thickness with
higher egg shape index. KC ducks were superior to ID in body weight, egg production
and feed/kg eggs. Egg quality was similar among the genotypes. Crosses were
superior to their parent breeds in age at first egg, egg production and feed/kg eggs.
They were also superior to KC in egg weight and egg-shell thickness with a higher
egg shape index. 3. The performance of genotypes in the SIS and the IS was similar
and superior to the ES except for fertility and yolk colour. 4. Significant heterotic
effects were recorded for age at first egg, age at 50% egg production, egg production
per duck-day, and feed efficiency and egg weight in crosses. Performance was similar
in the reciprocal crosses, but superior to their parent breeds.
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Abstract

Sexual dimorphism was examined in 221 randomly selected adult African Muscovy
ducks extensively reared in north central Nigeria using univariate and multivariate measures
of body size and skeletal proportions. The body parameters investigated included body
weight, eight primary linear body measurements (breast circumference, thigh circumference,
body length, bill length, neck length, shank length, total leg length and wing length) and four
morphological indices (massiveness, stockiness, long-leggedness and condition index). The
univariate analysis showed male dominance (P<0.05) in all the morphometric measurements,
with the exception of stockiness and long-leggedness where significantly higher mean values
were recorded for females. Low, moderate and high positive and negative correlations among
the body size and shape characters of the ducks were recorded. The canonical discriminant
analysis on body weight and primary linear body measurements revealed that wing length
was the most discriminating variable between the sexes, followed by body weight, neck
circumference, total leg length, body length and shank length respectively. Three other
variables not qualified to enter the model were expunged. The single discriminant function
obtained correctly classified 91.4% of individuals from the sample of known-sex ducks.

Keywords: Muscovy duck, Nigeria, sex, body parameters, discriminant analysis

Introduction

Poultry productlon in the tropics is charactenzed by high dynamics of development. This
outstanding trend is based on increasing demands and preferences for poultry products on one
hand and on improvements in management, disease prophylaxis and breeding on the other
hand (Horst, 1999). In the tropics such as Nigeria, the poultry industry is not as diversified as
in the temperate. Here, emphasis is laid on egg production and on only one species of poultry,
the domestic fowl; whereas economic and nutritional benefits can be derived from keeping
other species, such as ducks, some strains of which are fast-growing, resistant to many
diseases of the domestic fowls and can produce as many as 300 eggs per year (Oluyemi and
Roberts, 2000; Teguai et al., 2008). Adesope and Nodu (2002) reported that the meat of
Muscovy ducks, which make up about 74% of the total duck population in Nigeria, contains
less fat and it’s healthier.

Morphological variation within a species is of great biological interest, both as a
phenomenon and as a descriptive and an analytical tool. Sexual differences in external
morphology are of interest in studies of reproductive biology and descriptively, to analyse
population composition (Piersma, 1988). This can be used to detect the amount and
distribution of genetic variation within and between populations of the local Muscovy ducks
thereby increasing the understanding of the historical processes underlying the genetic
diversity. It can also provide important basic information for selection and breeding
programmes. Knowledgc on the objective descnptlon of body size and skeletal proportlons of
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native stock is imperative in Nigeria because of the introduction of exotic ducks such as
Pekins and Khaki Campbell into the country which, as a result of interbreeding, could lead to
the erosion of the genetic resource of the indigenous Muscovy ducks.

Visually assessing with certainty the sex of African Muscovy ducks in the field is a
difficult task. In Nigeria, some attempts have been made to characterize the Muscovy ducks -
using univariate analysis of body weight and linear body measurements. However, there is
dearth of information on their phenotypic differentiation using morphological indices and
multivariate analysis; which are currently receiving increased attention in birds (Lorentsen
and Rov., 1994; Strelec et al., 2005; Zenatello and Kiss, 2005; Robertson et al., 2008). The
present investigation therefore, aimed at providing baseline information on sexual
dimorphism in African Muscovy ducks using morphological indices and discriminant
analysis in addition to primary morphometric characters. The information so obtained will
ensure better characterization which could aid in the ecological studies, conservation,
selection and genetic improvement of the native stock.

Materials & Method
Location of study and experimental animals

Data were obtained from two hundred and twenty one (221) randomly selected adult
African Muscovy ducks of both sexes (95 males and 126 females respectively). The birds
were selected in their breeding tracts in certain smallholder farms'in Nasarawa State, north
central Nigeria from December, 2008 to May, 2009. The State falls within the guinea savanna
agro-ecological zone, and is found between latitudes 7°52’N and 8°56'N and longitudes
7°25’E and 9°37'E respectively). The birds were managed through the traditional scavenging
system. :

Traits measured i

Body weight (BWT), eight primary biometric traits and four morphological indices were
measured on each adult African Muscovy duck. Measurements were restricted to apparently
healthy birds that conformed to the species’ classification descriptors. The body parts
measured were, body length (BDL), breast circumference (BTC), thigh circumference (THC),
bill length (BLL), neck length (NKL), foot length (FTL), total leg length (TLL), wing length
(WNL), massiveness (MAS) (the ratio of live body weight to body length x 100); stockiness
(STK) (the ratio of breast circumference to body length x 100); long-leggedness (LLN) (the
ratio of total leg length to body length x 100) and condition index (CND) (the ratio of live
body weight to wing length x 100). The anatomical reference points were as earlier described
(Fox et al., 1992; Oblakova, 2007; Teguai et al., 2008). A 5-kg measuring scale was used for
the weight measurement. The length and circumference measurements were effected using a
measuring tape calibrated in centimetres (cm). All measurements were taken by the same
individual early in the morming before the ducks were released for scavenging.

Statistical analysis

Body weight, primary linear body measurements and morphological indices were
subjected to analysis of variance to determine sex effect using the General Linear Model of
SPSS Version 13 (2001). Means were separated using the two-tailed, two-sample t-test of the
same statistical package. Pearson’s coefficients of correlation among the various body
parameters were computed. The multivariate technique involved the use of canonical
discriminant analysis on body weight and the original eight primary linear body
measurements of the ducks. The standardized discriminant function was used to screen for
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the most discriminating variables between the sexes. For sex identification, the
unstandardized discriminant function procedure was employed. The ability of this function to
identify males and females is indicated as the percentage of individuals correctly classified
from the sample that generated the function. The robustness (reliability testing) of the
function was validated using split-sample validation (cross-validation) of the SPSS package.

Results and Discussion

The means, standard deviations and coefficients of variation of the body parameters of
African Muscovy ducks are presented in Table 1. Sex-associated differences were found in
all the body traits and '
indices investigated. Males (drakes) had significantly (P<0.05) higher body weight, body
length, breast circumference, thigh circumference, bill length, neck length, foot length, total
leg length, wing length, massiveness and condition index. However, female (ducks)
dominance (P<0.05) was observed in stockiness and long-leggedness. The longer total leg
length of the males confers greater body height. The present findings on body weight and
linear body measurements of both sexes are consistent with the reports of earlier workers (Tat
and Rouvier, 1998; Goswami et al., 2000; Teguia ef al., 2008). This sexual dimorphism is
attributable to the usual between-sex differential hormonal action (Baeza et al., 2001) which
invariably leads to differential growth rates. The greater difference in bill length between the
sexes suggests that the trait may play an important role, probably in sexual display and
territorial defence by males (Chochi et al., 2002).

Body conformation type and meatiness of the ducks could better be assessed using
massiveness, stockiness, long-leggedness and condition index. These principal selection
indices state the ratio of measurements that characterizes the proportionality of bird’s body
(Fox et al., 1992; Oblakova, 2007). In the present study, meatiness trait was better described
in males using massiveness (5.65 versus 3.93%; P<0.05 for males and females respectively)
while in females, it was better explained via stockiness (82.27 versus 79.16%; P<0.05 for
females and males respectively). Body weight was corrected for body size using weight/ wing
ratio x 100. This, according to Owen and Cook (1977), gives a better indication of a bird’s
ability to meet its present and future energy requirements than using body weight alone. This
condition index was found to be higher in males (10.57%) than females (9.15%). This is of
physiological importance because standard measures of metabolic activities are frequently
expressed as a function of body size, and it is often useful to examine the relationship of
structures or organs relative to overall body size (Blem, 1984). However, long-leggedness
was higher in females (44.21%) compared to their male counterparts (42.12%). The higher
leg-body ratio of the females is an indication that they have relatively longer legs while their
male counterparts have relatively longer body. This index could play a role in the assessment
of type and function. While the females display a narrower body, which is suitable for egg
production; the males exhibit a blockier appearance, which is more a characteristic of
meatiness.

Phenotypic correlations among body weight, zoometrical traits and indices are
presented in Table 2. Low, moderate and high positive and negative correlation coefficients
were recorded among the various body parameters, In males, the coefficients of correlation
ranged from -0.12 to 0.92. In female birds, the estimates of correlation ranged from -0.01 to
0.89. High positive relationships among traits suggest that they are under the same gene
action and can also be predicted from one another singly or in combinations (Ngapongora et
al., 2004; Ogah et al., 2009). The varying phenotypic correlation coefficients in the two sexes
suggest sexual differences in the genetic architecture of the birds.
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Although the univariate analysis revealed differences in the body weight and linear type
traits of the sexes of Muscovy ducks, the multivariate analysis provided better resolution
(Table 3), thereby limiting the number of variables contributing to sexual dimorphism in
ducks. Only a single standardized canonical discriminant function was extracted in the
present study. The significance of the discriminant function tested with the minimization of
Wilks’ Lambda (Lambda= 0.293) and Bartlett’s Test (chi-square= 264.999; P<0.01} provided
validity for the canonical discriminant analysis. The discriminating power of wing length was
highest, followed by body weight, neck circumference, total leg length, body length and foot
length. The present findings are consistent with the report of Zenatello and Kiss (2005) where
wing length was observed as the most discriminating variable of the sexes of Rose-coloured
Starlings Sturnus roseus. Similarly, Martinez-Gomez and Curry (1998) reported that wing
chord and tarsus length were the two most important traits for sex-separation in birds.
However, Lo Valvo (2001) reported that bill depth was the best parameter in-sexing birds.

The unstandardized canonical discriminant function was used to classify individual birds.
Wing length, body weight, neck length, total leg length, body length and foot length were the
variables included in the discriminant (D) equation below:

D =-3.116 + 0.280WNL+ 0.921BWT + 0.191NKL - 0.196TLL - 0.063BDL. - 0.283FIL

The classification function could be directly used to identify the two sexes, since
positive D scores indicate males and negative D scores indicate females. This function was
able to classify correctly 91.4% of individuals from the sample of known-sex ducks. Cross-
validation with the split-sample method equally indicated a 91.4% overall success rate (96%
of the females and 85.3% of the males were correctly assigned). The six variables therefore,
were sufficiently robust to be used in the field to determine the gender of live birds. This is an
indication that morphological measurements could be taken into consideration to increase the
consistency of individual sexing especially by farmers, livestock extension officers and
researchers who are not familiar with African Muscovy ducks. Sexual dimorphism is
important because it allows the assessment of sex effect on survival and dispersal; evaluation
of population dynamics, since female members arc frequent model parameters and
identification of species threats such as sex ratio disequilibria or sexual differences in
predation risk (Bourgeois et al., 2007).

Tablel. Descriptive statistics of the body weight (kg), linear body measurements (cm)
and morphological indices (%) of adult African Muscovy ducks according to sex.

Male animals (n=95) Female animals (n=126)

Traits Mean SD - CV Mean SD cvy
BWT 273 0.58 21.25 1.52° 0.42 2763
BDL 47.86° 5.94 12.41 38.35° 6.01 15.67
BTC 38.83° 429 11.08 31.28° 391 12.50
THC 9.32° 1.89 2028 6.07° 0.96 15.82
BLL 4.98° 0.77 15.46 3.75" 0.52 13.87
NKL 18.10° 238 13.15 1433 122 8.51
FTL 474° 0.79 16.67 4.01* 0.46 11.47
TLL 20,09° 2.37 11.80 16.76" 1.84 10.98
WNL 25.68" 3.99 15.54 16.43° 3.03 18.44
MAS 5.65° 0.60 10.62 3.93 0.76 19.34
STK 79.16" 7.99 10.09 8227 8.31 10.10
LLN 42.12° 2.74 6.51 4421° 432 9.77 -
CND 10.57° 0.97 9.18 9.15" 1.14 12.46

SD: Standard deviation; CV: Coefficient of variation.
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Table 2. Correlation matrices of body weight and morphometric traits of adult African

Muscovy ducks
TRAITS BWT BDL BTC THC  BLL NKL FIL TLL WNL MAS STK. LLN CND
BWT 0.92 076  0.89 080 074 079 089 .092 091 028 -021 072
BDL 075 079 076 077 073 076 085 085 068  -034 044 0.67
BIC 075 077 0.74 059 075 047 ° 060 - 068 064 008 046 063
THC 084 064 0.63 075 " 077 064 0I5 079 087 016 -017  0.68
BLL 077 067 075 053 068 071 069 071 070 -028 -029 062
NKL 0.67  0.60 062 051 0.70 047 059 065 066 -0.15 032 062
FTL 075 0.0 059 062 053 058 08 070 065 -034 002 058
TLL 089 081 082 072 078 073 069 080 077 -037 010 066
WNL 089 068 065 076 068 059 067 079 083 028 024 039
MAS 082 025 043 067 056 046 067 060 071 014 002 067
STK -024 -0.61 002 -023 -0.12 -0.15 -0.05 -024 -026 0.15 0.03 -0.15
LLN -022 -072 -034 -024 -020 -015 -0.01 -020 -022 028 -0.19 -0.12

CND 0.79 0.62 065 0.62 055 051 052 071 054 064 075 -023

Significant at P<0.05 for all correlation coefficients except the bolded (P>0.05).
Upper matrix = male ducks. Lower matrix = female ducks.

Table 3. Standardized canonical discriminant function coefficients of the body
parameters of adult African Muscovy ducks

Traits Function 1
Wing length : 0.977
Body weight 0.500
Neck circumference 0.344
Total leg length ' 0418
Body length -0.376
Foot length -0.224

Eigenvalue =2.410; variance explained (%) =100%; Wilks’ Lambda =0.293; Bartlett’s Test
(chi-square= 264.999; P<0.01).

Conclusion

The study revealed that there were marked sexual differences in the morphological
measurements of African Muscovy ducks with higher values in most cases recorded for
males. Low, moderate and high positive and negative phenotypic correlations were observed
among the body size and skeletal proportions. Wing length was the most discriminating
variable between the sexes, followed by body weight, neck length, total leg length, body
length and foot length. Chest circumference, thigh circumference and bill length were not
included in the canonical discriminant model. The discriminant function correctly classified
91.4% of individuals in the sample from which it was derived. This means that the six
variables were sufficiently robust to be used in the field to determine the gender of live birds.
The use of biometrics and discriminant analysis therefore, may considerably increase the
reliability of separating the sexes of African Muscovy ducks. The present results might aid in
better understanding of the ecology, conservation and improvement of the indigenous birds.
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Abstract

A study was conducted to explore and compare the promoter sequence of duck
prolactin gene from that of other domestic avian species including chicken, turkey, emu and
ostrich. Prolactin in birds plays a wide .variety of functions -including growth and
development, metabolism, reproduction, esmoregulation, immunoregulation and broodiness
behavior. A 277 bp fragment consisting of 1 to 215 bp promoter, 216 to 267 bp 5’UTR and
268 to 277 bp coding region of the prolactin gene was studied as this region of promoter is
very much important for binding with Pit-1 factor respons1blc for transcription of the
prolactin gene. This fragment of duck, chicken, turkey, emu and ostrich was amplified and
. sequenced. The promoter sequences of duck, chicken, emu, ostrich and turkey were
submitted to the NCBI Gene Bank and the accession numbers were obtained as FJ882033,
FJ434667, FJ882035, FJ882032 and FI882034, respectively. ‘The sequence variability
between duck and chicken, duck and turkey and duck and ostrich were T229A, T232A,
C234G, A236G, G237A, G238T, A239G and G241C while with emu. the nucleotide
differences were A236G, G238T, G241A, T242G, A247T, A248C, A250T and G252A. The
divergence percentage between duck with chicken, turkey, emu and ostrich was 3.3, 3.3, 2.9
and 3.3%, respectively. The nucleotide sequence diversity was used for construction of
phylogenetic tree, which revealed formation of a cluster consisting of duck -and cmu being
dlstantly related from another cluster composed of chicken, turkey and ostrich.

Key words: avian, dlvergence, duck, prolactm promoter, sequence

Introduction

In vertcbrates, prolactin plays a broad spectrum of functions including growth and
development, metabolism, reproduction, osmoregulation, immunoregulation and behavior. In
addition, this hormone had a role in regression of the ovarian follicles (Sharp et al., 1984)
which directly control egg production in poultry (Shimada et al., 1991; Talbot and Sharp,
1994). The incubation behavior, broodiness is mainly controlled by prolactin hormone (Ishida
et al., 1991). For expression of this hormone, promoter of the gene plays vital role for which
the nucleotide organization of the promoter is very much important. Thus, the present study
was designed to explore the prolactin promoter sequence in duck and other avian species.

Materials and Methods
Samples

Feather samples of chicken, duck, emu, ostrich and turkey were collected from the
. farm and genomic DNA was isolated from feather follicles following standard protocol.

Se.s'smn I Gene.rrr Resaurce.s' & Breedmg 76



mailto:bhattacharyatk@gmail.com

Proceedings of the 1V World Waterfow] Conference, 11-13 November;2009, Thrissur, India

Table 2. Correlation matrices of body weight and morphometric traits of adult African
Muscovy ducks o

TRAITS BWT  BDL BTC THC BLL NKL  FIL TLL WNL  MAS STK. LLN CND

BWT 092 076 0.89 0.80 0.74 0.79 0.89 092 091 -0.28 -0.21 0.72
BDL 075 0.79 0.76 0.77 0.73 0.76 0.85 0.85 0.68 -0.34 -0.44 0.67
BTC 075 077 0.74 0.59 075 0.47 060 - 068 0.64 0.08 046 063
THC 0.84 0.64 0.63 075 = 077 0.64 0.75 0.79 087 -0.16 -0.17 0.68
BLL 0.77 0.67 0.75 0.53 068  0.71 0.69 0.71 0.70 -0.28 -0.29 0.62
NKL 0.67 0.60 0.62 0.51 0.70 0.47 0.59 0.65 0.66 -0.15 -0.32 062
FTL 075 0.50 0.59 0.62 0.53 0.58 0.86 0.70 0.65 -0.34 0.02 0.58
TLL 0.89 0.81 0.82 0.72 0.78 0.73 0.69 0.80 0.77 -0.37 0.10 0.66
WNL 0.89 0.68 0.65 0.76 0.68 059 0.67 0.79 0.83 -0.28 -0.24 0.39
MAS 082 025 043 067 056 046 067 060 071 2004 002 067
STK 024 061 002 -023 012 -0.15 -0.05 -024 -026 015 0.03 -0.15
LLN 022 -072 -034 -024 -020 -0.I5 -0.01 -020 -022 028 -0.19 -0.12

CND 079 0.62 065 0.62 055 051 052 071 054 064 075 -023

Significant at P<0.05 for all correlation coefficients except the bolded (P>0.05).
Upper matrix = male ducks. Lower matrix = female ducks.

Table 3. Standardized canonical discriminant function coefficients of the body
parameters of adult African Muscovy ducks

Traits Function 1
Wing length ' 0.977
Body weight 0.500
Neck circumference 0.344
Total leg length -0.418
Body length -0.376
Foot Iength -0.224

Eigenvalue =2.410; variance explained (%) =100%; Wilks’ Lambda =0.293; Bartlett’s Test
{chi-square= 264.999; P<0.01).

Conclusion

The study revealed that there were marked sexual differences in the morphological
measurements of African Muscovy ducks with higher values in most cases recorded for
males. Low, moderate and high positive and negative phenotypic correlations were observed
among the body size and skeletal proportions. Wing length was the most discriminating
variable between the sexes, followed by body weight, neck length, total leg length, body
length and foot length. Chest circumference, thigh circumference and bill length were not
included in the canonical discriminant model. The discriminant function correctly classified
91.4% of individuals in the sample from which it was derived. This means that the six
variables were sufficiently robust to be used in the field to determine the gender of live birds.
The use of biometrics and discriminant analysis therefore, may considerably increase the
reliability of separating the sexes of African Muscovy ducks. The present results might aid in
better understanding of the ecology, conservation and improvement of the indigenous birds.
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Abstract

A study was conducted to explore and compare the promoter sequence of duck
prolactin gene from that of other domestic avian species including chicken, turkey, emu and
ostrich. Prolactin in birds plays a wide variety of functions including growth and
development, metabolism, reproduction, osmoregulation, immunoregulation and broodiness
behavior. A 277 bp fragment consisting of 1 to 215 bp promoter, 216 to 267 bp 5’UIR and
268 to 277 bp coding region of the prolactin gene was studied as this region of promoter is
very much important for binding with Pit-1 factor responsible for transcription of the
prolactin gene. This fragment of duck, chicken, turkey, emu and ostrich was amplified and
. sequenced. The promoter sequences of duck, chicken, emu, ostrich and turkey were
submitted to the NCBI Gene Bank and the accession numbers were obtained as FJ882033,
FJ434667, FI882035, FJ882032 and FJ882034, respectively. The sequence variability
between duck and chicken, duck and turkey and duck and ostrich were T229A, T232A,
C234G, A236G, G237A, G238T, A239G and G241C while with emu the nucleotide
differences were A236G, G238T, G241A, T242G, A247T, A248C, A250T and G252A. The
divergence percentage between duck with chicken, turkey, emu and ostrich was 3.3, 3.3, 2.9
and 3.3%, respectively. The nucleotide sequence diversity was used for construction of
phylogenetic tree, which revealed formation of a cluster consisting of duck and emu being
distantly related from another cluster composed of chicken, turkey and ostrich.

Key words: avian, divergence, duck, prolactin promoter, sequence

Introduction :

In vertebrates, prolactin plays a broad spectrum of functions including growth and
development, metabolism, reproduction, osmoregulation, immunoregulation and behavior. In
addition, this hormone had a role in regression of the ovarian follicles (Sharp et al., 1984),
which directly control egg production in poultry (Shimada ef al., 1991; Talbot and Sharp,
1994). The incubation behavior, broodiness is mainly controlled by prolactin hormone (Ishida
et al., 1991). For expression of this hormone, promoter of the gene plays vital role for which
the nucleotide organization of the promoter is very much important. Thus, the present study
was designed to explore the prolactin promoter sequence in duck and other avian species.

Materials and Methods
Samples .

Feather samples of chicken, duck, emu, ostrich and turkey were collected from the
_ farm and genomic DNA was isolated from feather follicles following standard protocol.
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Polymerase chain reaction

A pair of primers, PRLPIF: 5’-CAT ACT CAG CAT CCC ACA GC-3’ and PRLPIR:
5’-TGT TGC TCA TGG TAG GGA TTC-3’ was designed from the sequence of prolactin
gene (GenBank accession no. AB011434) by DNASTAR software (Lasergene Inc., USA) to
amplify 277 bp fragment spanning 62 bp of exon 1 and 215 bp of promoter of the prolactin
gene. A total of 10 ul PCR volume included 50 pg of DNA template,10 ng of each primer,
1.5 mM of MgCly, 100 pM of each dNTP, 1X assay buffer and 0.25 U of Tag DNA
polymerase (MBI Fermentas). The PCR programme was 94 °C for
5 min followed by 30 cycles of 94 °C for 45 sec, 65 °C for 30 sec and 72 °C for 30 sec, and a
final extension at 72 °C for 10 min.

Sequencing and analysis

The PCR products of prolactin promoter of all the species studied here were
sequenced from both ends by the automated dye-terminator cycle sequencing method with
Ampli Tag DNA polymerase in ABI PRISM377 DNA sequencer (Perkin-Elmer). The
sequence analysis and phylogenetic tree was prepared by Meg Align programme of
DNASTAR software.

Results and Discussion
Nucleotide variability ,

The 277 bp fragment in duck and other avian species comprised of 1-215 bp promoter
from 5 end, 216-267 bp 5’UTR and 268-277 bp coding region of the prolactin gene. The
promoter sequences of chicken, duck, emu, ostrich and turkey were submitted to the NCBI
Gene Bank and the accession numbers were obtained as FJ434667 for chicken, FJ882033 for
duck, FJ882035 for emu, FJ882032 for ostrich and FJ1882034 for turkey.

The sequence variability between duck and chicken, -duck and turkey and duck and
ostrich were T229A, T232A, C234G, A236G, G237A, G238T, A239G and G241C while
with emu the nucleotide differences were A236G, G23 8T, G241A, T242G, A247T, A248C,
A250T and G252A. Between chicken and duck about 56% mutation was of transvertional
type while between duck and emu, duck and ostrich, and duck and turkey, transvertional
mutation stated lion’s share of the total mutational changes. The comparison of chicken and
emu determined the differences as A229T, A230C, C232T, G234C, A237G,.G239A, C241A,
T242G, A247T, A248C, A250T and G252A. Approximately, 67% changes revealed
transvertional mutation between these two species. But, the sequence of chicken, ostrich and
turkey did not show any difference in this fragment. The emu sequences were differed from
both ostrich and turkey sequences at the positions of T229A, C230A, T232C, C234G,
G237A, A239G, A214C, G242T, T247A, C248A, T250A and A252G of which 67% changes
showed transvertional type mutation. The promoter sequences in ostrich did not show any
differences from Turkey sequences. The overall nucleotide changes at the promoter site
suggest that the expression patterns of prolactin gene might vary from species to species,
since certain organizational changes have been detected in the promoter site. Nevertheless the
fact was that the mutations have been identified only in 5° UTR region but not in the actual
promoter site. The 5’UTR of prolactin gene has been reported to be a hotspot region for
initiating the gene transcription as this region binds with an important transcription factor,
Pit- 1 (Nelson et al., 1988; Bradford et al., 2000). Hence, mutation at 5’UTR is of prime
importance for gene expression, which could lead the species-specific gene expression
pattern: The binding tendency of transcription factors principally depend on the organization
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of nucleotides of the promoter. Any deviation from the basal structure in the promoter may
cause drastic change in the process of transcription and thus, may affect gene expression.

Sequence divergence and phylogenetic tree

The similarity of sequences between any two species varied from 95.7 to 100% of
which between turkey and chicken, turkey and ostrich, and chicken and ostrich attributed
100% similarity. The divergence percentage between duck with chicken, turkey, emu and
ostrich was 3.3, 3.3, 2.9 and 3.3%, respectively. The nucleotide sequence diversity was used
for construction of phylogenetic tree (Figure 1), which revealed formation of a cluster
consisting of duck and emu being distantly related from another cluster composed of chicken,
turkey and ostrich. In conclusion, it may be stated that certain differences at nucleotide level
of prolactin promoter existed between duck and other avian species.
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Abstract

Sex determination being one of the key points in duck breeding. Conventional
determination of sexing on the basis of external morphology is difficult or even impossible
due to absence of sexual dimorphism. DNA was extracted from whole blood samples of 20
adults (10 males and 10 females of Khaki Campbel! ducks) using CPCI and MPCI methods.
The total procedure of DNA isolation required 15 hrs in case of the CPCI and only 7 hrs
under MPCL. The CHD gene based primer pair viz., 2550F and 2718R was used for PCR
based sexing. In the case males, there was a single bright band of 600 bp as compared to 500
bp in females. The intensity and clarity of bands were identical when viewed either with 2%
or 2.5% agarose gel. . In conclusion this PCR based sexing method targeting CHD gene in
case of ducks is user friendly, rapid and produces reliable results as compared to other
techniques, :

(Key words: Ducks, DNA sexing, PCR, CHD genes)

Introduction :

In the present scenario, duck rearing is gaining importance especially in the coastal
areas of India. The preference and demand for the duck eggs resulted in popularising duck
rearing among rural farmers in India. Sex determination being one of the key points in duck
breeding, it would be desirable to supply sexed ducklings for. commercial purposes to the
farmers and also with respect to maintenance of parental lines. Conventional determination of
sexing on the basis of external morphology is difficult or even impossible due to absence of
sexual dimorphism. The most popular vent sexing requires well trained technician and also
ause human errors, Further, this technique appears stressful to the chicks, results in mortality
and predispose for microbial contamination. Coming to autosexing, it is not possible to auto
sex every duckling since it demands maintenance of different parental lines carrying sex
linked genes either for colour or feathering. Laparoscopy requires anaesthesia and may lead
to accidental injury to the vital organs and can also be lethal, With respect to Steroid sexing,
it needs more validation especially conceming accuracy and specificity of hormone
measurement. Although, Ultrasonography was tried, due to laborious process proved not
suitable for mass sexing. Karyotyping demands an expert cytogenetisist and is time
consuming apart from difficulties experienced in obtaining viable cells from cell culture. In
view of the various limitations of the methods described and the economic advantage of
rearing sexed femnales, it is desirable to evolve a rapid suitable method of sexing ducklings at
an early age with minimum stress and maximum accuracy. '

Corresponding author: HN.N.MURTHY: PHONE: 080-23414384; FAX NO.: 080-23510044
e- mail: dhnm3030@yahoo.com .
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A number of reports on DNA based sexing in different avian species through the
knowledge of sex identification genes are available in the literature. However, reports are '
scanty in the case ducks and (Chiba er al., 2002; Volodin et al.,2009; Haunshi et al., 2008Db).
In the studies on the members of anatidae, primer set P2/P8 (Griffiths er al., 1998),
2550F/2718R (Ong and Vellayan, 2008) and 1237L/1272H (Kahn et al., 1998) targeting
CHD gene, were commonly employed for molecular determination of sex. However, the
primer set 2550 F / 2718 R has not been evaluated for it’s performance in ducks. Keeping this
in view, 2550f /2718 R primer set and two methods of DNA extraction for polymerase chain
reaction (PCR) based sex determination in Khaki Campbell ducks were evaluated. '

Materials and Methods:

In all, 20 blood samples, 10 each from adult males and females of Khaki Campbell
ducks being maintained at CPDO, Hessarghatta, Bangalore were collected and processed by
conventional phenol: chloroform: iso-amyl alcohol (CPCI) (Sambrook et al., 2000) and
modified phenol: chloroform: iso-amy! alcohol (MPCI)_method (Haunshi et al., 2008a) for
extraction of DNA. Quality and quantity of DNA were assessed estimating the ratio oD260 /
OD280 for DNA extracted using CPCI and MPCI methods. Further, it was confirmed by
electrophoresis it on 1% agarose gel. The amplification reaction was carried out in 0.2 ml
micro centrifuge PCR tubes using a programmable thermal cycler (BIO-RAD).

The PCR reaction was carried out in a final volume of 25-ul reaction mixture. Each
PCR tube contained 100 ng of genomic DNA, 25 pmol of each forward and reverse primer,
1.0 unit Taq polymerase (3U/ ul; Bangalore Genei), 1X assay buffer (2mM MgCl,, 10mM
Tris-HCI pH 9.0, 50mM KCl and 0.01% gelatin) and 250 puM dNTPs (Bangalore Genei). The
amplification conditions included the 1st cycle with initial denaturation at 94" for 3 min,
annealing at 51°C for 60 sec. and extension at 72°C for 60 sec. This was followed by 32
cycles, each of which comprised of denaturation at 94° for 45 sec, annealing at 51°C for 60
sec and extension at 72°C for 60 sec and a final extension step for 5 min at 72°C.

~ The base sequence of specific primers used for the molecular sexing of chickens and
members of Anatidae by Fridolfsson and Ellégren (1999) and the same primers were
employed in the current study for ducks are given below:
Primers Nucleotide Sequence
2550F 5°-GTTACTGATTCGTCTACGAGA-3"
: 2718R 5-ATTGAAATGATCCAGTGCTTG-3’

After completion of PCR, amplified products along with 100 bp DNA ladder
molecular size marker were subjected to electrophoresis using 2% and 2.5% agarose gels.
Finally, the images were captured and the data-analyzed Alfa-Imager software programmed.

RESULTS AND DISCUSSION
Isolation and quantification of DNA:

DNA was extracted from whole blood samples of Khaki Campbell using CPCI and
MPCI methods. The DNA was extracted from 20 adult ducks (10 males and 10females). The
details pertaining to number of samples analysed, range of OD values obtained, average OD
values computed and the clarity of the band obtained is furnished in Tablel. The total
procedure of DNA isolation required 15 hrs in case of the CPCI and only 7 hrs under MPCL
This is in conformity with Haunshi ef al. (2008a) who also reported that MPCI was rapid than
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CPCI for DNA extraction from blood samples. Spectrophotometry was utilized to predict the
quality as well as quantity of the DNA extracted by CPCI and MPCI methods. Agarose gel
electrophoresis was utilized to ascertain only the quality of DNA. The average of OD values
obtained for DNA extracted using CPCI and MPC1 methods were 1.84 and 1.85 for males,
1.87 and 1.89 for females, respectively. Thus indicating extraction of good quality DNA
either by CPCI or MPCI techniques. Further, electrophoreses using 1% agarose gel itself
revealed intact DNA. Therefore, any of the extraction methods could be successfully
employed. However, MPCI is to be preferred over CPCI for speedy extraction of pure DNA
and thereby sexing.

Table 4.1 Details of sample source and method of extraction.

CPCI MPCI

Males Females Males Females
Sample size 10 10 10 10
Range of OD values 1.62-1.96 1.67-1.94 1.66-1.93 1.76-2.03
Mean OD values 1.84 1.87 . 1.85 . ] 1.89
DNA band INTACT INTACT INTACT ‘ INTACT

Sexing through Polymerase Chain Reaction (PCR):

The conditions for successful amplification of DNA extracted from blood samples
using CPCI and MPCI methods were satisfactory in yielding desired results. The CHD gene
based primers viz., 2550F and 2718R were used for PCR based sexing in ducks. Only 2ul
(100 ng) of template DNA was sufficient to obtain the desirable results in 32 cycles. The
sizes of DNA amplicons were estimated based on migration profile of 100 bp DNA Jadder.
The images of PCR profiles of DNA extracted using CPCI and MPCI are depicted in Plate 1
and Plate 2, respectively. In the case males, there was a single bright band of 600 bp as
compared to 500 bp in females. The intensity and clarity of bands were identical when
viewed either with 2% or 2.5% agarose gel. Hence, it is preferrable to use 2% agarose gel
from the economic point.

Plate 1 PCR PROFILES OF DNA EXTRACTED USING CPCI METHOD IN 2% AGAROSE GEL

M- Molecular size marker (100bp ladder) ‘Lane 1,2,3-PCR amphﬁed 600 bp amplicon of
CHD-Z gene in male ducks.

Lane 4, 5 6 - PCR: amphﬁed 500 bp amplicons of CHD-W genes in female ducks.
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Plate 2 PCR PROFILES OF DNA EXTRACTED USING. MPCI METHOD IN‘Z%
AGAROSE GEL : '

M- Molecular size marker (100bp ladder)

Lane 1, 2, 3 - PCR amplified 600 bp amplicon of CHD-Z gene in male ducks.
Lane 4, 5, 6 - PCR amplified 500 bp amplicons of CHD-W genes in female
ducks. : '

Ong and Vellayan (2008) reported use of 2550 F and 2718 R primer set to determine
the sex of majority of the members of anatidae family. However, no mention has been made
with respect to ducks. In the current study, the use of the same primer set yielded desirable
amplicon products in ducks for reliable sexing. This provided a higher confidence level of
establishing the sex of ducklings. Thus the study indicated the possibility of sexing of
ducklings even without the use of polyacrylamide gels as the case with some bird species
when P8/P2 (Griffiths et al., 1998) and 12371/1272H (Kahn et al., 1998) primer sets were
used.

As for the ducks or bird species in the anatidae family, the single copy produced
from the preferential amplification of the smaller sized CHD1W intron by the primer set
2550F/2718R (Fridolfsson ard Ellegren, 1999) can be mistaken as a case of allelic dropouts
or a male bird instead. The P2/P8 primer produces typical 1 band in case of males and two
bands in case of females but requires 5% agarose gél or' use of . polyacrylamide gels.
Therefore, while using 2550F/2718R pair of primers care has to be taken to match amplified
region at a particular size to distinguish between males and females.

Sexing method in this study was based-on -avian"CHD genes (CHDW and CHDZ).
 Introns, which are the region that do not code the genetic cipher, are less conserved compared
to exon and their length varies arong genes. Intron regions of CHD genes are located in the
middle of 2 conserved regions that primers bind. The lengths of them differ between CHD-W
and CHD-Z genes, making sex identification possible. Conserved exonic and length varied
intronic regions were amplified by PCR primers (2550F and 2718R) following the primer
annealing. The PCR products are screened by agarose gel, male. and female ducks showed
single band corresponding to CHD-Z and CHD-W band. The difference between them was of
100 bp. :
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DNA typing is a promising method for sex identification in avian species. RAPD,
Microsatellite, Minisatellite, AFLP, RFLP and CHD genes are the commonly used DNA
based sexing techniques. The reliability of RAPD markers is questionable, as they are low
reproducible, sensitivity to reaction conditions and / or competition between different DNA
fragments cause more weakly amplified bands which disappear in presence of bright
polymorphic bands. Microsatellite genotyping can encounter
various errors from highly fragmented DNA and template DNA in low concentration.
Griffiths and Tiwari (1993) found Minisatellite and RAPD as a species specific, laborious
and time consuming. AFLP
demands high safety requirement, costlier and requires more preparation time. So CHD based
sexing is the most preferable for DNA based sexing. :

CONCLUSION:

PCR based sexing method targeting CHD gene in case of ducks is user friendly, rapid
and produces reliable results as compared to other techniques. It is also cost effective when
compared to the other DNA based techniques.
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Abstract

Ancient domestic waterfowl] breeds, in addition to experimental and commercial lines,
are valuable resources that contribute to the precious reservoir of poultry genetic variation.
Lower heterozygote frequencies in some poultry species compared with those in other farm
animals suggest that genetic variation within duck or goose populations would be lower and
that more attention should be paid on preservation of this species gene pool. Moreover, many
of them have undergone a major decrease in their population size and most of ancient
waterfowl breeds in Belgium are under a critical status.

Proposed strategies for conserving these resources include their genetic management,
requiring awareness on practices that may increase inbreeding. Obvious consequences of high
inbreeding rates in a population are associated with breeding depression and deleterious
effects on offspring fitness. These include reproductive traits such as fertility, hatchability,
egg production or embryonic viability. A reduction in these traits will reduce the number of
ducklings or goslings hatched per hen, thus decreasing reproductive efficiency and increasing
production costs at breeding and hatching levels.

This study aims to evaluate inbreeding rates in Belgian waterfowl breeds, in the
country of origin. Data was collected with the Walloon and the Flemish poultry fanciers
associations where individuals listed in the poultry fanciers membership directory indicated
the number of breeding males (N,,} and females (Ny) for each native breed conserved. Male:
female ratio (Nm/Ny), total breeding population (N), effective population sizes (Ne), N/N
ratio of breeders contributing efficiently genes to the population and hypothetical rates of
inbreeding per generation (AF) of ancient Belgian duck and goose breeds existing in Belgium
in 2005, were calculated.

The N./N ratio was over 75% and 95% in ducks and geese, respectively. The Ny/N¢
ratio varied from 33-63% in ducks and was over 63% in geese. Higher Ne/N ratio was due to
the higher number of males kept by fanciers, also reflected in the higher Ny/Ny ratio.
Estimates for inbreeding rates per generation in populations varied between 0.01 and 0.125
(except Vire et du Ton goose with 0.25). Forest and Semois duck breeds had the lowest
inbreeding rates (with less than 0.03). Highest rates were obtained with Huttegem (0.083) and
Termonde (0.125) duck breeds, and Vire et du Ton goose breed. These estimates were within
the range of those recently found in chicken populations. A rapid strategy to minimize
inbreeding would be to maximize the effective population size of these flocks and increase
the N/N¢ ratio in some breeds.

Ke;l( words: Belgian waterfowl breeds, biodiversity, ducks, geesé, inbreeding rates

Introduction
Belgian duck and goose breeds have different geographical origins (Brandt and

Willem, 1985). Termonde duck breed was spread in the North part of Belgium during the
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nineteenth century. Merchtem duck breed originated from the Merchtem region nearby
Brussels and had the Termonde and British Aylesbury breeds as presumed ancestors.
Huttegem was originally a laying breed from the Scheldt River in Oudenaarde region and had
the Termonde duck breed as an ancestor. Forest duck breed was first mentioned in 1890 and
originated from Forest area in Brussels. Semois duck breed was first mentioned in the
twentieth century and was from the valley of the Semois River. Both Oie Flamande and Oie
du Vire et du Ton goose breeds were selected for meat and feathers production and also got
their names from different locations in Belgium. Moreover, many of them have undergone a
major decrease in their population size and most of ancient waterfowl breeds in Belgium are
under a critical status (Lariviere and Leroy, 2005, 2007). Strategies for conserving these
resources include their genetic management, requiring awareness on practices that may
increase inbreeding, associated with breeding depression and deleterious effects on offspring
fitness (Ibe et al., 1983; Hagger et al., 1986; Nordskog and Cheng, 1988; Flock et al., 1991;
Sewalem and Wilhelmson, 1999; Sewalem et al., 1999). This study aims to evaluate
inbreeding rates in Belgian waterfowl breeds, in the country of origin.

Materials and Methods
Data on populations from traditional breeds

Data was collected from a previous realized survey (Lariviére et Leroy, 2005; 2007)
and conducted by the University of Liége, with the Walloon and the Flemish poultry fanciers
associations. Individuals listed in the poultry fanciers membership directory (2005) indicated
the number of breeding males (N,;) and females (Nj) for each native breed conserved. Farm-
parks, universities, research center and the industry were also contacted (via e-
mail/telephone) to report on the status of their stocks. Duck breeds included Canard de
Forest, Canard de la Semois, Canard de Merchtem, Canard Huttegem and Canard de
Termonde. Geese breeds included Oie Flamande and Oie de la Vire et du Ton

Effective population size

The effective population size (N,) is the number of individuals from a population
randomly selected and randomly mated that would expect to have the same rate of inbreeding
as the population itself. Populations do not take into account the transboundary breeds (found
outside the country of origin). It may be unrealistic to assume that these populations, mainly
from fanciers, are under random mating with no selection but the effective population size of
waterfowl populations estimated here aims to give an approximate idea of the upper limit.
Calculations are based on the formula given by Wright (1931):

N, = 4NNy,
NAN,

where: N is the number of breeding hens, Ny, is the number of breeding drakes/ganders.

Inbreeding rates

We calculate inbreeding rates for 7 existing waterfowl breed populations. The
variation in inbreeding rate (4F) is inversely proportional to the number of individuals
contributing equally to the gene reservoir:

AF =
2N,

=
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Results
Effective population size, male: female ratio and N./N ratio

Estimated effective population sizes are given in Table 1. The effective population size
was highest with Canard de Forest duck breed (90.1) and Oie Flamande goose breed (41.7).
N./N; ratio varied from 33 to 63 % in duck breeds and 63 to 100 % in goose breeds. The
Ne/N ratios varied widely from 75 to 95 % in duck breeds and 95 to 100 % in goose breeds.

Table 1 Number of breeding drake/gander (Nr) and hen (Ng), drake/gander: hen ratio
(Nw/Np), total breeding population (N), effective population.sizes (N.), Ne/N ratio of
breeders contributing efficiently genes to the population and hypothetical rates of
inbreeding per generation (AF) of ancient Belgian ducks and geese breeds existing in
Belgium in 2005 (from Lariviére et Leroy, 2007).

Breed Nm Nt No/Nr N Ne NJN AF
Ducks

Canard de Forest 33 71 0.46 104 ~ 90.1 0.87 0.011

Canard de la Semois 15 24 0.63 39 369 0.95 0.027

Canard de Merchtem 7 15 0.47 22 19.1 0.87 0.052

Canard Huttegem 4 12 0.33 16 120 0.75 0.083

Canard de Termonde 3 6 0.50 9 80 089 0.125

Geese

QOie Flamande 17 27 0.63 44 417 095 0.024

Qie de Ia Vire et du Ton 2 2 1.00 4 4.0 1.00 0.25

Hypothetical inbreeding rates within populations

Estimates of inbreeding rates are also presented in Table 1. Rates per generation in
populations of the waterfow! breeds varied between 0.01 and 0.125 (except Oie du Vire et du
Ton with 0.25). Canard de Forest and Canard de la Semois duck breeds had the lowest
hypothetical inbreeding rates (less than 0.03 per generation). Highest rates were obtained
with Canard Huttegem (0.083) and Canard de Termonde (0.125) duck breeds, and Oie du
Vire et du Ton goose breeds. As an example, an inbreeding coefficient of 0.01 % means that
0.01 percent of heterozygosity is lost in one generation, Assuming 1.5 hatches per generation
every year, this will represent a total loss of 75 % after 50 years.

Discussion
Effective population size, male: female ratio and N/N ratio

Effective population sizes of some Belgian waterfowl breeds may be higher as their
number of males is close to those of the females. This corresponds to a strategy to minimize
family bond between parents, a priority in a conservation programme being to maximize the
effective population size (Zanon and Sabbioni, 2001 as cited by Spanola et al., 2007). To
compare with other poultry species, the effective population size over census population sizes
and the male: female ratio in some European chicken populations varied from 33 to 82 % and
from 8 to 25 %, respectively (Spanola et al., 2007). In our Belgian waterfowl breeds, these
ratios were higher with 75-100 % and 33-100 %, respectively. This higher ratio of effective
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population size over census population size is due to the highest number of males kept by
Belgian fanciers, also reflected in the higher drake/gander: hen ratio.

Inbreeding rates (per generation or over long term) 7

Inbreeding rates in our waterfow] breed populations were within range of those in 37
local chicken breeds conserved in institutions of five European countries (Spanola et al.,
2007), with relatively low hypothetical inbreeding rates (AF=0.02-0.71 %). According to
Simon et Buchenauer (1993), populations with inbreeding rates of less than 5 % run less risks
of being extinct, between 5 and 15 % are potentially at risks, those between 25 and 40 % are
endangered, and more than 40 % are under a critical status.

Management practices to limit inbreeding

As an helpful guideline to implement, maximizing the number of individuals
contributing to the genetic pool is required to limit effects of genetic drift (Wright, 1931) and
of inbreeding in limited effective populations. Matings between congenic individuals lead to
the loss of alleles, specially for robustness characters such as breeding traits, These small
effective flocks, with no pedigree, would need to be supported through genetic management
assistance to limit inbreeding levels. In Lower-Saxonny in Germany per example, pedigree
recording is encouraged. Nevertheless, this only represents 5 % of total poultry fanciers in
Germany (Federal Ministry of Food, Agriculture and Consumer Protection Germany, 2009).
The use of a herd book and the systematic recording of the origin and performance are
practices that are not so frequent in Europe because trapnesting is laborious and time
consuming. In practice, mating of a male from a unique farm to a large number of females is
to be avoided. A constant number of hens with as high as possible number of drakes/ganders,
achieving a rotation of drakes/ganders between families and assuring a slow change of
drakes/ganders to increase the generation interval is strongly suggested (Scherf, 2000).
However, the suggestions in circulating drakes/ganders between breeders may sound
unrealistic for fanciers who have precise selection criterias and who will not choose a drake
or a gander from a neighboor.

Conclusion : ,

Hypothetical inbreeding rates of 0.01 to 0.25 % per generation were estimated in
Belgian waterfowl breed populations and were within the range of other studies on small
chicken flocks in Europe. Effective population sizes in studied breeds varied between 63 %
and 100 % of census population sizes with a drake/gander: hen ratio between 33-100 %. A
rapid strategy to minimize inbreeding would be to maximize the effective population size of
these flocks and increase the drake/gander: hen ratio in some breeds. A long term strategy
would be to initiate pedigree record through trapnesting.
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INDIGENOUS DUCK VARIETIES IN UTI'HIRAMERUR BLOCK
OF NORTH EASTERN AGRO CLIMATIC ZONE OF TAMIL. NADU

M.Murugan'*, A.Gopinathan? and T.Sivakumar®
Madras Veterinary College, Chennai-600 007
Tamil Nadu - India

Abstract -
The scientific characterization and evaluation of indigenous breeds / varieties of
ducks of Tamil Nadu is scanty. However, based on a field survey in a block at North Eastern
zone of Tamil Nadu, it was observed that from the farmers point of view, two prominent
varieties of ducks are available with distinct plumage color and pattern and they are Sanyasi
and Keeri varieties of ducks. Sanyasi variety named as Sanyasi because of its dull brown
(Sanyasi in Tamil ~ saint-saffron color) plumage throughout the body as base colour.This is
the highly preferred variety by the farmers for its good look, production potential, and easy
identification. In majority of the flock, this is the predominant variety.of ducks accounts for
50-60 percent. Drake of this variety is partially upright in posture and gait. Plumage color
thorough out the body is dull brown with or with out white patches. Neck is lustrous blackish
green in color with or with out white bands. The shank and bill are dark orange. Duck is squat
in posture and gait. Plumage color is dull brown with or with out white patches. Neck is
completely dull brown with or with out white bands. Shank and bill are dark-orange. Keeri
variety is named after its plumage pattern, which are blackish brown stripes-in the base of
brown color. This is the second predominant variety after Sanyasi with 20-25 percent of the
flock. Drake is partially upright is posture and gait. Neck is dull blackish green. Body
plumage color is brown with blackish brown stripes all over the body. Back is predominantly
blackish brown. The shank, billsare orange in color. Duck is squat in posturé and gait. The
general plumage color is brown with blackish brown stripes. Shank-and bill are orange. The
colour of the egg is white. But they prefer to maintain male for their breeding flock from
Sanyasi or Keeri variety only, to get more number of ducklings of this two varieties.

Key words: Duck, Indigenous duck varieties Tamil Nadu
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Introduction:

Traditional, extensive and nomadic duck farming is-still dominant in developing
countries like India, although the intensive production system is predominant in the western
countries. Though the ducks are reared all over the country, they are more concentrated in
Eastern, North Eéstern -and Southém §tates of Tarnil Nadu. Amiong the southerr states, Tarriil
Nadu is one of the leading-states in duck production and farming. -As per the Livestock
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census of Tamil Nadu (2004) the duck population showed an increasing trend from 219,391
in 1951 to 5, 12, 422 in 2004 with a compound growth rate around 2 percent, In Tamil Nadu,
North eastern agro climatic zone of Tamil Nadu is having the highest duck

population of around 70 per cent of the total population. In Tamil Nadu almost all the farmer
s maintaining only the indigenous ducks varieties for the production system. Among the
population, north

eastern and central districts farmers are procuring ducks from Aarani area of Tamil Nadu and
they are popularly called as Aarani ducks. The breeding tract of Aarani ducks is Aarani taluk
of Thiruvennamalai district. In farmers opinion the preponderance of Aarani ducks for the
duck farming in northern districts of Tamil Nadu is quite understandable and clearly based on
the following factors. In farmers opinion, indigenous ducks are superior in adaptability ,
moderate production potential, high disease resistance, suitability of this ducks to the
production system are the favorable points for Aarani ducks.

However, absolutely there is no organized and scientific documentation on the
indigenous ducks. In this context, a complete survey, evaluation and characterization of these
indigenous ducks of Tamil Nadu is highly warranted. As a base work for that, a small level
survey was designed in an intensive duck farming block Uthiramerur of Kanchepuram district
of Tamil Nadu to identify varieties of ducks if any available with specific phenotypic
characteristics. : : :

Materials and Methods:.

A small scale survey was designed with spe01ﬁc objectives, to identify any
indigenous varieties of ducks available in the in intensive duck farming tract. A total of 20
traditional duck farmers were interviewed personally about their knowledge on indigenous
duck varieties which is based on plumage color and pattern or distinct phenotype
characteristics.Informatin provided by the farmers were verified with their flock of ducks to
assess the practical conditions of their versions in their flock. Apart, standard biometrical
measurements including body weights of male and female -ducks were recorded on the
specified ducks with distinct plumage color and pattern. The information on age at sexual
maturity, age at 50 per cent duck day egg production and total egg number in a laying cycle
was collected. The observations were recorded and analyzed systematically to draw some
valid conclusions on the availability of distinct indigenous duck population.

Results and Discussion:

The results of the survey were presented and discussed below. Based on the farmer’s
observations and verification of the individual farmer’s flock of ducks for phenotypic
identification and similarity, two varieties of ducks were identified and they were Sanyasi and
Keeri variety of ducks.

Sanyasi varlety

It 1s named as “Sanyasi” because of its dull brown (Sanya51 in Tamil — samt saffron
color) plumage throughout the body, with or with out white patches in the body and white
bands in neck. This is the highly preferred variety by the farmers for its good look,
production potential, and easy identification. In any-population this is the predominant

variety of ducks accounts for 50-60 percent. - : - o

' Male.is partially upnght posture and gait. General plumage color thorough out the
body is dull brown with or with out white patches. Neck is lustrous blackish green in colour
with or. w1t_h out white bands. The shank bill, bean are dark orange.
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Female is squat in posture and gait. General plumage color is dull brown with or with
out white patches. Neck is completely dull brown with or with out white bands. Shank and
bill are dark orange. The identification of male is by its curled feathers (drake feather) and
lustrous blackish green color neck. The color of the egg is white,

Keeri variety:

This is named because of its plumage pattern, which are blackish brown stripes in the
base of brown color. This is the second predominant variety after “Sanyasi” with 20-15
percent of the population. ~ Male is partially upright is posture and gait. Neck is dull
blackish green. General body

plumage color is brown with blackish brown stripes all-over the body. Back is predominantly
blackish brown. The shank, bills are orange in color. Female is squat in posture and gait. The
general plumage color is brown with blackish brown stripes. Shank and bill are orange. The
color of the egg is white.

The biometrical measurement of Sanya51 and Keeri Variety ducks were presented in
table and 1. Based on the results, Sanyasi Variety of duck is slightly bigger in size than Keeri
Variety. .

Table. 1. Mean + SE Biometrical Measurements of Sanyasi and Keeri variety of ducks

Biometry Indiger!ous variety :
(in cms) Sanyasi Keeri
Male Female Male Female

Bill length 6.81+0.82 |6.01+090 |6.71x0.890 [6.01+0.74
Length of Neck and Head 32.47 +0.43 | 30.30 £0.82 | 33.13 +£0.26 { 30.16 + 0.22
Length of Neck 21.10+0.12 | 18.70£0.24 | 20.23 £0.14 | 17:15+£ 045
Length of Body 32.73+0.14 | 31.26 £0.29 | 30.14 £0.24 | 29.25 £0.26
Shank length 6.02+0.15 |558+0.28 |7.02+048 |[5.81+0.23
Height of duck 20.28 +0.20 | 19.84 +0.32 | 19.84 + 0.26 | 21.24 + 0.83
Breast length 14.43£0.24 | 13.22+0.19 | 13.14 £0.45 | 14.12 +0.21

Other varieties:

Pigeon Variety: General plumage is ash in color (pigeon like) constitutes 5 percent of
the population. Pure black or pure white color plumaged birds constitute 1 percent of the
population. Irrespective of the flock size, all units having one black color duck for
sentimental purpose The body weight of Sanyasi and Keeri Variety ducks were presented in
Table.2.

Table.2.Mean = SE body weight of Sanyasi and Keeri variety ducks in different ages

Indigenous variety
Age Sanyasi Keeri

Male | Female Male | Female
Day Old (g) 46.84 +0.84 46.24 +£0.37
20" Week (kg) 1582 £18.84 | 1543x17.24 | 1559+20.28 | 1511+19.28
52" Week (kg) 1292 +12.24 | 1235+10.24 | 1237+18.22 | 1185%17.23
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Breeding practice: . ,

The farmers are not maintaining separate breeder flock for hatching egg collection.
Commercial layer flock and breeder flock remains the same, but they prefer to maintain male
for their breeder flock from “Sanyasi” variety or “Keeri” variety only, to get more number of
ducklings of this two varieties. No scientific selection or breeding is practiced. The desirable
sex ratio in field conditions is 1:15-20 and even with wide sex ratio, they are obtaining 70 per
cent hatchability to total eggs set. The reported values on the age at sexual maturity and 50
duck day egg production are 140 3.14 and 196 2.15 days respectively in these of indigenous
duck. The mean duck day egg production in the laying cycle of one year is 40-50 per cent.
The preference of farmers for indigenous ducks is due its good egg size, (65-70 gm) high
adaptability to their farming conditions (extensive, nomadic, foraging — limited availability of
feed resources) and hardiness to diseases

Conclusion: . ‘

Based on the survey findings it is concluded that, in perception of farmers opinion,
experience and observations, there is a possibility of availability of two distinct varieties of
indigenous duck are in favour. The survey observations also confirming the presence of two
distinct varieties of indigenous ducks available in rural Tamil Nadu. How ever it needs large
scale Survey, Characterization, Evaluation and Karyotype of Indigenous ducks of Tamil
Nadu to ascertain the fact and to explore the production potential of these ducks in field
conditions. -
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PERFORMANCE EVALUATION OF DESHI DUCKS OF ORISSA AND DESHI X
KHAKI CAMPBELL CROSS IN EXTENSIVE SYSTEN OF REARING

P.K.Mallick?, M.K.Padhi’ and S.M.Prasad*
Krishi Vigyan Kendra, Central Rice Research Institute Cuttack-753006, Orissa

Abstract

Day old ducklings of Deshi ducks of Orissa and Deshi X Khaki Campbell (DK)
crossbred were distributed to the farmers Different traits were measured at different ages.
Juvenile body weights were recorded at 2, 4, 6 and 8 weeks of age in combined sex. Except
two weeks body weight the DK ducklings recorded significantly (p< 0.05) higher body
weight than the Desi ducks. The 8" week body weight in Deshi and DK were 975.22:17.90
and 1447.50+35.65 g. respectively. Age at first egg of the flock and age at 50% duck day egg
production were obtained almost in similar ages in both the genetic groups. Weight at 40
weeks of age was significantly (p< 0.05) higher in DK duck than Deshi. Duck day egg
productions per bird up to 60 week of age were 97.77 and 68.10 eggs, respectively. Egg
weight at 40 weeks of age was 68g in both the genetic groups. The results indicate that the
egg production is better in DK cross than the Deshi and the cross may be used for extensive
duck farming for better profit.

Introduction

Ducks has been considered as an alternative poultry bird for both egg and meat
especially in the costal states in India, where resources for duck farming is available. Reports
on productive performance of indigenous ducks and their crossbreds are available in the
literature (Baruah et al. (1991), Eswaran et al. (1985), Nageswar et al. (2005) and also the
comparative performance of indigenous ducks of Orissa with Khaki Campbell and their
crossbreds are available Padhi et al. (20092) and Padhi ef al. (2009b) in intensive system of
rearing. However till now ‘comparative performance of indigenous ducks of Orissa with
Khaki Campbell and their crossbreds in extensive system has not been assessed. So the
present study was under taken to evaluate the production performance of Deshi ducks of
Orissa and Deshi X Khaki Campbell cross in extensive system of rearing.

Materials and Method

A total of 200 Desi and 140 of Deshi(male) X Khakl Campbcll (female) (DK)
ducklings produced in single hatch were distributed to the farmers 20 number each . All the
ducklings were "brooded in deep litter system at farmers field with normal brooding
management and feeding the body weights of 1nd1 genous birds were recorded at 2", 4th, 6th,
8th weeks during growing period and at 40™ weeks of age during laying period. Egg
productions of genetic groups were recorded from the start of laying to end of one year cycle
i.e up to 72 weeks of age. Egg weights recorded at 40" week of age. Age of the flock.at first
egg and at 50% duck day (DD) egg production were recorded. Duck day egg productions per
duck of two genetic groups were calculated up to 40, 60 and 72 weeks of age as per the
standard formula. The egg production data and age at different stages of productlon were
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measured in groups. The body weight and egg weight data were analyzed statistically as per
Snedecor and Cochran (1989).

Results

Body weight of Desi at 2, 4™ 6™ and 8" week of age in combined sex were
245+4.71, 438+9.08, 657+14.85, 975+ 17.90 g, respectively. Corresponding body weight in
Desi X khaki Campbell (DK) ducks were 269+14.20, 658x19.15, 1105+30.15 and
1448+36.61 g, respectively. DK ducks recorded :

significantly higher body weight than Desi except at 2™ week of age. Age at first egg of the
flock were recorded at 126 days of age in both the genetic groups. Age at 50 % duck day egg
production were

obtained at 158 days of age in both Desi and DK. DK recorded 1710+40.31 g body weight at
40" week of gae as compared to 1515+21.25 g in Desi ducks. Duck day egg production per
bird up to 40" week of age was 50.31 eggs in Desi compared to 44.54 in DK. However, duck
day egg production per bird up to 60" week of age were 88.78 in Desi and 97.77 in DK.
Corresponding duck day egg production up to 72" week of age were 125.32 in DK and
103.14 in Desi. Egg weight at 40™ week of age in both the genetic groups was 68 g with out
much difference.

Discussion

Body weight obtained in the present study revealed that crossbred perform better and
grow faster than the Desi in extensive system of rearing. High growth rate in crossbred is
reported by Nageswar et al. (2005), Padhi ef al., (2009a) and Padhi er al. (2009b). Further, it
was observed that the body weight of DK at 8™ week of age is higher than the reports Padhi
et al. (2009a) but in Desi it is lower. This may be due to different levels of feed available in
the different farmers field. The age at first egg of the flock and age at 50 % duck day egg
production is better in the present study than the report of Eswaran et al. (1984), Das et al.
(2000) and Nageswar et al. (2005), however, the value is higher than the report of Padhi et al.
(2009b). This may be due to difference rearing system and stocks difference. Duck day egg
production per bird up to 40™ 60" and 72™ week of age obtained in the present study was
lower than the report of Eswaran et al. (1985), Nageswar et al. (2005) and Padhi er al.
(2009b). However, the production is better compared to the reports of das et al, 2000 in field
study. Further, all the above agreed that the crossbred perform better than the Desi except at
40th week of age where desi produced more eggs but as the age advanced the egg production
in crossbred increases. .

The egg weight obtained in the present study is in agreement with the reports of Padhi
et al.(2009b) but higher than the report of Nageswar et al. (2005). This may be due to
difference of stocks used by Nageswar et al. 2005. Body weigh of the layer ducks at 40"
week of age revealed higher weight in DK than Desi indicating the carcass yield from spent
ducks.is more in crossbred.

Conclusion :

The present study revealed that the performance of Desi X Khaki Campbell crossbred is better
compared to Desi ducks in respect to growth, egg production and equal in performance in respect to
egg weight and age at sexual maturity. This showed that Desi X Khaki Campbell may be used for
extensive system of duck rearing for better egg production and as a source of subsidiary in come for
rural poor and tribal people. '
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Abstract )

A canonical correlation analysis was used to evaluate the relationship between some
traits.at birth and at ten weeks of age in muscovy duck, Three traits were measured, they
include body weight (bwt) , body length (bdl) and chest circumference (ccf) were obtained
from eighty male muscovy duck. For the canonical correlation analysis, the traits measured
at birth period were one set of measurement (X -variable) and the same trait measured at
ten weeks period were the second set of measurement (Y- variables) . Three canonical
correlation were obtained (0.913, 0.561 and 0.021) .Among the estimated coefficient only the
first canonical variable:was significant (p<0.01). Highest contribution for the explanatory
capacity of canonical variables for the traits at birth and ten weeks of age was maintained by
the body weight and body length respectively. It can be assumed that body weight and body
length of the muscovy drakes at birth period can be used as early selection criteria for
determining the duck that have high live weight at ten weeks.

Key words: Canonical correlation, muscovy duck and factor loading

Introduction

There are several measures of correlation to express the relationship between two or
more variables (such as the standard Pearson product moment correlation coefficient , rank
correlation, Kendal tau correlation , multiple regression , multiple correspondence analysis
etc)(ZAR 1999) . Canonical correlation analysis is an additional procedure for assessing the
relationship between variables. Specifically this analysis allows researchers to investigate the
relationship between two sets of variables.
Canonical correlation analysis (CCA)was proposed by Hotelling 1935 in Thomson 1984 is a
technique for describing the relationship between two variables sets by calculating linear
combination that are maximally correlated, it also has the ability to deal with two variable set
simultaneously and to produce both structural and spatial meaning .The application of CCA
such as determination of the relationship between some traits measure pre and post
slaughtering , milk and reproductive traits, body measurement at birth and six weeks of
calves were discussed in other livestock (Alkandari and Joliffe 1997, Fouries et al 2002
,Ca}nkaya et al 2008). However the application of CCA in poultry particularly ducks in
estimation of the relationship between some measurements at different period is not known.

The relationship between early performance or early morphological performance and
subsequent morphological expression is a veritable area to exploit in both meat and egg
producing poultry as the morphology of the bird is a function of its genetic constitution and
determine the productivity of the bird. However little work has been done in this area. The
aim of this study is first to estimate the relationship between some traits which were obtain
from muscovy duck at birth period and at ten weeks period and secondly to determine which
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of the traits can be used as early selection criteria for determining the muscovy duck that have
high body weight at ten weeks using CCA.

Materials and Methods

Eighty ducklings of indigenous muscovy duck hatched and reared at the poultry unit
of the college of Agriculture lafia, Nasarawa state, Nigeria were used for this study. Lafia
falls within the
.guinea savannah zone of the north central Nigeria and is located within latitude 08 35N and
longititude 08 33E.The traits examined include body weight (BWT) body length (BDL) and
chest circumference (CCR ) were measured at day old and at 10 weeks of age .while the bwt
,bdl and ccf measured at day old period were included in the first variable set (x- variable
set) and the same traits measured at the 10 week period were included in the other varable
set (Y-variable set).
Statistical method and Data  analysis

Canonical correlation analysis (CCA) was used to investigate the relationship among
the measurement at birth and at 10 weeks period. These analysis was performed with SAS
PRO> CANCORR (SAS,1999) .From CCA a linear association between predictor variables
(measurement at birth ) and dependent variables (measurement at 10 weeks) were determine
d .Canonical variables are linear combination of the original quantitative measurements that
contain the highest possible multiple correlation with each group and that summarizes
among class variation . The goal of CCA is to evaluate the relative contribution of each
variable to the derived canonical function in order to explain nature of the relationship(s)
consider the following two equations
Vm =Xl +apX2+.......... ampXp 1
Wi =bm1}'l+ bm2y2 b PP bmpyp 2
equation (1 ) and (2) gives the new variable v, and w; which are a linear combination of
the X (birth) and y (10weeks) variables respectively. Let cm be the correlation between Vm
and wr,.the objective of the canonical correlation is to estimate
amp, am; ....... amy and bm; , bm; .....bm, such that cm is maximum. Equation 1 and 2 are
the canonical equation vy, and w, are the canonical variates and cm is the canonical
correlation(Sharma, 1996) '
Canonical correlation coefficient doés not identify the amount of variances accounted for in a
variable set by other variables set.-Therefore it is suggested to calculate the redundancy
measure for each canonical correlation to determine how much of the variance in one set of
variables is accounted for by the other set of variable (Sharma 1996).

Result

- Table 1 showed means standard errors , minimum and maximum of the three
variables in the two periods (at birth and at ten weeks).Bivariates correlations displaying the
relationship between body weight and the body measurements at birth and at 10 weeks
period is presented in Table 2. The relationship were all positive for all the traits across the
two periods and were significant (p<0.01, p<0.05) .The highest correlation . was between
body weight and body length at birth (0.88) (p<0.01).Canonical correlation coefficient
between the characters set were depicted on Table 3 . The first canonical correlation
coefficient was significant (0.913)(p <0.01) among all the estimated canonical coefficient .
Based on this result the study interpreted the relationship between the first pair of canonical
variable (Viand w;). Standardized canonical coefficient (canonical weight) and canonical
loading were given for the first pair of canonical variable (V,and w;) in Table 4 and 5
respectively. Defining the canonical variate (Viand wy) as representing the optimal linear

Session ! Genetic Resources & Breeding a7



Proceedings of the [V World Waterfow! Conference, 11-13 November,2009, Thrissur, India
combination of dependent and in.dependent variables by the standardized canonical
coefficient given in Table 4 as

W;=0.53(bwt;)+0.33(bdl;) +0.30(ccf1)

V1=0.88(bwt;)+0.59(bdl,)-0.52(cct).

Table 5 and 6 presented positive correlations which are canonical loading of original
variables with their canonical variables and cross loading with opposite canonical variable
while Table 7 presented the result of the canonical redundancy analysis.

Table 1 : Descriptive Statistics

Parameter mean se minimum maximum
bwt; 40.86+0.36 37.40 42.60
bdl, 13.19+0.08 12.60 . 13.60
ccf) 12.3620.19 10.60 13.2
bwt; 1162.60+41.69 932 1401
bdl, 28.56x+6.45 25.00 31.80
cchh 28.12+0.36 26.00 30.20

Table 2 ; Correlation matrix between the traits
Bwt, bdl; ccfy bwt,y bdl, ccfy
Bwt; 1.00
Bdl; 0.883** 1.00
Cef; - 0.877%* 0.818** 1.00

Bwt; 0.697* 0.787%* 0.531 1.00 '
Bdl; 0.833* 0.706* 0.664*  0.587 1.00 - :
Ccfy .0.728 0.700* 0.563 0.510. 0.799%%* 1.00
**(p<0.01 ) *(P<05)
Table3; Summary result of canonical correlation analysis
Canonical correlation  prop  eigen values likelihood ratio . probability
10913 0.917 5.069 0.113 . 0.007
2 0.561 0.083 0.459 0.685 0.410
3 0.021 . ~0.001 0.600 0.999 0.946

Table 4; Standardized canonical coefficient for canonical variables

X variable set - Y variable set

bwt, -  bdl ccf; bwt, bdl, ccfl,
V) . 0.876 0.592 -0.522 W, 0.531 . 0.329
0.296 :

Table 5; canonical loading of original variable with their canonical variables

X variable'set Y variable set
’ bwt 1 bdl; ccfy . ' bwt; bdlz cchy
Vi 0.942 . ’ 0.939_ 0.731 ‘ W, 0.875 0.878

0.830
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Table 6; Cross loading of original variables with opposite canonical variables

X variable set Y variable set
bwt ; bdl1 ccf; bwt, bdl, ccfy

W, 0.861 0.858 0.668 Vi 0.800 0.802
0.759 :

Table 7;Explained Total variation ratio by canonical variable for variable set.

X - Variable set Y - variable set
Varnance extracted redundancy variance extracted redundancy
Vi 0.768 0.641 W) 0.742 0.620
Discussion

Canonical correlation analysis demonstrate the main contradiction among the
multitudinal correlation variable and it can reflect the corrective essence of the two character
sets , that could not be settle by the simple correlation, sometimes due to the influence of
other factors, simple correlation can only reflect the exterior non essential correlation(Yang et
al 2006) A number of researchers have reported positive correlation between body weight
and body measurement traits in ducks. Generally in poultry chest depth , width body length
and breast bone are reported to have strong correlation with body weight (Wang et al 2004,
Tang et al 1994, )This study found out that strong correlation between body weight and the
body measurements (body length and chest circumference) was more on duck at day old
(0.883 and 0.847) as against at 10 weeks old (0.587 and 0.510). This similar trend was
reported in the work of Cankaya et al.( 2008) on Holstein Friesian calves at birth than 6
month period. Fourie et al. 2002 , however noted that it is difficult to explain relationship
between the live weight and each of the body measurements in practice , thus necessitate the
use of canonical correlation coefficient in explaining the interrelationship between variable
set .From the result s the traits measured at birth except for ccf have a positive effect on
body weight at ten weeks of the muscovy duck .That is if the value of body weight and body
length increases the body weight at ten weeks will also increase. Similarly for the canonical
loading body weight and body length both at birth and at ten weeks of age are more
influential than chest circumference at both periods. Also according to cross loading the
body weight and body length contribute more to the canonical variate wi and vy, this can be
concluded that selection for body weight and body length in ducks at birth period will affect
identification of the duck that have high body weight at ten weeks of age . In this study it
was also found that 76% of the total variation in the body weight and body length
measurement at ten weeks old duck were explained by canonical variable vl while the

gasures of 0.64 for the first canonical variable suggest that about 64.1% of

Yﬁd\l‘(\d‘%ﬂw ?S exp\'tﬁned by the canonical variable w1l . In contrast 74.2% of the total

\\\% [‘&\_\0 Y sariable set at ten weeks period was explained by the canonical variate
varjation ia the sarmé

AT o etie i was explained canonical variate v1 .
wi, . :

clusion _ S . . |
Con Canonical correlation coefficient helps in determining the interrelationship between

characters thus help in prediction in muscovy duck. Body weigl}t and b-ody length were mc;lst
influential factors in this respect. The findings of this study w111'prov'1de a platform for the
duck breeder who are interested in body weight improvement using birth data.
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Ducks are considered as the second most preferred poultry in India after chicken,
primarily for egg and meat purposes, also known to possess unique disease resistance and
adaptability characteristics. However, information on their genetic characterization is scanty.
PCR-RFLP is a DNA level marker used for tis purpose. Nucleotide polymorphism in the
gamma-interferon gene (DulFN-y) was studied using PCR-RFLP in Indian Runner native
duck, being maintained at regional centre of the Institute. Exons of duck interferon gamma
region were determined by comparing homologous sequence of chicken interferon-y with
duck interferon-y. Exon 1 and 4 had and estimated size of 123 bp each. Unique primers were
designed with using DNASTAR software and got synthesized commercially. Amplification
of exon 1 yielded PCR product of approximately 123 bp, whereas amplification of exon 4
yielded PCR product of approximately 120 bp. PCR-RFLP of exon 1 with Hinc II revealed-
monomorphic pattern (81 and 42 bp fragments). PCR-RFLP analysis of exon 4 with Tag 1
also revealed monomorphic pattern (75 and 45 bp), however, PCR-RFLP of exon 4 with Alu I
RE revealed polymorphic pattern (AA: 79 bp only and AB: both 79 ‘and 39 bp fragments).
The frequencies of AA and AB genotypes were 0.88 and 0.12, respectively. Present findings
were in accordance with chicken INF-y gene showing conserved exonic region in DulFN-y,
However, Alu I polymorphism at exon-4 region needs further investigation towards
identification of markers related to disease resistance, _

Key words: Indian Runner Duck, Gamma interferon, Exon 1 and 4, DNA Polymorphism

Introduction _

Modern poultry farming has taken the shape of industry with its two well defined
facets viz. meat and egg. The rural people in the coastal areas mostly prefer ducks as second
line poultry birds after chicken. Varieties of native ducks are found in India, however, limited
research and scientific attention has been paid to characterize them, to improve their
productivity and to exploit their unique characteristics. Poultry health is an important factor
as it not only reduces the losses due to morbidity and mortality but also influences the overall
performances of the flock. Disease inflicts a great economic loss (8-10%) to poultry industry
(Bootwala, 2005). Improvement of disease resistance, which is under genetic control, by way
of identification of molecular markers could be a method of choice for effective protection
from disease resistance to disease is multigenic trait, governed mainly by immune system and
its interaction with many physiological and environmental factors (Gross et al., 1988, Zakaris
et al., 2002). Interferon gamma -(IFN-y), which has been cloned in several mammalian
species and recently in birds, plays a critical role in modulating immune functions. Indian
Runner Duck originated in Asia. The most popular varieties are Fawn, White, Brown and
Chocolate. They are prolific layers, carriage is upright and straight. One of the important
thrust areas in duck industry is improvement of disease resistance. Therefore, Indian Runner
native duck were studied for nucleotide polymorphism in the gamma-interferon gene
(DuIFN-y) using PCR-RFLP.
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Methods

Genomic DNA was isolated from 30 ducks, maintained at Bhubaneswar centre of the
institute, from venous blood using Phenol extraction method (Kagami ef al., 1990). DNA
concentrations were

estimated by using optical density measured by spectrophotometer. The exons of duck
interferon gamma region were determined by comparing homologous sequence of chicken
interferon-y with duck interferon-y using DNASTAR software. Exons I, 2, 3 and 4 were
estimated as 123, 69, 180 and 123bp, respectively. Exon 1 and 4 were chosen for study.
Primers were designed using DNASTAR and obtained commercially. Primers sequences
were  Exon 1 5-ATGACTTGCCAGACCTACTGC (Forward) and 5-
AAAATCAGCTTTCAGTTTGTCTATG (reverse) and Exon 4: 5-
ACTGGCTTGAAAATCCAACGC (Forward) and 5-TTAACATCTGCATCTCTTTGGAG
(reverse). PCR programme included heat inactivation at 95C for 5 min., 30 cycles of
denaturation at 95C for 1 min., annealing at 58C (for Exon 1)/ 57C (for exon 4) for 1 min and
extension at 72C for 1 min, lastly final extension at 72C for 10 min. Having checked the
amplified products on 1.4% Agarose, they were digested with specific restriction enzymes,
determined using DNASTAR. Exon 1 amplicons were digested with Hinc II and exon 4 with
Tag I and Alu I REs. The RE digests were resolved on 10% of polyacrylamide gel
electrophoresis. Molecular sizes of the digests were determined using Quantity one software
(Bio Rad, USA). Different alleles and genotypes were recorded after determining the
molecular sizes of the digests

Results

The PCR-RFLP analysis of Exon 1 & Exon 4 of duck gamma-interferon gene
(DulFN-y) revealed interesting findings. The amplification of Exon 1 of duck gamma-
 interferon gene (DulFN-y) with the developed duck specific primer yielded PCR product of
approximately 123 base'pairs, whereas amplification of exon 4 of duck gamma-interferon
gene (DulFN-y) yielded PCR product of approximately 120 base pairs. PCR-RFLP of exon 1
with Hinc Il revealed monomorphic pattern (81 and 42 bp fragments). PCR-RFLP analysis of
exon 4 with Taq I also revealed monomorphic pattern (75 and 45 bp), however, PCR-RFLP
of exon 4 with Alu T RE revealed polymorphic pattern (AA: 79 bp only and AB: both 79 and
39 bp fragments). The frequencies of AA and AB genotypes were 0.88 and 0.12,
respectively. i )

Discussion

The resent findings were suggcstlve of conserved exonic rcg1on of duck gamma-
interferon gene (DuIFN-y) which is in concordance with findings that there was no
polymorphism in the exonic reglon of chicken interferon gamma gene either by PCR-RFLP
or SSCP and opined that theses region were hi ghly conserved (Kaiser. ez al., 1998). However
in the present finding PCR-RFLP of exon 4 of duck gamma-interferon gene (DulFN-y) with
Alu I RE revealed polymorphic pattern which needs further investigation for exploitation in
identification of markers related to disease resistance.
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Abstract

Moti (Muscovy) ducks found in Orissa were collected, multiplied and maintained in the
Regional center through random mating. For the present study ducklings hatched were wing
banded at day old and brooded under deep litter. Standard starter and grower management
was followed. Body weight were recorded at weekly interval up to 20™ weeks of age and then
at 30" and 40™ week of age. At 12™ week of age few males were kept and the rest were
discarded for sale. Significant (p<0.05) difference between the sexes was recorded at 8" week
of age and after ward but for body weights before 8" week no sexual dimorphism was
evident. Body weight at 12" week of age in male and female were 1937+52 and 1416427 g,
respectively. Body weight of female at 20" and 40™ week of age was 1724+14 and 200526
g, respectively. Age at first egg of the flock was recorded at 198 days. Duck day egg
production performance per bird up to 40™ week of age was 11.20 eggs and egg production
up to 50" week of age was 24.30 eggs per bird. Egg weights at 40th and 50th week of age
were 69.20+1.78 and 73.56+1.93 g, respectively. The hatchability percent on total egg set
basis in the breed was found to be 38 percent.

Key words: body weight, egg production, hatchability, Moti duck, Muscovy

Introduction

There is an increasing demand for animal protein and duck production may be able to
help meet this demand. Numerous water ways, hot and humid climate of this country give an
ideal environment for duck farming. Most of the farmers reared indigenous duck in the
backyard. Farmers of Malkangiri area of Orissa reared indigenous Muscovy duck locally
known as ‘Moti’ duck. These ducks are preferred for their meat as well as they are quiet,
good forager and naturally broody. They are good mothers and hatch and brood their
ducklings efficiently. Regional centre of Central Avian Research Institute, Bhubaneswar ,
collected the ducks from their original rearing tracts in Orissa and kept in the farm for their
adoptability and multiplication. Preliminary study on their growth and carcass characteristics
are reported (Padhi er al., 2008). Present study is undertaken to study the growth, production
and reproduction traits of indigenous Muscovy ducks of Orissa locally known as ‘Moti’
ducks.
*present address: Project Directorate on Poultry, Rajendra nagar, Hyderabad-500 030, e-mail:
padhi16@rediffmail.com

Materials and methods :

A total of 143 ducklings were hatched out of 376 eggs set on 36™ day of setting.
Ducklings were wing banded and kept for brooding under deep litter with standard
management practices. Standard growing and laying management practices were followed for
growing and laying period. Weekly body weight were recorded along with day old body
weight up to 20" week of age. Ducks are sexed from their sound and size at 12" week of age.
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At 12%week of age about 50% of male were removed randomly and at 17" week of age male
e h her body weight were kept as per the requirement according to the number of
having Mg rds are divided in to th d egg producti
i week of age the birds arc divided in to three groups and egg production as
female. At 20 w dy weight were recorded in female. EglE production were recorded up
well-as laying Pemd;o[?a)égg weight recorded at 40™ and 50" week of age. Data for body
;eizﬁ:s'ﬁ;g LQB%’E‘S only in the dacks survived for the experimental period. Replicate group
was considered as experimental unit for calculation of average of age at first egg of the flock
(AFE), duck day egg production per duck up to 40™ and 50™ week of age. Whereas, for body
weight variable data for individual birds were considered for analysis. Data were analysed as

per Snedecor and Cochran, (1989).

Results
The average body weight of the duck during the starter, growing and laying period are

presented in table 1. Body weight did not differ (p<0.05) statistically between male and
female up to 7" week of age , however, on numerical value the male recorded higher value
than the female irrespective the age of measurement. Form 8™ week onward male recorded
significantly (p<0.05) higher body weight than female and the sexual dimorphism is evident
physically as the age of the ducks advances. At 12™ week of age the body weight of female
was 86.47 % of corresponding body weight in male. Similarly at 16® and 20™ week female
recorded 64.48 and 56.34 %, respectively of the male body weight. From 20™ to 40™ week
the body weight of female only increased 275g. Further, it is evident from the results that the
gain in body weight of male were more than 200 g per week from 8™ week onwards up to 12"
week of age there after weekly gain in body weight was reduced. More body weight of male
at 18™ week than at 17™ week is due to selection of higher body weight male for mating. In
female more than 200g body weight gain were recorded from 9" to 10™ week of age and then
the gain in body weight was slower.

Table-1. Body weight of Moti (Muscovy) ducks at different weeks of age.

Age (week) Male (64) Female (71)
Starter peried
0.day (2) 47.18+1.04 44.80+1.68
17 week(g) G6.68+2.12 63.29+1.87
2 week(g) 126.59+5.69 114.10+3.75
[ 3 week(z) 168.53+7.05 162.63+4.97
4% week(g) 265.28+8.72 255.8128.61
5% week(g) 305.0812.36 371.34+11.39
6% week(g) 533.98+14.49 503.58+13.70
7" week(z) 720.88+18.26 662.98:17.26
8" week(g) 944.33+23.22 832.39+21.11
9% weck(g) 1223.72+24.43" 1029.44+22.93°
10% week(g) 1463.82+38.95° 1233.8127.85°
1% week(g) 1714.34238.95° 1342.20+26.44"
127 week(g) 1936.81+51.83" 1415.47+26.70°
Growing period Male (35) Female (60)
13% week(p) 2043.00+65.52 1453.33+21.28°
14° week(p) 2195.05+54.14° 1504.12422 42°
15" week(p) 2303.42+71.95" 1593,23+30.30"
16" week(g) 24.92.86:44.71° 1607.28+24.78"
_1_7: week(g) 2525.64266.36" 1608.74+23.85°
187 week(g) | 2887.19+113.85° (14) 1718.91426.45"
197 week{(g) 3070.98+70.09° (14) 1723.56+14.43°
20" week(g) 3071.2054.66° (14) 1723.7514.44°
Laying period (only for female
30" week(p) 1889.00+25.73 (60)
40° week(g) - 2005.00+26.15 (60)

Means showing common superscript with in a row did not differ significantly at p<0.05.

Figures in parenthesis are number of observation. Where the figure in pareathesis are not given with mean the number of observation is
same as given in the in the first row of that peried.
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Age at first egg of the flock was obtained gt
produced (duck day) per bird up to 40™ and s0* weeligosf ggﬁs\f:rg 55161 E'S‘a}}‘é";}‘f;&’ :, cgsg
respectively. The number of egg produced per bird was more during 40™ to 50" week Ofgagge,
than up to 40™ week of age. The egg weight at 40" week and 50 week of age were
69.2_0:1.78 and 73.56x1.93 g, respectively. Hatchability % on total egg set basis was found
to be 38%. Mortality % from 0 day to 12" week of age was 3.59 % and from 12" to 20%
~week and 20 to 40" week of age no mortality was recorded.

Discussion :

Faster growth of male than female in the present study is in agreement with the report
of Vander Sluis (1993) and Padhi er al., (2008). However, the body weight obtained in the
present study was lower than the report of Leclercq and de Carville (1985) and Hu ef al,
(1999). However, they reported in some selected Muscovy duck where as the present stocks
are of indigenous in origin with only natural selection. Sexual dimorphism obtained in the
present study was also similar to the report of Leclercq and de Carville (1985) and Padhi et
al. (2008). Lower body weight of female about 59 % of male at 10™ week of age was reported
by Leclercq and de Carville (1985). Body weight obtained in the present study indicates that
the extra male may be used for meat purpose at 12™ week of age.

Age at first egg of the flock is higher compared to other breeds of duck which is in
agreement with the report of Hu et al., (2004). The egg production obtained in the present
study up to 40™ week of age is compared to the report of Hu et al., (2004) but lower up to 50™
week of age. Lower egg production of this breed may be due to late sexual maturity. Egg
production and egg weight obtained in the present study is also comparable to the report of
Banga-Mboko ez al., (2007). However, the hatchability % obtained on total egg set basis in
the present study is lower than the report of Harun et al., (1998) and Banga-Mboko et dl.,
(2007), which needs to be improved in the breed. Mortality % obtained in the present study is
of acceptable limit. The results indicate that the ducks may be used for extensive system of
rearing for meat purpose and further improvement is needed in the breed for all of the traits to
get maximum benefit from rearing this breed of ducks.

Conclusion

Results of the present study raveled that significant difference (p<0.05) between the
sexes was observed from 8™ week of age and onwards and the female recorded 56.36 % of
the body weight of male at 20™ week of age. Weight gain in male and female are more up to
12" and 10" week of age, respectively. egg production and hatchability of the ducks were
lower which needs to be improved further through selection methods along with
improvement in body weight. The ducks are suitable for rearing in the free range for meat
purpose as well as for the hatching of ducklings in remote areas where artificial incubation
facility is not available. ‘ '
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Abstract

Twenty freshly laid eggs were collected from nine genetic groups produced by a
3X3 diallel experiment involvin§ Desi ducks of Orissa, Khaki Campbell and White
Pekin for egg quality study at 40" and 60" week of age. Different egg qualities viz,. egg
weight, shape index, albumen index, yolk index, Haugh unit, shell thickness, albumen,
yolk and shell percent were recoded and calculated as per the standard procedure.
Significant (p<0.05) difference was observed between different genetic groups for all the
traits measured irrespective of age of measurement. Egg quality traits measured at 40"
week of age revealed significant (p<0.05) general combining ability (GCA), specific .
combining ability (SCA) and reciprocal effect (RE) except for Shape Index for which
SCA was found non significant. Similarly egg quality traits measured at 60™ week of
age showed significant (p<0.05) GCA, SCA and RE for most of the traits except SCA
was non significant for yolk index and RE was non significant for albumen percent. The
significant GCA and SCA for different traits indicate importance of both additive and
non-additive genetic. effects for different traits. Different crossbreeding genetic
parameters for all the traits were estimated along with heterosis percent for different
Crosses.

Key words: combining ability, crossbreeding parameters, ducks, egg quality, heterosis

Introduction

Duck production in India is mostly concentrated in coastal regions and other states having
large water bodies. Ducks farming are popular among the farmer for their adoptability to
different climatic condition and can be reared in the areas where chicken rearing on free
range may be difficult. Different breeds of ducks are reared by the farmer and they are mostly
indigenous type. Duck are mostly reared for their meat and egg production. Quality of eggs is
important for their popularity and acceptability among consumers. Studies on different traits
of Desi ducks of Orissa and their crosses have been reported (Padhi ez al., 2007, Padhi et al.,
2009b, Padhi ef al.,2009¢). Reports on quality of eggs are available in the literature (Eswaran
et al., 1985, Das et al, 2000, Nageswar et al., 2005,. Padhi et al., 2009a). However,
combining ability study in respect to egg quality traits is very limited in ducks. Therefore, the
present study was undertaken to measure the effects of different genetic groups on €gg
quality traits at different ages and to know the combining ability of different breeds of ducks
for egg quality in a 3X3 complete diallel cross.

*Present address; Project Direclorate on Poultry, Rajendranagar, Hyderabad 500 030, Andhra Pradesh (India)
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Materials and methods

A complete 3X3 diallel cross was made using three breeds of duck viz: Desi ducks of
Orissa (D), Khaki Campbell (K) and White Pekin (W) producing three purebreds, three
crossbreds and three reciprocals. The ducklings produced were reared for brooding on deep
litter with standard feeding and management practices. Ducks were screened at 8" week of
age and are reared for growing and laying period with similar standard feeding and
management practices for all the nine éenetic groups. For egg quality study 20 freshly laid
eggs were collected randomly at 40" and 60" week of age and different egg quality
parameters were measured as per standard procedure. Data collected are analysed for
difference between genetic groups and traits showing significant difference between genetic
groups were used for combining ability analysis using Griffing (1956) model. Least square
analysis of variance technique as suggested by Harvey ( 1975 ) was adopted for statistical
analysis of data. Duncan’s multiple range test (Duncan, 1955) was used to make pair wise
comparison of means. Heterosis for different cross and the reciprocals were calculated using
the formula {(average of the crossbred-average of pure breds)/average of purebreds} X 100.

Results

Egg quality traits in different genetic groups:

Average of different egg quality parameters at 40™ and 60™ week of age in different genetic
groups are presented in table 1 and 2 respectively.

Egg quality at 40" week: The results revealed that amongst purebreds at 40" week of age
White pekin and Desi recorded significantly higher egg weight than the Khaki Campbell.
Amongst all the genetic groups Khaki Campbell recorded significantly lower egg weight.
Except KD and DK crosses all other crossbred recorded significantly higher body weight
than their parents. Shape index in different genetic groups differ significantly (p<0.05) and
Desi recorded significant higher shape index than the Khaki Campbell and amongst the
crossbred KD recorded significantly higher value than other genetic groups except DW.
Albumen index was higher in Desi amongst all the genetic groups and KD recorded
significantly higher albumen index amongst crossbreds followed by WD, DK, WK and DW.
Yolk index was higher in White Pekin followed by Khaki Campbell and Desi amongst the
purebred. White pekin as female parent reduced the yolk index value in the crossbred. Haugh
unit score was higher and revealed very good score in all the genetic groups. Amongst
purebred Khaki Campbell showed better Haugh unit score and amongst crossbreds Desi as
female parent with other two breeds recorded better Haugh unit than as male parent. Shell
thickness with membrane reveals that, as the egg weight increases the shell thickness is also
increases. Higher shell thickness observed for Desi and White Pekin eggs amongst purebreds
and the crossbreds showed higher shell thickness than their parents showing the presence of
heterosis.

Albumen % was higher in White Pekin followed by Khaki Campbell and Desi.
Further, it is observed that except KD in all other genetic groups, albumen % was lower than
the better parent. Yolk % was higher in Desi than the other purebreds just reverse than the
trends in albumen % indicating when there is increase of albumen % in the egg there is
decrease in yolk %. Amongst the crossbred except KD other genetic groups showed higher
yolk % than there respective better parent. Shell with membrane ‘% was- higher in White
Pekin amongst purebreds and there was significant difference between different genetic
groups. Crossbreds showed higher shell % than their parents. -~ -~ = -
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Egg quality at 60" week: Compare to 40™ week, egg weight increases significantly in Khaki
Campbell and White Pekin but there is decrease in egg weight of Desi . However, amongst
the crossbred WK and KW showed higher egg weight. Invariable the cross having White
Pekin as one parent showed higher egg weight. KD and DK recorded higher egg weight at
60" week than at 40" week of age. Shape index was significantly higher in Desi than the
other genetic groups but other genetic groups did not differ amongst them selves statistically
indicating the similarity in shape. Albumen index was significantly poor in White Pekin than
the other two purebreds. However, amongst the crosses White Pekin as female parent
recorded significantly higher value than when used as male parent. KW recorded
significantly higher albumen index amongst all the genetic groups. For yolk index Khaki
Campbell purebred and KW cross recorded lower value than the other genetic groups. Haugh
unit score was significantly higher in Desi and Khaki Campbell than White Pekin amongst
* the purebreds. KW recorded higher Haugh unit score amongst the crossbred. White Pekin as
female parent'showed higher Haugh unit score in the eggs of crossbred. Shell thickness with
membrane showed lower value for Khaki Campbell than the other two purebreds. It is also
observed that crossbred having Khaki Campbell as one parent recorded higher shell thickness
in the crossbred

Albumen % did not differ statistically amongst the purebreds but all the crossbreds
have significantly lower albumen % than the three purebreds except KW. It is also observed
that albumen % decreases in some genetic groups at 60" week of age than at 40 week,
Amongst purebreds yolk % was lower in White Pekin. However, it is observed that the yolk
% increases in value as compared to 40™ weeks of age. Crossbreds recorded higher yolk %
than the purebreds. Shell with membrane % was lower in Khaki Campbell than the other
purebreds similar to 40" week of age. Amongst the crossbred it was observed that the shell
% was better than the purebred. However, overall in all the genetic groups the shell with .
membrane % decreases than the value observed at 40™ week of age (table 1 and 2).

Combining ability and crossbreeding genetic parameters

Egg quality at 40™ week: General combining ability (GCA), Specific combining
ability (SCA) and Reciprocal effect (RE) were all significant for egg weight (table-3). GCA
estimates was highest in White Pekin followed by Desi and Khaki Campbell (table-3). SCA
estimates was positive and highest for KW . For egg weight White Pekin combine well with
other two breeds. Reciprocal effects showed positive estimates for KW and DK. For shape
index GCA and RE are significant. Positive estimates of GCA was observed for Desi and
other recorded negative estimates. Similarly RE estimates showed positive estimates for DW
cross. GCA, SCA and RE were significant for albumen index and positive estimates were
recorded for GCA in Desi and Khaki Campbell. Negative estimates were observed for SCA
and RE for DK, DW and KW. Significant GCA, SCA and RE were observed for yolk index.
Positive GCA estimates were recorded in Khaki Campbell and White Pekin where SCA was
positive for DK and DW. RE were negative for the three crossbred . Haugh unit score showed
significant difference for GCA, SCA and RE. GCA was positive for Khaki Campbell and
White Pekin. SCA estimates were positive for DK and DW and RE were negative for DK,
DW and KW. Shell thickness with membrane showed significant difference for GCA, SCA
and RE. GCA was positive for Desi and White Pekin and negative for Khaki Campbell. SCA
was positive for DK and KW combination and RE was found negative for the three crosses.

Albumen % recorded significant GCA, SCA and RE. Significant positive GCA
estimates were recorded for Khaki Campbell followed by White Pekin. SCA estimates was
positive for DK and negative for other. RE estimates was positive for DW. GCA, SCA and
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RE were significant for yolk % and positive GCA was found in Desi reverse to albumen %.
SCA estimates were positive for the cross having DW and KW where as RE was positive for
DK, DW and KW. Shell thickness with membrane revealed significant GCA, SCA and RE
and positive GCA estimates were obtained in Desi and White Pekin. SCA was found positive
for DK and KW combination. RE was positive for DW and KW.

Egg quality at 60™ week of age: Estimates of different crossbreeding genetic
parameters are presented in table-4. Significant GCA, SCA and RE were found for egg
weight at 60™ week of age and negative estimates were observed for Desi and Khaki
Campbell and positive for White Pekin, SCA was positive for combination of Desi X Khaki
Campbell and Khkai Campbell X White Pekin. RE estimates showed White Pekin as male
parent with other two breeds increase the egg weight in the crossbred, Shape index showed
significant GCA and SCA. GCA estimates was positive for Desi and SCA was positive for
KW combination. Albumen index was highly significant for GCA, SCA and RE. GCA
estimates was positive for Desi and Khaki Campbell, SCA estimates were positive for DW
and KW similar positive estimates for RE also observed in DW and KW. Yolk index was
significant for GCA and RE only. Positive estimates were recorded in Desi and White Pekin
breed. RE was positive for DW crossbred. Significant GCA SCA and RE was recorded for
Haugh unit score and positive GCA estimates were recorded for Desi and Khaki Campbell
where as, SCA was positive for the combination for DW and KW. Significant and positive
RE were observed for DW and KW crossbred. Shell thickness with membrane showed highly
significant GCA, SCA and RE and the GCA estimates were positive for Desi and White
Pekin. SCA estimates was positive for DK and KW, whereas, RE was positive for KW
crossbred. Similar trends also observed at 40™ week of age.

Albumen % recorded significant GCA and SCA estimates for GCA was positive for
White Pekin and Khaki Campbell. However, SCA was negative in all the combination. Yolk
% recorded significant difference for GCA, SCA and RE and the direction of the estimates
were reverse than that for albumen % for GCA and SCA estimates. RE was positive in
direction for DK and DW crossbred. Shell % showed significant GCA, SCA and RE and
GCA estimates in Desi and White Pekin were similar in trend to egg quality at 40" week.
However, SCA estimates was positive in DW and KW, For RE estimates similar trend in
estimates were observed that at 40" week of age.

Heterosis

Heterosis for different crossbreds for different traits are presented in table-5. Most of
the traits showed lEositive heterosis for different crossbred except yolk index at 40™ week,
shape index at 60" week and albumen % at both the age of measurement. It is further seen
that though DK and KD cross showed negative heterosis for egg weight and albumen index at
40™ week but showed positive heterosis at 60™ week of age. Negative heterosis for shape
index at 60% week of age in all the crossbreds indicates Iower value for crossbred than the
purebreds. Positive heterosis % for albumen index at 60" week than at 40% week indicates
the quality of albumen in crossbred is better at 60™ week of age. Yolk index showed positive
heterosis percentage for most of the crossbred at both the age of measurement except. KW at
both age and WK at 40™ week. Haugh unit score showed positive value at 60 week of age
but at 40™ week except KD and WD all showed negative heterosis. Shell thickness with
membrane recorded positive heterosis % for all the crosses at 40™ week except DW but at
60™ week of age positive heterosis % were recorded for DK, KD and KW crosses. Except KD
at 40™ week all the crossbred showed negative heteroiss % for albumen % irrespective of the
age of measurement. Heterosis % were positive for most of the crossbreds at both the age of
measurements except KD at 40™ week and KW at 60" week for yolk %. Shell with
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membrane % showed positive heterosis % fo

measurement except WD at 40" week and WK at 60

male line give better shell % which is desirable.

Table-1. Least square estimates +SE of egg quality traits at 40" week of age.

r all the crossbred at both the age of
™ week, indicating White Pekin as the

Genetic Egg Shape Albumen Yolk Haugh Shell Albumen % | Yolk % Shell %
groups wt.(g) Index index mdex unit thickness
score (mm)
Pure
Desi 68.14° 74.82° 0.1935° 0.3490° 90.96% [ 0.4350% 57.74" 32.26" 974"
+1.11 +0.52 +0.0056 +0.0070 +1.31 +0.0067 +0.38 +0.37 20.15
Khaki 61.437 72.33° 0.1760™* 0.4675™ 96.92% | 0.3300" 60.42* 31.16° 897"
Carnpbell +1.12 10.46 +0.0047 +0.0050 £1.10 +0.0060 +0.66 10.34 +0.16
White Pekin | 69.57° 72.94™ 0.1610° 0.4895° 949277 | 0.4775° 62.35" 2727 10.06*
+1.63 +1.20 +0.0079 +0.0081 +1.48 +0.0060 +0.77 10.66 £0.16
Cross ,
DK 64.18° 72.94™ 0.1579° 0.4684™ 9273% | 04179° 57.44° 33.08° 10.00°
40.97 +0.54 +0.0046 +0.0049 +1.10 +0.0047 +0.68 +0.32 +0.09
DW 76.14° 74.80% 0.1414° 0.4600° 88.74° 0.4410° 54,95 34.65 10.40°
x1.73 #0.79 +0.0040 +0.0045 +1.04 +0.0049 +0.58 +0.50 40,17
KD 60.81° 76.36"° 0.1300" 0.4962° 93.84° 0.4352 61.43" 28.857 10.16°
+1.34 +0.48 20.0064 10.0053 +1,64 +0.0073 +0.71 +0.42 +0.21
KW 84.05" 71.97F 0.1465% 0.4525° 00.78% | 04T715" 57.84% 32.06™ 10.10®
+1.28 +0.80 +0.0082 +0.006 +2.31 +0.0064 10.41 +{.37 +0.13
WD 76.90" 72.96" 0.1743% 0.4333"" 97.287 | 0.4448" 57.68" 32407 9.54°
+1.01 +0.65 +0.0064 +0.0087 =136 +0.0058 10,58 .42 +0.13
WK 7597 7297 0.1575% 0.4705™ 93.96™ | 0.4235 50.34% 31.00° 9.54°
+0.61 +0.59 +0.0036 10.0039 +1.65 +0.0039 20.40 +0.39 +0.16
Means showing one superscript in common in a column did not differ significantly at p<0.05
Table-2. Least square estimates+SE of egg quality traits at 60" week of age.
Genetic Egg Shape Albumen Yolk index | Haugh Shell Albumen % | Yolk % Shell %
groups wt.(g) Index index unit score | thickness
(mm)
Pure
Desi 65.70" 76.57° 0.1495™ 0.4520% 91.79" 0.4205>7 58.03° 33.04% 9.47"
+1.25 +0.58 +0.0041 +0.0058 +1.21 +0.0088 +0.79 +0.73 +0.32
Khaki 69.35° 73.37 0.1470% 0.4330 92.31™ 0.3645' 60.15° 31,63 B.36°
Campbell +0.76 +0.58 +0.0050 +0.0050 *1.19 +0.0073 +0.36 033 +0.14
White Pekin | 87.40° 72.00° 0.1190° 0.4660° 84.25" 0.4370" 59.54 30.79° 9,17
+1.47 20.90 +0.0056 +01.0062 2241 +0.0099 +1.49 +1.44 +0.19
Cross )
DK 73.93° 72.38" 0.1495™ 0.4540" 0257 0.3985° 56.41° 34.35° 8.93%
+1.66 - +0.80 +0.0051 +0.0060 +1.33 +0.0077 +0.74 +0.65 +0.16
DW 73.26° 72,57 0.1648™ 046717 05.85" 0.4005°* 56.44° 33.51% 9.65%
+1.81 +0.62 +0.0058 +0,0079 +1.80 +0.0044 +0.70 +0.57 10.16
KD 73218 73.18° 0.1580™ 0.4640° 93.94* 0.4005% 56.76° 33.94 2.96%
+1.07 +0.54 +0.0062 +0.0063 +1.58 +0.0100 +0.63 +0.49 10.24
KW 79.12° 71.37" 0.1757° 0.4348° 97.91° 0.4431° 58.69" 30.86° 10.07
+1.52 +0.67 +0.0066 10,0084 +1.86 +0.0050 +0.49 +0.45 +0.19
WD 78.95° 71.31° 0.1380° 0.4645° 80.76° 0.4245% 56.97° 33.23° 935>
+1.23 +0.57 +0.0047 +0.0064 +1.68 20.0054 +0.62 +0.39 £0.12
WK 83.60° 72.37° 0.1450" 0.4655° 89.90° 0.3940° 56.64° 34.12° B.6o™
+0.60 10.58 +0.0057 +0.0092 +1.50 +0.0040 +0.57 +3.23 20.11
Means showing one superscript in common in a column did not differ significantly at p<0.05
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Table-3. Estimates of different crossbreeding parameters for egg quality traits at 40™ week of

age
Particular Egg weight | Shape Albumen Yolk Haugh Shell  thick | Albume | Yolk % Shell %
(g} index index index unit ness (mm) n%
GCA o *% ke e * EL 3 ¥k e ok
G -1.73 0.89 0.008 -0.03 -0.65 0.02 -0.97 0.83 0.10
G; -2.83 -0.42 0.0003 0.01 1.12 -0.03 0.68 -0.19 -0.21
Gy 4.56 -0.47 -0.008 0.02 047 0.01 0.29 -0,63 0.11
SE +0.40 +0.22 H).002 +0.002 +0.46 +0.002 +(.19 +0.14 +0.05
SCA *k NS * sk * % *% B *
Siz -3.76 -0.61 -0.005 0.04 141 0.02 0.92 -1.09 0.37
Si 292 -0.08 -(.007 0.02 0.23 -0.03 -1.81 1.91 -0.08
Sn 741 -0.22 -0.005 -0.02 -2.18 0.01 -1.18 0.98 0.78
SE +0.63 +0.35 +0.003 +0.003 +0.72 +(.003 +0.30 +0.21 +0.08
RE *a *¥ * * ¥k Hk * L L]
Rpp 1.68 -1.71 -1.01 -0.01 -3.05 -0.009 -2.00 212 -0.10
Riy -0.38 0.96 -0.02 -0.01 -1.27 -0.002 1.36 1.22 0.43
Ry 4.14 -0.50 -0.006 -0.009 -1.58 -0.02 ‘| -0.75 0.48 0.26
SE +0.84 .47 +0.004 +0.004 0.97 +0.004 +0.39 +0.29 +0.01

** significant at P<0.01; * significant at p<0.05, GCA=General combining ability, SCA=Specific combining ability, RE=Reciprocal effect,
SE= standard error. In first column subscript 1 indicates Desi, 2 indicates Khaki Campbell and 3 indicates White Pekin

Table-4. Estimates of different crossbreeding parameters for egg quality traits at 60™ week of

age .

Particula | Egg weight (g) Shape Albumen Yolk Haugh Shell  thick | Albumen | Yolk % | Shell %
T index index index unit ness (mm) %

GCA ik *% L wA ik xxk *k *¥ Ak

Gi 4.27 -0.92 0.002 0.003 0.58 0.002 -0.63 0.69 0.13
G -1.30 -1.09 0.004 -0.008 1.12 -0.02 0.39 -0.07 -0.29
Gs 5.56 .83 -0.006 0.0605 -1.71 0.01 0.24 -0.62 0.17
SE +0.42 +0.02 +0.002 +0.002 .53 +0.002 +0.24 +0.24 0.06
SCA *k * EL Ns *k *ak kL] ik k¥
Sz 3.08 -0.89 -0.002 0.008 -0.49 -0.003 -0.92 0.70 -0.08
Sn -1.25 -0.99 0.006 0.002 1.90 -0.01 -0.64 0.46 0.26
Sn -1.03 0.19 0.013 -0.002 2.46 0.01 -0.70 0.35 0.32
SE +0.66 +).33 +0.003 +0.004 +0.83 +0.004 +0.38 +0.34 .09
RE * NS ¥ i L i ik NS *k &k
R 0.37 -0.40 -0.004 -0.005 -0.69 -0.001 -0.175 0.21 -0.02
Riy -2.85 0.63 0.01 0.00! 3.05 -0.007 -0.267 0.14 0.15
Ry 2.24 -0.25 0.12 -0.015 4.01 0.03 1.021 -1.63 0.69
SE +0.89 +0.44 +0.004 +0.005 *x1.12 +0.005 +0.52 +0.45 #0.13

** significant at P<0.01; * significant at p<0.05; GCA=General combining ability, SCA=Specific combining ability, RE=Reciprocal effect;
SE= standard emor
In first column subscript 1 indicates Desi, 2 indicates Khaki Campbell and 3 indicates White Pekin

Table-5. Heterosis % for different traits at 40™ and 60™ week of age.

Heterosis % at 40™ week of age
Cross Egg wt. Shape Albumen Yolk Haugh Shell Albumen% | Yolk % | Shell %
Index index index unit score | thickness
DK -0.91 0.87 -14.53 14.72 -1.29 6.47 -2.77 432 6.95
DW 10.59 1.37 -20.22 971 -4.52 -0.04 -8.48 16.43 5.05
KD -6.12 3.79 -2.57 21.53 522 10.88 3.98 -9.02 8.98
KW 28.32 -0.92 -13.00 -5.43 -5.36 18.26 -5.77 9.76 6.20
WD 11.69 -1.25 -1.66 15.26 4.67 0.16 -3.93 8.87 -3.64
WK 15.68 0.45 -6.53 -1.67 -2.04 6.22 -3.32 6.44 0327
Heterosis % at 60" week of age
DK 9.49 -3.45 .83 0.44 0.56 .53 -4.53 6.24 0.22
DW -4.30 -2.30 22.80 1.76 8.89 -4.48 -3.98 5.01 3.54
KD 8.43 -2.39 6.61 4.98 2,05 2.04 -3.04 4.98 0.56
KW 0.96 -1.11 32.10 -3.27 10.91 11.88 -1.92 -1.12 14.95
WD 3.14 -4.00 2.83 1.20 1.98 -0.98 -3.08 4.14 0.32
WK 6.67 -0.43 9.02 3.56 1.83 -1.62 -5.35 9.32 -0.80
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Discussion

Egg weight in different genetic groups differ stastically at both the age of
measurement. Further, the egg weight at 60™ week of age increases in most of the crossbred
and purebred except Desi purebred and KW and DW crossbred which may be due to higher
egg production rate in the above genetic groups. Higher egg weight of crossbred than the
purebred is in agreement with reports of Das et al. (2000), Nageswar et al. (2005), Padhi et
al.(2009a). Eegg weight observed in the present study in Desi, Khaki Campbell and their
crossbred is higher than the reports of Kalita er al.(1992) and Nageswar et al. (2005)
indicating the effect of crossing to improve the egg weight. Over dominance is evident in the
KD and DK crossbred egg weight at 60™ week of age. Further, White Pekin as one parent
with other purebreds increases the egg weight in the crossbreds. Higher shape index of Desi
than the other three breeds and significant difference between genetic groups are in
agreement with the reports of Eswaran et al. (1985), Das er al. (2000) and Nageswar et al.
(2005). Shape index at 60™ week of age was higher than at 40" week of age indicating that
the length of the eggs was little higher compare to width at 40™ week of age. At 60™ week of
age statistically similar value for shape index were observed in different genetic groups
except in Desi. Albumen index decreases at 60" week of age in all the purebreds which may
be due to age effect. However, the value recorded at both the age of measurement are higher
than the reports of Eswaran et al. (1985) and Nageswar ef al. (2005). It is also found that the
crossbred albumen index decreases less at 60" week compare to at 40™ week of age. -
However, in purebreds the value decrease at 60™ week of age. White Pekin as female parent
recorded better albumen index towards the later part of laying period. Decrease of yolk index
at 60" week of age in most of the genetic groups than at 40™ week of age may be due to age
effect. However, the value obtained in the present study were higher than the reports of Das
- et al. (2000), Nageswar ef al. (2005), Okruszek er al., (2006). The value of Haugh unit score
decrease at 60™ week of age than at 40" week of age which may be due to poor albumen
height at 60™ week of age however, the value obtained in the present study were higher than
the reports of Das et al. (2000), Nageswar et al. (2005) and Okruszek ez al. (2006). Higher
Haugh unit score in crossbred than the purebreds indicates the presence of heterosis and is in
agreement with the reports of Das er al.(2000) and Nageswar et al. (2005).

Decrease of shell thickness at 60™ week of age than at 40™ week indicates the effect
of age on shell thickness. Lower shell thickness of Khaki Campbell may be due to lower egg
weight of this breeds compare to other genetic groups. Shell thickness observed in the present
study are lower than the reports of Eswaran et al. (1985) and Okruszek et al., (2006) which
may be due to different of genetic stock. Decrease of shell thickness and shell % towards
later stage of laying in White Leghorn chicken reported by Ledur et al. (2002) which agree
* with the present findings. Albumen % decreases as the age of measurement increases and the
crossbred recorded lower albumen % than the purebreds indicating the effect of
crossbreeding for both albumen and yolk %. It is also seen that as the age of measurement
increase the yolk % increases. However, yolk % is lower than the reports of Okruszek et al.,
(2006). Age effect on shell % is evident in all the genetic groups and as the age of
measurement increases the shell % degreases. Crossbred recorded better shell % which may
‘be éxploited to get better shell quality in crossbred. Non significant difference between % of
yolk, white and shell has been reported by Mazanowski et al. (2005) in two purebred ducks
which agree for some traits in the present study. '

Significant GCA, SCA and RE fof egg weight indicates the importance of additive
genetic effects in addition to non additive genetic effects and maternal and or sex linked
effects. For shape index additive genetic effect and reciprocal effect important for 40" week
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and all the effects are significant at 60" week of age. This is in agreement with the report of
Fairfull et al. (1983) in chicken. Eisen ez al. (1967) also observed important of GCA for the
above two traits. Significant effect of GCA, SCA and RE for albumen index at both eth age
of measurement showed the importance of both additive and non additive genetic effects.
Similar observations were observed for yolk index at both age except SCA was non
significant at 60" week of age indicating the non additive genetic effects is non significant at
60" week of age. All the crossbreeding genetic parameters are significant for Haugh unit
score at both the age of measurement indicating the importance of different effects.
Significant GCA and RE for egg quality traits reported by Fairfull er al. (1983) including
significant SCA for majority of traits. In contrast non significant GCA and SCA was reported
by Eisen et al. (1967) in chicken for different egg quality traits, White Pekin as female line
perform better than the male line. Similar trend were also observed in respect to shell
thickness with membrane. Significant GCA, SCA and RE were observed for albumen yolk
and shell % except RE non significant at 60™ week of age. This indicates the importance of
different crossbreeding genetic effects and the traits can be improved by pure line selection
followed by crossbreeding and with development of specialized sire and dam line. As the
breeds are not selected before there is lot of variation in the breed and the crossbred may be
of useful for improving the egg quality traits. Significant RE for different egg components
also reported by Ledur et al. (2002) in White Leghorn.

GCA estimates of White Pekin for egg weight indicates this breeds combine well with
other two breeds. However, SCA estimates revealed DW cross have better nicking ability.
DX crossbred also showed the egg weight may improve in later part of the laying cycle than
the purebreds. Positive estimates of Desi at both age of measurement showed the importance
of Desi as male parents for better shape index. Negative estimates of GCA for White Pekin
indicates White Pekin as one parent decrease the albumen index in the crossbred. However,
from SCA and RE estimates White Pekin as male parent improve the albumen index in
crossbred. SCA was positive for yolk index for DK and KW irrespective of age of
measurement showing this two crossbred have better combining ability, Signtihﬁcant RE
indicates importance of maternal and sex linked e&fects for the yolk index. At 60 wec_k. of

i Haugh ynit score decreases compare to 40™ week .and DW and KW showed positive
age.[ e . o the impottance of White Pekin as female line for the better Haugh unit score.
- \CA mdlc‘c\U” g ¢ from the RE estimates. GCA is important for §hell thickness at both the
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having one parent as White Pekin giving better egg weight. Significant heterosis for egg
weight, shell thickness and Haugh unit are reported by Prasetyo et al. (2000) which is in
agreement with the present study. Importance of heterosis for most of the egg quality traits
except Haugh unit in chicken reported by Fairfull et al. (1983).

Conclusion
Egg quality traits studied in nine genetic groups produced by a 3X3 diallel cross

experiment indicates that for all the traits there is significant difference between different
genetic groups irrespective age of measurement. Most of the traits the crossbred perform
better than the purebreds. Combining ability showed the importance of GCA, SCA and RE
for majority of the traits. White Pekin performs better as female line than as male line.
Heterosis % revealed that except albumen and shape index the crossbreed has better value
than the mid parent value. Overall results indicate that KW performs better at 60™ week of
age but at 40" week of age no general trend was observed for all the traits. The results
indicate that the pure line selection followed by crossbreeding may be of value for improving
the egg quality and specialized sire and dam line may be developed for further improvement

in egg quality.
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ABSTRACT

The mallard ducks of India contribute significantly to the economy of lower strata of
farming community in the coastal and North Eastern regions of the country. It also
contributes as a source of animal protein to these farmers. The ducks of India have not been
studied at molecular Ievel. This present study involved genotyping of 24 Microsatellite loci
for construction of Genetic relationship among the different populations of India and
revealing of population structure. All of the selected Microsatellite loci exhibited high
polymorphic information content and gene diversity. The F statistics points towards presence
of population structure in the four indigenous duck populations. On the basis of
Microasatellite genotyping study, there was not much differentiation among the duck
populations along the coast line, while Jharkhand ducks (mainland birds) were distinct from
the ducks of coast line,
Keywords: Anas Platyrfiynchos, Microsatellite genotyping, Polymorphism, Heterozygosity.

'*Senior research fellow, NBAGR, Karnal; *Professor, GTUS&T, Hisar; 3’GPrincipal Scienﬁst
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Introduction

Avian species play a vital role in livelihood of human beings throughout the world,
especially, in developing countries. Backyard poultry provides livelihood to large and small
farmers while the poultry industry has a lead role in raising the economic resources of
country, especially, the agricultural sector. Poultry includes the class of domesticated fowl
reared for meat and eggs. The domestic fowl are typically the members of the order
Galliformes (such as chicken and turkeys) and Anseriformes (waterfowls such as ducks and
geese). Recent publication of World Watch list of domestic animal biodiversity (WWL-DAD,
www.fao.org) reveals 14 avian species (87.5%) and 1049 avian breeds (16.4%) distributed all
over the globe. The total population of ducks in India is 10 million and it ranks 2™ in the
world after Indonesia. The domestic duck is distributed throughout the world. It has its
greatest economic importance in Southeast Asia, the principal countries being Bangladesh,
China, Indonesia, Myanmar, Philippines, Thailand and Vietnam.
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Taxonomically ducks belongs to the Order Anseriformes, and family Anatidae that
diverged from the chicken (Galliforines) 110 million years ago. The main radiation of the
modern duck took place during the Miocene, (5-23 million years ago). In India, the ducks are
mainly concentrated in Eastern and Southern States of India. Coastal areas of Orissa, Kerala,
WestBengal and certain parts of Assam and J harkhand constitute the main breeding tracts for
ducks.

In India the total egg production is 404031 million, out of which 94.7% comes from
fowl and 5.3% comes from ducks. Indigenous ducks contributes 91% of the total egg
produced by ducks and 9% are produced by improved varieties. Indigenous duck have
production potential of about 130-140 eggs per annum. Nearly 30% of the total 245 million
tons of meat is of poultry origin. Duck meat is a good dietary source of high quality protein,
energy and several vitamins (Vitamin A, C, E, K, B6, B12) and minerals (Calcium, Iron,
Magnesium, Sodium, Potassium, Zinc, Copper, Manganese). The common Indian breeds of
ducks are Indian Runner, White Bearded, Nageshwari, Sythetmete and Chara but no
information on scientific lines is available either at phenotypic or at genetic level.

There are no reports on indigenous germplasm and through the present investigation
an attempt has been made to genetically characterize the duck populations of the country
based on Molecular markers distributed throughout the genome, i.e Microsatellite markers. It
is envisaged that the genomic studies presented here shall help in conserving endangered
populations and can also be used in production of improved varieties by selective breeding
and through biotechnology applications in future.

The scientific literature on molecular genetic studies is confined to ducks of Chinese
origin ( Maak er al., 2000; Stai and Hughes 2003; Genet et al., 2003; Xiao et al., 2004;
Huang et al, 2005; Tang et al, 2007: Li et al., 2007, and Su et al, 2007 ), and the
confirmation on Indian duck populations is meager, therefore, it was proposed to utilize a set
of molecular marker available in public domain for detecting the varability, structuring of the
population, migration patterns in indigenous duck populations.

In the present study the random samples were collected from four duck populations of
WestBengal, Orissa, TamilNadu and Jharkhand. KhakhiCampbell (commercial duck) was
taken as an outgroup in the present study.

Materials and Methods

Fourty eight blood samples from each population were collected from randomly
selected unrelated birds from their breeding tracts (Figure 1). A 0.5 ml of blood sample was
collected from wing vein of randomly selected birds in 5ml Heparinized vacutainers and the
blood was well mixed with heparin to prevent clotting. The blood samples were transported
and stored at 4°C prior to isolation of DNA.

DNA isolation was carried out by using standard phenol chloroform extraction
protocol (Sambrook et al., 1989). A set of 24 Microsatellite loci were selected from published
data mostly related to Chinese ducks (Table 1). The selection was based on number of alleles
in Chinese ducks. The PCR conditions were optimized for all of the 24 Microsatellite primers
for the amplification in five ducks populations. The amplification was carried out in Thermal
cycler (ABI Perkin Elmer System/Bio-Rad Research Laboratories, USA) at suitable
annealing temperatures of respective primers. The PCR products were checked for
amplification by loading on 2% agarose gel and electrophoresing at constant voltage of 10
Viem. A 100bp ladder was loaded alongside as molecular size marker, and checked for
amplification on UV-Transilluminator. The amplified products without non-specific
amplification were further used for genotyping and sequencing of D-loop region.
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The genotyping was carried out on ABI-3100 AVANT automated DNA sequencer
with Liz-500 (Applied Biosystems) as internal lane standard (size standard). The post PCR
multiplexing was used to simultaneously genotype 3 or 4 loci depending upon the size and
dye label of the PCR product. The sizing and allele calling was performed using Genotyper
ver. 3.0 software (Applied Biosystems). The allele data thus generated was used for further
statistical analysis.

Statistical Analysis

The data generated for five duck populations using the Microsatellite loci was
subjected to Ewens-Watersson test of Neutrality to check for the loci being selectively neutral
and exported for further statistical analysis. The statistical analysis was carried out using
POPGENE software (Yeh et al., 1999). The heterozygosity measures were calculated using
the following formulae given by Nei (1978).

The software FSTAT 2.9.1 (Goudet, 1995) was used to compute values of standard
genetic diversity indices, their variances and pairwise estimates of Fr.

The F statistics values Fys, Fyr and Fgr were estimated using Jack-knifing over loci
and the confidence interval were generated using 10,000 permutations with the GDA
software (Lewis and Zaykin, 2002). The number of migrants (Nm) was estimated using

Nm=0.25 (1‘FST)/FST.

Genotype assignment for all pairs of five duck populations was performed by
computing the log likelihood of the genotype of each individual in every sample, The
assignment of individuals to the correct population and to other populations was also
estimated. Nei’s Standard Genetic distances were estimated using the software POPGENE.
The analysis of molecular varance (AMOVA) was carried out using the software
ARLEQUIN version 3.0 (Excoffier et al., 2005). The populations were tested for being in
Mutation Drift equilibrium using Software BOTTLENECK. The correspondence analysis
was carried out wusing GENETIX ver. 4.05 software (www.genetix.univ-
montp2.fr/genetix/genetixhtml). The Bayesian analysis for clustering and inferring
populations of Indian ducks was carried out using software STRUCTURE (Pritchard et al.,
2000).

Results :

The mean allelic patterns across populations are given in Table 2. The mean number
of alleles was maximum in WestBengal (Hansa) ducks (7.292), followed by Jharkhand and
Orissa ducks, while the mean number of alleles was lowest in KhakhiCampbell (4.917). It is
evident as KhakhiCampbell is a pure breed. The effective number of alleles was maximum in-
Orissa ducks (3.464) and minimum in KhakhiCampbell (2.382). The number of private
alleles was highest in Hansa (1.625) and least in KhakhiCampbell (0.292). The mean
expected heterozygosity was maximum in Hansa, which pointed towards existence of
population structure. -

The summary of genic variation and heterozygosity statistics of all the five population
for 24 loci is presented in Table 3. Number of alleles observed in the selected populations
along with the effective number of alleles is also described. ‘The mean number of alleles (Na)
over 24 loci was found to be 11.2917 while the mean effective number of alleles (Ne) was
4.2594 in all the five duck populations. The mean observed heterozygosity in all the five
duck population for all the 24 loci was found to be 0.4043 while the mean expected
heterozygosity was 0.6805. The observed heterozygosity is less than the expected which
points towards presence of population structure in these populations. The observed
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heterozygosity was less than expected heterozygosity in all the coast line birds, whereas, it
was more than expected in mainland birds.

The F statistics of 24 loci over all the five populations was estimated. Mean Fsr value
over all the 24 loci has been found to be 0.1718 and the values are more than the estimated.

The Number of migrants was calculated using Fsr values and is presented in Table 4.
As it is evident, the maximum value for Nm is 6.13 which is between Orissa and TamilNadu
ducks.

The population assignment was done for the five duck populations. The WestBengal
and Jharkhand ducks came out to be intact populations with no admixture from other
populations. Being an outgroup the KhakhiCampbell ducks also form a separate group
(Figure 2). There was admixture in Orissa and TamilNadu ducks, suggesting the continuity in
these two duck populations. The five duck populations formed three clusters clearly.
WestBengal ducks came out as a separate population. KhakhiCampbell, being an outgroup
formed a separate cluster, while, the Jhakhand birds came near KhakhiCampbell, due to
geographical closeness. Being a mainland bird the Jharkhand ducks came out to be entirely
different from the coastline birds. Orissa and TamilNadu birds showed overlapping in the
populations. There was high genefow among the birds from two states.

The Analysis of Molecular Variance was carried out to find out the differences among
population and within the populations. The AMOVA revealed a total of 27% variation was
attributed to among population variance while rest 73% variance was within the populations.
Tt means to specify that the individuals within the breed/ populations contribute more to the
variability than the individuals between the populations.

Three tests viz., sign test, standardised differences test and Wilcoxon test were
employed in order to find out whether these five duck populations have undergone recent
bottleneck. All the three models of Microsatellite evolution IAM, SMM and TPM were
utilised for the purpose. The values of nl (sample size in haploid genomes), H. the
heterozygosity observed, ko (No. of alleles observed) for the data have been given in the
Table 5 for the five duck populations. The fourth test utilised to test the bottleneck is Mode-
shift, This is a qualitative method for estimation of bottleneck. The non-bottleneck
populations that are near mutation-drift equilibrium are expected to have a large proportion of
alleles at low frequency. The graphical method (Luikart et al.,, 1998) utilises allelic classes
and proportion of alleles. The graphs thus plotted for the five duck populations are shown in
Figure 3 (a-e). None of the five populations exhibit a mode shift rather a normal L shaped
distribution is observed, suggesting no bottleneck in indigenous ducks and outgroup. Thus the
Indian duck populations of have a large effective population size and have shown no
evidence of severe reduction in effective population size in immediate past.

" The Nei’s standard genetic distance is given in Table 6 (above diagonal). The
maximum distance value was between WestBengal and KhakhiCambell ducks (0.78) while
the minimum genetic distance was found between TamilNadu and Orissa ducks (0.07). The
Reynold’s genetic distance which provides a measure of population divergence by drift only
and provides coancestry coefficient (Reynold et al., 1983) have been shown in Table 6
(Below diagonal). The least values were found to be between Orissa and TamilNadu ducks
(0.05) while the maximum were between WestBengal and KhakhiCampbell ducks (0.30).

The Nei’s standard genetic distance (Nei’s,1972) was utilized for construction of
phylogenetic tree for finding out the relationship among five duck populations as shown in
Figure 4.

The correspondence analysis was carried out using GENETIX ver. 4.05. The three
axis of the correspondence analysis contributed 41.93, 27.37 and 6.75 percent of the variance
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and cumulatively explained 76.05 percent of the variance. Each of the individual 5
populations is depicted with a different color. The three dimensional view along the three
axis is shown in Figure 5.

The Bayesian analysis for clustering and inferring populations of Indian ducks was
carried out using STRUCTURE. Model based structure analysis utilizing the genetic data
obtained on coast line as well as inland birds was carried out. The results presented are based
on a Burnin value of 50000 followed by recording of 50000 MCMC (Monte Carlo Marcov
Chain) simulations. To choose an appropriate value of K for this model the inference for the
number of populations is estimated using the formula Probability Pr (K/X). From the
estimates of Pr (K/X), shown in the last column of Table 7, it is clear that the models with K
= 2, 3 and 4 are completely insufficient to model the data and the model with K = 5 is
substantially better then models with smaller value of X (2, 3, 4).The results were displayed
using the DISTRUCT software as shown in Figure 6.
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Figure 1: Geographical Distribution of Five Selected Duck Populations Used in the Present
Study in the States of WestBengal, Orissa, TamilNadu and Jharkhand. (WB- WestBengal,
OR- Orissa, TN- TamilNadu, JD- Jharkhand)
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TABLES 1-8

Table 1 List of Microsatellite Primers Selected for the Genetic Diversity Analysis in Duck Populations

Sr. | Primer Primer sequence in5’ -3 orfentation | Dye | Repea [Tm Expected PCR | Linkagearoup | Gene  bank
No | name t values | product size accession
°C)
1. | CAUDO10 F-GGATGTGTTTTTCATTATIGAT PET | CA 503 116-135 CAU-2 AY493255
. R-AGAGGCATAAATAGTCAGTG

2. | CAUDOM1 F-TGCTATCCACCCAATAAGTG FAM | CA 503 126-141 CAU-2 AY493256
R-CAAAGTTAGCTGGTATCTGC

3. | CAUDO13 F-ACAATAGATTCCAGATGCTGAA PET | AC £8.1 90-114 Unidentified AY493258
R-ATGTCTGAGTCCTCGGAGC

4. CAUDO1& F-TTTAGGTAAAACTGTGAATCAA NED |-T 514 202-218 Unidentified AY493261
R-ATCAAAGCAGGGAGCTAAG .

5. | CAUDOT7 F-AGAAATACACTTACAGCACT NED | TC 58.1 200-246 CAU-8 AY493262
R-TGTCATAAAATGGTTAATTGC

6. | CAUDO19 F-CTTAGCCCAGTGAAGCATG vic | TC 58.1 186210 CAU-7 AY493264
R-GCAGACTTTTACTTATGACTC

7. CAUDO22 F-CATGCTGAGTGTCCTATCCT FAM | GCA 555 125-137 Unidentified AY493267
R-CCAGGTCAGGCGTGTGCT

8. CAUDO23 F-CACATTAACTACATTTCGGTCT FAM | AC 514 163-183 Unidentified AY433268
R-CAGCCAAAGAGTTCAACAGG

8. CAUD024 F-TCGCATTAAGCTCTGATCT vie | T 55.5 265-345 CAUA1 AY493269
R-ATCAACAGAATCCAAAATATG

10. | CAUDO25 F-AGTTCATCCCGATTTGTAGC viC | CA 635 280-320 CAU-1 AY493270
R-AAATGCAGTGAGGTAAACCC

11, | CAUDO26 F-ACGTCACATCACCCCACAG FAM | AC 60.8 138-152 Unidentified AY493271
R-CTTTGCCTCTGGTGAGGTTC

2. | CAUD027 F-AGAAGGCAGGCAAATCAGAG PET | CA 66 108-123 CAU-1 AY493272
R-TCCACTCATAAAAAGACCCACA

13. | CAUDO3 F-AGCATCTGGACTITITCTGGA PET | TC 514 110-140 CAU-1 AY493275
R-CACCCCAGGCTCTGAGATAA

14, | CAUDO32 F-GAAACCAACTGAAAACGGGC PET | CA 88.1 110-125 Unidentified AY493277
R-CCTCCTGCGTCCCAATAAG

16, | CAUD033 F-ACCCAGAAGAGTCAAGAATAG NED | AC,Tn | 581 200-207 Unidentified AY493278
R-GAGTATTCCTGGTCTGTGCT

16. | CAUDO35 F-GTGCCTAACCCTGATGGATG NED | CA 635 220-238 CAU-6 AY433280
R-CTTATCAGATGGGGCTCGGA

17. | APHO1 F-TACCTTGCTCTTCACTTTCTIT FAM | GT 538 191-200 CAU-5 AjgrasTy
R-GTATGACAGCAGACACGGTAA

18. | APHC3 F-ACCCAAGACAGAATAATCCTA NED | GT 516 209-220 Unidentified AJ272578
R-GAACACAACTGCTTTGCTA

19. | APHO7 F-ACATCTTTGGCATTTTGAA viC | TC 527 223-238 CAU-5 AJ2T2579
R-CATCCACTAGAACACAGACATT

20. | APHO9 F-GGATGTTGCCCCACATATTT PET | AT,GT | 5841 102-125 CAU-18 AJ272580
R-TTGCCTTGTTTATGAGCCATTA

21. | APH10 F-ATTAGAGCAGGAGTTAGGAGAC FAM | AC 523 111-137 Unidentified AJ272581
R-GCAAGAAGTGGCTTITTIC

22. | CAUDIO F-ACAGCTTCAGCAGACTTAGA VIC | An §55 277-329 CAU-11 AY493246
R-GCAGAAAGTATTAAGGAAG

23. | CAUDOO4 F-TCCACTTGGTAGACCTTGAG - NED | AC 60.8 186-222 CAU-16 AY493249
R-TGGGATTCAGTGAGAAGCCT

24, | MCwazs F-ATGGAAACAGATGGAGCTGGC FAM | TG 516 204-220 Unidentified G32083
R-CTCCAATCCCAGGCTCCAAC
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Figure 2: Graphical Representation of Population Assignment in the Five Duck Populations
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Figure 4: Relationship among Duck populations based on Nei’s 1972 genetic distance
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