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ABSTRACT

A research study was carried out to compare growth performance of Muscovy (Cairina moschata
domestica) and Pekin ducks (Anas platyrlynchos) and to evaluate the genetic diversity of Muscovy
duck papularioﬁ in Botswana. A total of 64 Muscovy and 64 Pekin ducks were indivia"ually
identified using leg bands and raised under deep litter management system. The ducklings were
Jed commercial broiler starter crumbs (day old to 2 weeks of age) and commercial broiler grower
. pellets (3-16 weeks of age) and their feed intake was recorded daily, and live weights were
recorded on a weekly basis from 3 to 16 weeks of age. Generally, Pekin ducks (combined male
and females) had significantly higher feed intake (P<0.05) than their age-matched Muscovy
counterparts from 3 weeks (436.63+7.37 vs. 298.54%7.37g, respectively) 1o 13 weeks (473.22:1.77
vs. 467.56+1.77g, respectively) of age. Musceovy ducks had significantly better feed conversion
efficiency than Pekin ducks from 6 weeks (10.38+0,03 vs. 16.4620.03) to 16 weeks (38.96+0.92 vs.
-139.39 % 0.92, respectively) of age. Pekin ducks (combined male and females) had significantly
higher body weight than Muscovy ducks from 3 weeks (740.32219.35 vs. 451.42+19.35g,
- respectively) to 7 weeks (2567.44£32.84 vs. 2128.82+32.84g, respectively) of age. Muscovy
ﬁzmale;s' had lower body weights than Pekin females at all ages from 3 weeks (363,48 £19,35 vs,
710.10x19.35g, respectively) to 16 weeks (1991.51£37.07 vs, 2714.89£37.07g, respectively) of
age while Muscovy drakes had significantly superior growth performance than Pekin drakes from
12 weeks'(3507.95:!:38. 79 vs, 3311.60 +£38.7%9g, respectively) to 16 weeks (4051.56 +37.66 vs.
3192.00 +37.07g, respectively) of age, Early enhanced growth performance of Pekin ducks (bath
males and females) therefore makes them more suitable candidates for broiler or meat type ducks
' than Muscovy ducks. The objective of the sccond study was to evaluate the genetic diversity of the
indigenous Muscovy duck population in Botswana using a panel of 8 chicken microsatellite
:ﬁarkers. Genomic DNA was extracted from 25 randomly selected Muscovy ducks from 8 villages
in the Southern half of the country for microsatellite marker analysis. Observed and effective
number of alleles ranged between 5 and 12 and between 2,495 and 5.189, re.vpecfi\’cly. The mean
observed and effective number of alle]c.s' in Muscovy ducks was 8.25 and 3.66, respectively. The
observed heterozygosity ranged betwcen 0.435 and 0.913 with mean observed II(.’!EI‘O"ngSlU' of
0.733+ 0.164, while the expected heterozygosity ranged between 0 613 and 0.825 with mean
“expected heterozygosity of 0, 725+0.078, The allelic diversity and mean observed and expected |
heterozygosity all translated to high levels of genetic diversity in the indigenous Muscovy duck .



population. Only four loci studied were in Hardy-Weinberg equilibrium and the inbreeding
cocfficient was -0.136 indicating that the population was outbred and therefore had negligible
levels of inbreeding. Results indicate that Muscovy duck population displayed sufficient genetic
variation for within breed selection in traits of economic importance and to withstand anticipated
environmental changes resulting from global warming and climate change.

Keywards: genetic diversity, growth performance, microsatellite markers, Muscovy ducks, Pekin
ducks ‘ ‘
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CHAPTER 1: GENERAL INTRODUCTION

1.1 INTRODUCTION

In Africa, poultry is an important cornponent of agricultuml production system and play many
socio-economic roles in the lives of rural population. Ducks represent the second largest poultry
popﬁlation in Africa afler chicken (Teguia ef al., 2007). Ducks are less exigent for fccd quality and
_less susceptible to diseases than chicken (Modnk, 1996 ns'citcd by Bhuiyan ef al., 2005) and their
production in large numbers could be a rapid solution to protein shortage in Africa. Moreki (2011)
reported that Botswana imports its duck meat from South Africa. The Botswana Poultry Annual
Report of 2010 also reported that Botswana import of duck meat mn_gcd between 2 tons and 2.3
tons between 2006 and 2008 (Morcki, 2011). ‘Potlcminlly, a vqricty of duck breeds (Pekin,
Muscovy, Khaki Campbell and Mule) are nvailable for production. Feed stufls (;onvcntionpl, non-
conventional and ggricultural by-products) are also readily nyqilnb_l_c, and duck meat and products

have good market pmspcéts especinlly in Asian countries (Adzitey, 2012).

Ducks are reared in all regions of the world and the size and trends of their production are highly
diversified and influenced by tradition and culture of particular regions. In Botswana duck
' pfoduction occurs'; at a subsistence scale mostly in rural arcas under traditional management system
and cd:ﬁmcrciul duck production is non-existent in the country. South-Eastern Asia contributes
33% of global‘ duck broduction (Cherry and Morris, 2008) and Chin‘n currently rnises the largest
populat.i'on of ducks. Physicians recommend people to Timit consumption of red mcﬁt in favor of
pbﬁllry meat due to thc mcreascd nsk of curdmvasculnr pathologics in human after consumption
of bcef (Pfeu ﬂ'cr, 200 1), There is thercfore cantinuous increase in the consumphon of poultry ment

in many countrics. Ducks are able lo adopttoa w:dc range of environmental and nntural conditions,



which may be the reason for their increasing importance, and the popularity of the duck industry

in many countries in the world (Solomon ef al., 2006 and Galal et al., 2011).

Intensive breeding and selection of ducks have resulted in the production of duck breeds and strains
with desirable meat quality traits and improved growth performance (Zhou, 2011). Further
improvements in growth performance and desirable meat quality traits will however depend on the
existing genetic diversity and conservation of the existing diversity for future breed developments.
Mninicnnr_lce and preservation of the existing genetic diversity in the duck population will ensure
future development of the duck industry and long-term sustainability of the industry capable of
responding 1o unpredictable future climatic and market demands. Evaluation of genetic diversity
in existing duck populations or duck breeds is therefore very useful in providing uscful information
to maintain and exploit genetic resources and for providing bascline data for future comparisons
and assessment of various management interventions on genetic diversity, Assessment of genetic
diversity in different duck breeds also offer the opportunity to establish genetic relationships
between populations or breeds and is very important for our understanding of the history of species
and even of cvolutionafy processes (Wu er al., 2009). Breed characterization rcduiré;s knowledge
of genetic variation that can be eﬂ'c.ctively ménsurcd within and between popqlntions (éhdlizaduﬁ

et al., 2007)



1.2 Justification

Considerable information is available on the growth performance of Pekin and Muscovy ducks
under different production systems in other parts of the world but théir growth pcffonnnncc under
Botswana weather conditions has never been evaluated. The Muscovy has traditionally been kept
by small-scale farmers in different parts of Botswana and is well-adapted to the low input-low
output production environment of resource-poor farmers. The influx of fast-growing and highly
productive Pekin ducks from China into Botswana threaten the genetic diversity of Muscovy ducks
through indiscriminate crossbreeding. Thercfore, Muscovy duck genetic diversity should be
assessed to provide baseline data for future monitoring of genetic diversity trends and to inform
future conservation and management decisions. The purpose of the study was therefore to evnlunlé
growth performance of Mu.scovy and Pekin ducks raised intensively and to assess the genetic

diversity of the Muscovy duck population in Botswana.

1.3 Study objectives

This study was undertaken to compare growth pcrfommﬁcc, feed intake and feed conversion
efficiency of Muscovy and Pekin ducks raised under intensive management system and to assess

the genetic diversity of Muscdvy ducks using chicken microsatellite markers.

1.3.1 Specific objectives
- The specific objectives of this study were to:.

1. To compare the weekly welghls. feed intake and feed conversion rntio of Muscovy and
Pekm ducks fed commcrcml feeds from 3 wceks to 16 wecks of age.

2. 'I'o dctcrmme thc Icvcl of gcncuc variation and the inbreeding coefficient of Muscovy

duck population using microsatellite markers.



1.4 Hypotheses

The hypotheses tested were:

Hox: There are no significant differences in weekly weights, feed intake and feed
conversion ratio between Muscovy and Pekin ducks of similar ages mised under an

intensive management system.

Ha1: There are significant differences in weekly weights, feed intake and feed conversion

ratio between Muscovy and Pekin ducks of similar ages raised under intensive system.

Huz: There is no genetic diversity or genetic variation in the Muscovy duck population of

Botswana.

.Haz: There is considerable genetic variation or genetic diversity in the Muscovy duck

population of Botswana,



CHAPTER 2: LITERATURE REVIEW

2.1. Introduction

The true Pekin duck originated in China and is now widespread througliout the world (Yakubu e/
al... 2015). Pckin ducks have an upright carriage, cream feathers and bright orange legs, feet and
biil. Their eyes are dark blue and the head is characterized by bu]ky cheeks (Kent, 2011). The
Pekin duck is a dual-purpose breed (kept for both meat and eggs) with adults weighing 3.63 to
4;99 kg and females laying 140-200 eggs per year. The breed is generally too héuvy to fly, and is
considered the easiest of all breeds to dress. The average lifespan of Pekin ducks is 9 to 12 years
(MacDonald, 2012). Pekin ducks reach market weight carly nnd are fairly good egg producers, but

they are pbdr setters and seldom raise a brood (Hamre, 2009).

Muscovy Ducks are native to Latin America and are onc of rthc greater wood ducks belonging to

the genus Cairina included in the tribe Cairinini belonging to subfamily Anatinc of family
| Anatidae (Goel and Goel, 2016). The plumage of Muscovy ducks can be black, white, and
combiﬁntion of the two or niulti-colorcd (Raji et al., 2009). Muscovy ducks are unrelated to other
(iomcstic ducks and are good foragers and good egg sefters. Muscovy males are much Inrger than
their female counterparts at market age (Hamre, 2009). The Muscovy is a dual-purpose breed,
desirable for both meat production and cgg;]uying. Muscovy meat is unique in‘lhn; it is stronger
tasting, t‘cndcr, less greasy, leaner, and sometimes compared to veal or roast beef. White breeds -

are the most desirable for meat production due to skin color and case of dressing (MacDonald,

2012).



2.2. Comparative Growth Performance of Pekin and Muscovy ducks.

Bhuyain et al. (2005) reported significantly heavier weight for Pekin than Muscovy from two
weeks (330 vs. 221p) 1o nine weeks (1763 vs. 1225g) of nge. Rashid ef al. (2009) observed that
there were no significant differences in body weights between Pekin and Muscovy ducks from two
- weeks (180 vs. 185g) to six weeks of age (685 vs. 700g) but Muscovy ducks were significantly
heavier than Pekin ducks from six weeks to ten weeks of age. According to St,cczny et al. (2015)
the body weights of Pekin ducks were significantly higher those of Muscavy from one week
(241 vs. 140g) to six weeks of age (2885 vs. 2525g), but at seven weeks of age their welphts
did not (iiffer (3102 and 2971g for Pekin and Muscavy ducks, respectively). Pekin males and
females wcrer significantly heavier than Muscovy males and females only at four weeks of age
(1045 vs. 1013g and 915 vs. 769g), respectively, whereas at sixteen weeks of age male Muscovy
ducks were significantly heavier (4918 vs. 3005g) than male Pekin ducks (Tai and Rouvier, 1998).
Omojola (2007) also reported significantly lﬁghcr body weight in Muscovy females than Pekin

females at ten weeks. -

2.3. Sexﬂal‘Dl:morphls.m inBody Weight in Ducks

Snn et al. (2013) found no s1gmﬁcant differences in body wclght at two weeks (362.83 vs.

341 42g) and four weeks of age. (1085.00 vs. 1019. OOg) between male and. fcmnle Pekin ducks
pectwely Farhat et al. (2000) and Sari e al. (2013) reporied Pekm ducks males to be

significantly heavier llmn their female. counterparts from five weeks (7594 vs. 2471g) to seven

{vccks ‘of age (3458 vs. 3266g) and from six weeks (1823 vs. 1677g) to cight weeks of age (2489

vs. 2313g) in the two studies, respectively. Witak (2'008) und Isguzar ef al. (2002) also rcportc;i

gmf’ cantly higher body wclght in male Pekins than lhclr female countcrparts from seven wecks

.' (3190 vs. 3031g) to nine weeks of ugc (3480 Vs, 3282;,) and from four weeks (192 8 vs.1157.7g)



to twelve weeks (2007 vs. 1791.8g) of age, respectively. Wawro ef al. (2004) reported significantly
higher body weights in male than female Muscovy ducks at twelve weeks of age (4451+£355.6g
vs. 2397£112.4g) and in Pekin males than females at seven weeks of age (30082231.0g vs.
2726+200.6g). Omojola (2007) also found that male Pekin and Muscovy ducks hod higher body
weight than their female counterparts at ten weeks of age (2000 vs. 1466.70g and 2000 vs.
1585.30g, respectively), and similar results were reported by Galal et al. (2011). Kleczec ef al.
l(ZOO'I) and Teguia et al. (2008) reported significantly higher body weight in male Muscovy ducks
than their female counterparts from four weeks of age to ten weeks of age and from tim:c to twelve
weeks of age, respectively. Pingel (1999) reported that different duck breeds differ in growth rates
and in the degree to which males grow faster than females. The Pekin ducks typically exhibit early
growth with a difference of 10 94, in size between sexes, while the early growth of Muscovy ducks
is usually quite slow and they develop a marked difference in weight between sexes with maturity.
Baeza ef al. (2001) reported similar day old body weights of male and female ducks (about 45 g)
and significantly higher body weight in males than females from 4 weeks to 15 weeks of nge
(4573408 g vs. 2879£210gat i5 weeks of age, respectively). Teguin ef al. (2008) also indicated
-that African Muscovy mules_.wcrc'signiﬁcnntly heavier than their female counterparts from two
.. wcékﬁ (i '13 vs. 89.6g) lo twelve weeks (1832 vs. 1249g) of age. The sexual dimorphism in body

wcight'-ir'i favor of males observed in ducks has also been reported in chipkcns (Nthimo, 20()4;

Raach-Moujahed ef al., 2011).



2.4. Production systems for Ducks.

Ducks can be reared under three production systems which are free-range, semi-intensive and

fully intensive confinement rearing systems.
- 2.4.1 Free range system.

Indigenous Muscovy ducks in Botswana and most African countries are kept under backyard or
free-range management'system. Under this system, ducks are not confined and are thus allowed to
freely room nromidllhc backyard or around the homesteads to scavenge for any available food in
the surroundings (Azahan and Mokhtar, 1984). Under the free-range management system ducks
are occasionally fed with leftover food from the kitchen or surplus grains. In Nigérin,' 90% of
indigenous Muscovy ducks are rearcd undcr‘ extensive system with little 6r no lfccd
supplementation (Ola, "000) Dong and Ogle (2006) rcporlcd poor ;,rowth pcrfonnnncc of
Muscovy ducks under free-rangc management syslcm as compnrcd to other research reports where
improved ninnngemcnts systcms were uscd and ntlributcd this lo puor nutrition under the free-

range management system.
2.4.2 Semi-Intensive Production System

‘ Undcdr the semi-intensive management system, ducks are conﬁnbd in an enclosure which has a
~ shed for shelllcr, and a mn.und a pool of ivatér or a free-flowing stream for swimming. Being water

fowls, a pool is prov1dcd for the ducks for sw1mmmg"and for proper growth and dcvclbpmcnt
..(Aznhanan'd Mothtar, 1984) In Botswnnu, the scm1 mtcnswc produchon system ‘of ducks 15:
mostly, practiced m ' urba_n and pen-urbun arens whereas the free-range prqductmn systcm |
predommntes in rurul areas. Under the semi-intensive production system, ducks nré‘only kept

enclosed at night and dunng the day frecly roam outside in search of feed. The shelter mostly



provide night shelter and nests for lnying eggs. The main advantage of the semi-intensive over the
intensive duck production system is that some potential factors affecting duck welfare cited by

Jones ef al. (2005) such ns ventilation, temperature, humidity, litter condition and atmospheric

ammonia do not affect duck performance.
2.4.3 Intensive (Confinement) System.

The ducks are kept enclosed permanently in a covered shelter (indoor system) with or without a
pool inside the shelter. A fully intensive confincment rearing system for ducks, similar to that used
for broiler chickens, is not commonly practiced in Botswana although it is common in the USA
and many European countries. The permanently indoor production system is for large-scale duck
farms, where production is mechanized to reduce labor costs. The system requires more investment
than the other two production systems in terms of housing. Farmers also have to provide all feed
and water and clean the house regularly. If properly managed, the fully confinement intensive duck
production system can result in fast growth of ducks, Jones and Dawkins (2010) studied ducks
reared under fully confinement intensive systems and highlighted the importance of maintaining a

good micro-climate (humidity and ammonia concentrations), lighting and dry litter for good hcnllh

and production performance.

| 2.4.3.] Ammonia Cancenrmﬂan.

' Vcntllnllon rates and house condltmns must prowde sufﬁcncnt fresh air l'or the ducks ot all times.

Air quality, mcludmg dust levcls and concentrations of carbon dioxndc, carbon monoxldc,

- hydrogeﬁ sulfide and ammomn, must bc controlled nnd kept wnhm Jimits to ensure duck wclfarc

is not ncgauvcly affected (Muplc Leaf Farm, 2018) Ammonm levcls must bc momtnrcd dunng :

‘ | 'cach field tcclmlclnn visit and rccordcd on the field technician rcpon and flock rccord (Muple Leaf
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Farm 2018). Wet litter and high ammonia were also implicated in worse gait, and increasing

ammonia was implicated in the incidence of foot pad dermatitis (Jones and Dawkins 2010).

2.4.3.2 Quality Litter

Litter is used primarily for the purpose of keeping the birds clean and comfortable, It absorbs
moisture from the droppings and then gives this moisture to the air brought in by ventilation. A
good litter is highly absorbent and fairly coarse, so as to prevent packing. It should be free from
mold and contain a minimum amount of dust (Ensiminger, 1992). According to Musa et al. (2012),
careful selection, adequate management and proper storage and utilization of poultry litter are of
parumount importance 10 reduce environmental pollution, discase spread and cconomic losses
nssociuted with poultry litter. According to Mohammed ef al. (2019) growth parameters of ducks
were better in plastic slatted and sawdust litter Moor, respectively, while the lowcst growth
parameters were in non-bedding floor. At five weeks of age the average live weight of ducks were
3175.4g,3260.6g, 3044 3g and 2785.5g in duck houscs bedded with wood shavings, plastic slatled

sand and no bedding, rcspcchvcly,

2.4.3.3 Lighting

Although duck productibn in mosf developing countries is carried out under nntural ligﬁting ﬁndér
1hc free-mngc producnon system, under the fully confinement mlenswe producllon system it 1s‘
dcsnrable and in fnct necessary 10 have houses wired so that llghts can be lurncd on when dcsu'ed

In uddmon, lights are usually provndcd in the ynrds for futtcnmg ducks nnd are uscd at mght and_

durmg storms to keep thc ducks from slumpcdmg (Lumon 2011), Erdcm el aI ("015) rcportcd '

| lower body welght gum <0 001) in an cxpcnmcnt wnth mcrcuscd dnrkncss due to rcduccd

actwuy nnd feed mtnkc The ducks in prolongcd durlmcss consumcd less fccd (5202 42g vs.
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6658.32g/bird) and had lower body weight (2482.37g vs. 3069.16g/bird) compared to ducks rearcd

under prolonged light.

2.5, Influence of Rearing Systems on Growth Performance of Ducks

Etuk et al., (2006) compared the growth performance of Nigerian Muscovy ducks under semi-
intensive, intensive management system with wallow and intensive management system without
wallow and found no significant differcnces in average daily gains (16.07g, 16.39 and 15.87g/d
for the three systems respectively), feed intakes (128.54, 130.68 and 131.14 g/d) and feed
conversion ratios (11.56, 11.44 and 12.16) between the three systems, respectively, Similarly,
Azahan and Mokhtar (1984) found no significant differcnces in body weight (2.59 vs. 2.83kg),
feed intake (10,76 vs. 11.05 kg/d), feed efficiency (4.22 vs. 3.96) and monrtality (5.2 vs. 4.3 %)
between Pekin ducks raised under semi-intensive and intensive rearing systems, respectively, at 8

weeks of age.

2.6 Health management
Modem duck production is aimed at maximizing the number of ducklings produced per breeder
female at pdint of lay that are able to reach slaughter age or kilograms of duck meat per breeder -

female at pomt of lay (Intcmntmnul hatchery Practice- Volumc' 19 number 6). One of the kcy

factors to achiceving this turgcl will be the health status of the brccder ﬂock and their progcny until |

maturity. The key to achieving tlus is through strict ndhcrcnce 1o blosccunty measures (o keep
dlscases out of the duck farm and vaccmatlon against duck dlscases known ta be endemic i 1n the |

area. Rccommendcd vaccmatlon schedule for breeder ducks is ‘depicted in Table 2.1, Ducks have
the advanln;,e aver chlckeus m that thcy are hardy and have better udnpmtmn to harsh -

: cnvironmcntul condmons (Adzutcy and Adzitey, 2011) nnd are more rcsmlnnl to most puullry'
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diseases than chickens. Some common diseases of ducks in Botswana include Vibrio fluvialis,
‘fowl pox, helminthiasis and colisepticacmia (Moreki et al,, 2011). Other common viral discases
which affect ducks are Duck virus hepatitis, duck plague, reiovirus infection of Muscovy ducks

- and parvovirus infection of waterfowls (Maple Leaf farm, 2018).

Table 2.1 Vaccination Program for Duck Breeders

Age in weeks Vaccine Route Type

4 Duck viral hepatitis ~ SC Live vaccine (Type 1)

4 Duck viral enteritis SC | | Livc vaccine

10 and 20 R anatipestifer sC ~ Bacterin

10and20 Duck vira] hepatitis ~ SC “Killed virus vaccine (T ype 1)

(Source: Steward-Brown, 2019)

2.7 Nutrition

Feed is one of the most important factors to consider in any farming venture and constitute about.
70% of total production cost (Singh‘er al., 2009). Regordless of how ducks obtnin their i‘oo‘d,
whether it be by scavenging, or consuming a complete ration, the food consumed ﬁwst contain all
the nutﬁenw, in an available form, that are needed for maintenance, growth and reproduction |
(Dcan, 2008) Compared to chickcns, very little research has been done ﬁn the nutritional
rcqulrcmcnts of ducks Protein nnd energy arc the first nutritionnl requirements that shuuld bé ‘
consulcrcd in diet formulatmns because lhcy are the most cxpcnswc, but nlsn because of thexr

impact on the producnvc and rcproductwc performance of poultry for meat or cgg producuon |
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(Fouad ef al., 2018). Fan e al. (2008) found significantly increased live weight gain and
significantly reduced feed intake and feed:gain in Pekin ducks as dietary energy increased from
ﬁ,600 to 3,100 kcal of AME/kg. In the same study, increasing dictary energy levels resulted in
improved feed conversion efficiency as a result of reduced feed intake and negative cffects on
carcass quality by increasing body fat deposition. The researchers recommended uppmxfmntcly
3,000 kcal of AME/kg for optimal weight gain and feed:gain when dietary protein was 18%.
Wickramasuriya (2016) reported an almost similar figure of 2,900 kcal of AME/kg with 18% crude
protein in order to maximize weight gain in native Korcan ducks. Thongwiltaya et al. (1992)
however recommended 2,700 keal of AME/kg with 16.5 crude protein in order 1o maximize
productive performance of laying ducks from 18 o 37 wecks of age. Some carly research indicates

that ducklings have a higher protcin requirement for the first two weeks of life (20% of the diet

should be protein) but the protein requirement decreases rapidly after tlns age (Ferket, 2007) Xie |
(2017) found that decreasing dictary CP had no significant negative cffects on weight gain and

feed intake of ducks (P > 0.05) but the feed/gain of growing Pekin ducks increased (P < 0.05)
when dietary CP decreased from 17.22 to 13.54%. Apart from the energy and crude protein, other

nutritional rcquiremcnts of ducks are shown in Toble 2.2 below, "



Table 2.2 Nutrient requirements for Ducks.

14

Nutrient Slarter (0-8 weeks)  Grower (9-20 weeks) Layer Breeder
ME Kcalkg 2750 2750 2650 2650
Lysine % 0.70 0.65 0.75 0.60
CP% 22 | 16 18 15
Methionine % 0.40 0.30 0.29 - 0.27
Ca% | 0.65 0.60 2.5 2.75
Phosphorus % 0.40 0.30 045 0.30
Vitamin A , U 2500 2500 6000 4000
.Vita;*_nin D3, ICU_ | 400 400 | 1000 | 900
Vitamin E Mg - 10 10 20,00 10
Vitamin K Mg 0.50 0.50 200 050
Riboﬂa;in ppm 4 4 5.(50 -4
Pumolhcnic acid ppm 11 11 15.00 11
Niacin ppm 55 55 55,00 55
Pyn’do:l&ine pﬁm 25 ) 2.5 6.00 3.0

(Adapted frdm Ghash, 2014)
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2.8 Suitable Temperature

Exposure of poultry to chronic environmental temperatures (high or low) during the course of |
prdduction has adverse effects on body weight, body weight gain, feed conversion cfliciency, meat
yield, immune response and mortality (Washburn, 1985; Howlier and Rose, 1989), Exposure of -
poultry to high ambicnt temperature has more detrimental effects on body weight, body weight
gain, feed intake and feed conversion efficiency than exposure to low and moderate ambient
temperatures (Olanrewaju ef al., 2010). Exposure of broilers to high ambient temperature resulted
in significantly reduced body weight (3.075 vs. 3.661 and 3.910 kg), feed intake (6.497 vs. 7.302
and 7.673 kgi and feed conversion ratio (2.598 vs. 2.011 and 1.977 Kg)‘nnd carcass weight (2.31
vs. 2.67 and 2.79 kg) as compared to exposurc to modermte and low ambient temperature,
respectively ((j]unm\vuju et al., 2010). At the time of hatching, ducklings require a high
| 1ernperat11re. of about 30°C as at day old, ducklings arc not yet able to regulate their body
temperature and must have supplemental heat such as that provided by a brooder. As 1hcy grow
older they become betier able to produce and conserve heat, and regulote their body tcmpemlureL
After the ducklings have been fully covered with feathers they are able to muintniﬁ proper body
tempemturc even when the outside lcmperalurc is low (Dean erl al., 2008). Rccommcndc'd ambient

temperatures for ducks at various ages or dcvelnpmcntul stages are shown in Table 2.3 bclow.
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Table 2.3 Optimum Temperatures for Ducks

Age of ducks (days) °C
1 30

7 27

14 23

21 19

28 15

35 13

42 13

49 13
Developing breeders 13

(Source: Dean ef al 2008)

2.9 Feed intake and Feed conversion ratio of Muscovy and Pckin ducks.

Bhuyain et al. (2005) reported significantly higher feed consumption for Pekin than Muscovy from
one week (313.12 vs. 244,80g) to nine weeks (4409 vs, 3608g) of age and they also reported
signiﬁcantly better feed conversion ratio (FCR) for Pckiﬁ than Muscoiry ducks from one week
(2.95 vs. 3.98) to nine weeks (2. 36 vs. 2.58) of age. Golal ef al. (2011) reported Signiﬁcnnlly
j higher feed consumphon in Muscovy ducks than Pekin ducks at twelve weeks (3007_vs. 2321) of
age and significantly better: ovcrnll feed conversion ratio for Muscovy than Pekin ducks (2 37 Vs,
2.48) at the same agec. Rashid ef al. (2009) observed no significant dlﬂ'crcncc in fccd consumpuon
betwcen Pekm and Muscovy ducks but Pekin ducks had comparatively higher feed consumption
from one week to ten weeks of age. In the same study, {eed cfﬁc:lency was higher at all ages in

Pekin ducklings and Signiﬁcantly higher (P<0. 01) nt four weeks (2.6 vs. 3.0) and five wccks (2 g - .

“vs. 3.3) of age.
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2.10 Molecular Characterization of Ducks

Microsatellite markers are useful in determining not only the level of heterozygosity but also in
estimating genetic distances between breeds or between subpopulations within breed or closely
related species (Chen ef al., 2004). Microsatellite markers are also suitable for measurement of
genetic parameters such as observed and effective number of nlleles as well as the polymorphism
information content (PIC) in a population and can also detect rare alleles in a population (Bartfai
et al., 2003). Some measures of genelic diversity in a population include observed and effective
number of alleles, observed and expected heterozygosity, polymorphic information content,

inbreeding coefTicient and Hard-Weinberg Equilibrium.
2.10.1 Observed and Effective number of alleles

Khan Ahmadi ef al. (2007) studicd the genetic structure of Pekin and Muscovy duck populations
in Northern Iran using a panel of 10 micmsnlcll.ile markers and reported n total of 44 alleles across
all loci 100 typed individunl ducks. The mean number of nlleles per locus across the two breeds
was 4, which indicated reasonable allelic diversity in the two duck breeds. The mean observed and
ef[‘ectivc numbers of nlle!¢§ were 2.22 and 2.029 in Pekin ‘nnd 2.44 and 2.18 in Muscovy ducks,
respectively. Lief al. (2006) reported a fangc of 5 to 13 observed alleles per marker and mean
observed number of alleles per marker of 8.428 and mean effective number of alleles per marker
‘of 4.8in Chinese native ducks. Gﬁur et al. (2016) reported the mean observed and effective numbér
of nllelcs pcr marker of 11,29 and 4.29 in Coastal ducks, rcspcctwely Su and Cheng (2009)
rcporlcd a range of 5 to 15 observed alleles per marker nnd mean number of allcles pcr murker of |
12.2 in Chinese indigenous lnymg type ducks Goel and Goel (2016) reported e range of 4 to 26 '
,observcd allclcs pcr marker and mean observed number of alleles per murker of 11.46 and mean

cffcctwc numbcr of nllcles of 5.02 m Indmn Muscovy ducLs Similarly hlgh mean observcd
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number of alleles (10.09) and mean effective number of alleles (4.67) per marker were reporied
by Mukesh et al. (20'1 1) in Indian ducks. Several other researchers (Wu ef al., 2009; Seo et al.,
2016; Isomogowoti and Purwatini, 2010; Su and Cheng, 2009; Li et al., 2006; Liu er al., 2008)
used microsatellite markers to genctically characterize their native ducks and found mean observed
and effective number of alleles of more than 4 allcles per marker. All these translated to high
levels of allelic diversity in most duck populations of the world and considerable genetic diversity

in various duck breeds that could be exploited to increase their overall productivity.
2.10.2 Observed and Expected Heterogygosity

According to Nei and Kumar (2000) observed heterozygosity and expected helemzygpsity are
highly correlated but expected heterozygosity also known as Hardy-Weinberg heterozygosity is
considered a better estimator of the genetic variability present in a population. Generally, for
markers to be considered useful for measuring genetic varintion in a population they should have
averager heterozygosity between of 0.3 and 0.8. In most duck studies, the mecan observed
hetcrozygosnty was less than the mean expected heterozy gosity such as 0.496 and 0.606 in Chinesc
indigenous ducks (Liu et al., 2008), 0.63 and 0.72 in Indian ducks (Mukesh ef al., 201 l), 0.514
nnﬂ 0.606 in. Beijing ducks (Wu et al., 2009), 0.693 and 0.698 in Chinese lndlgcnous laying duck
(Su nﬁd Cheng, 2009), 0.492 and 0,623 in Asian ducks (Seo et al., 2016), 0.40 and 0.68 in Constal .
ducks‘_(Gnur ef al., 2016) and 0.54 and 0.73 in Indian Muscovy ducks, respectively, Some ;‘itudics o
however, rcported hi ghcr mean observed hclcrozyg051ty than mean expected heterozygosity. Khan
Ahniadi et al. (2007) reported mean observed heterozygosity of 0.53 which was higher than medn

cxpected hctcrozygosuy of 0.43 in Pekin ducks, The mean hctcrozygosmcs (bolh cxpcctcd and

~ observed) rcportcd in all the above stud1cs were above 0.3 md:cutmg + that the markers used in the

| various studics were useful or were better csnmutors of [,cncuc vnnnblhty in ﬁxc,rcspc;twg |
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populations. High expected heterozygosity values reported in most studies above could be

attributed to low levels of inbreeding and lack of artificial sclection programs in ducks.

2.10.3 Polymarphic Information Content (PIC)

Polymorphic Information Content (PIC) is a pummctcr.for indicating genetic variation and for
measuring the marker’s informativeness in population studies (Felmer ef al., 2008). The values
range from O (no genctic variation and less uscfulness of the marker in population studies) to 1
(high genetic vqriation and high uscfulness of the marker in population studies. A PIC value of
greater than 0.5 is considered to be highly informative, whereas a value 0.5>PIC>0.25 is
considered to be reasonably informative and PIC<0.25 is less informative (Botstein et al,, 1980).
Mukesh er al. (2011) reported average PIC of 0.68 from I8 loci in Indian duck populations,
Ismogowati and Purwatini (2010) reported average PIC of 0,710 from 6 loci in local Indonesian
ducks, Seo et al. (2016) found average IﬁC of 0.584 frqm 24 loci in Asian ducks, Li ef al. (2006)
found average PIC of 0.72in Chinese native ducks, Hui- Fang et al. (2010) found average PIC of
0.579 from 29 loci in Chinese Indigenous egg type ducks and lastly Wu et al. (2008 and 2009)
reported average PIC of 0.762 from 20 loci and 0.573 from 18 laci, respectively. All the above

studies reported average PIC value above 0.5 indicating that the markers used in the various studies

were very informative.

2.10.4 Inbreeding Cocﬂiclem (Fis)

Accordmg to Groom et al (2006) Inbrecdmg Coeffi cicnt (Fis) or F-stntistics dcscribe how genelic
dwcrs;ty is partltloncd ina populnuon 1‘1. valucs delcrmmc whclhcr or not subpopulutmns have
'cher or more hcterozygous mdmdunls tlmn expected. When thcrc arc fewer hetcrozygous

mdwnduuls than expcctcd, Fiowill bc positive and when there are more hcterozygous 1nd1v:dunls
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than expected, then Fis will be negative, Therefore, negative values for Fis indicate excess of
heterozygotes in a subpopulation and positive values indicate a deficiency of heterozygotes or
excess of hpmozygotes in a subpopulation. Most duck studies found positive Fis such as 0.03 in
Indian ducks, 0.28 in costal ducks, 0,158 in Beijing and Cherry valley ducks and 0.647 in six duck

popt_xlulions (Mukesh et al., 2011; Guar ef al., 2016; Wu et al., 2009; Wu et al., 2008). Goel and
Goel (2016) reported overall Fis value of 0.248 which was significantly different from zero and
points to a relative increase of 20% in homozygous loci in individuals within the population of
Indian Muscovy ducks (Fis values were positive for 20 out of 24 loci studicd). Hui-Fang ¢! al.
(2010) reported Fis value of -0.506 in Chinesc Indigenous egg type ducks and the reason for
negative Fi, might be avoidance of mating closely rclated animals or outbreeding in Chincse egg

type ducks.

2.10.5 Hardy-Weinberg Equilibrium (HWE)

When a popu]aﬁon is in Hardy-Wcinberg equilibrium for a given genetic locus it means that there
is random mating (with respect to that locus), no sclection, no mutation, no gene flow and the
population is large enough to avoid the random effects of penetic drift (Baker's curriculum unit).
According to Cartwright (2004), a goodness-of-fit test can be used to determine if a population is
in Hardy-Weinberg cqu:hbnum Accordmg to Gaur ef al. (2016) in West Bcngul duck
populations 21 out of 24 loci deviated from Hardy-Weinberg equilibrium using chi squure test
’wlulc 3 loc1 showcd no significant departure from Hardy-Weinberg equilibrium, Isomogowatx o
and Purwuntml (2010) reported that all the six loci used in the study devinted from Hardy- N

eqmllbnum in Iocal Indonesian ducks due to selection and migration in the three duck

. Wembcrg

pbpuintion. Most duck studies cited above indicated that most loci studied were in Hurdy-
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Weinberg equilibrium attesting to the genetic stability of the studied populations and lack of

evolutionary forces that causes loci to deviate from Hardy-Weinberg equilibrium.



CHAPTER 3

Growth Performance of Muscovy and Pekin Ducks under Intensive Management System in

Botswana

Abstract

The purpose of the study was to compare growth performance of Muscovy and Pekin ducks under
an intensive management system in Botswana. A total of 64 Muscovy and 64 Pekin ducks were
raised from day old to 16 weeks of age under deep litter management system. A total of cight
randomly selected Muscovy and 8 randomly selected Pekin ducks were housed in separaie rearing
units for a total of 8 rearing units resulting in 8 replications per breed. The birds were fed
commercial broiler starter crumbs for the first two weeks of life and broiler grower pellets
thereafier until 16 weeks of age. Feed and water were provided ad libitum. Body weight of
individual ducks were taken weekly from 3 to 16 weeks of age. Muscovy and Pekin ducks of botl
sexes had the most rapid growth rate during the first 7 weeks of life, Pekin ducks had significantly
higher feed intake (P<D.05) than their age-matched Muscovy counterparts from 3 weeks
(436.63+£7.37 vs. 298.54%7.37, respectively) to 13- weeks (473.22+1.77 vs. 467.56x1.77g,
respectively) of age. Muscovy ducks however had significantly better feed conversion  efficiency
than Pekin ducks from 6 weeks (1 0.38+0.03 vs. 16.460.03) 10 16 weeks (58.96£0.92 vs. -159.59
+ (.92) of age. Male Pekin ducks were sigm'ﬁcamly heavier (p<0.05) than their age-marched
Muscovy counterparts from 3 weeks (770.54 £19.35 vs. 3539.35+19.35g) 1o 6 weeks (2{78.3§
+55.3/ vs. 1638.84 +55.31g, respectively) of age. There were no significant differences in body
weight between the two breeds from 7 weeks (2768.481-1:32.84 vs. 2730.54+32.84g) to 11 weeks
(3295.58+40.11 vs. 3382.63+40.11g) of age. Male Muscovy.ducks were however, significantly
heavier than Pekin males from 12 weeks (3507.95+38.79 vs. 3311.60+38.79g) to 16 wecks
(4051.56 +37. 65 1;3, 3!92.0%3 7.07g) of age. Pekin females were significantly heavier (P<0.05) '
than their age-.-ndtched Muscovy counterparts at all ages fram 3 (710.10£19.35 vs. 363.48
+19.35g, respectively) 1o 16 weeks (2714.89 £37.07 vs. 1991,51437.07g, respectively) of age.

Early enhanced growth pq::fqrmancc of Pekin ducks (both maIc.f and ﬁ:males) cnmpqred Io

Muscovy ducks make them more suitable candidates for selection of meat type ducks.

Key words: body weight, duck, intensive management, Muscovy and Pekin



3.1 INTRODUCTION

Duck farming and production has received much attention because of the steady increase in duck
meat consumption (E]-Gcndy, 2005). Ducks are primarily raised for meat, eggs and feathers.
According to Moreki (2011), Botswana imports mpst of its duck meat from South Africa. These
imports were over 2 tons of duck meat annually from the year 2006 (Moreki, 201 1). Intensive duck
farming in Botswana present an avenue for the diversification of the poultry industry 1o mect local
demand for duck meat and for possible export to duck meat markets in Asian countries (Adzitey,
2012). Ducks are less exigent for feed quality and less susceptible to discases than chicken (Modak,
1996 as cited by Bhuiyan et al., 2005) and (heir intensive production could be a rapid solution to
protein shonagé in Africa. Ducks are less éusccpliblc to common poultry diseases such as leucosis,
Marek’s disease, infectious bronchitis and other respiratory disorders (Sariet al, 201.3). Ducks are
also able to ﬁdnpt to a wide range of environmental and natural conditions, which tﬁny be the

reason for lhcilr increnéing importance and popularity (Solomon et al., 2006).

llﬁcnswe brecdmg and sc!ccllon of ducks hnvc rcsullcd in ll-lc production of duck hrccds nnd strains
with desnruble traits and growth peri‘ormnnce Duck breeds uvmlnblc for intensive producuon in
Botswana include the Muscovy and White Pekin ducks. Pekin ducks have been reported to outpacc
the modcm brollcr chlcken in terms of body wclght gmn nnd feed effi c1cncy ) thc same live wclght
duc 1o gcncuc lmprovcmcnt (Zhou, 2011). Consndemblc ml‘onnatlon is nvm]nblc on 1hc growth
pcrf'ormuncc of‘ Pekm nnd Muscovy ducks under dlfl'ercnt producuon systems in other parts of the
world but their growlh performance under Botswana Iocal wcalhcr condltmns has never been "

evnluutcd Thercfure, the objcchvc of tlus study was to evaluate the growth pcrl‘onnuncc of the .

' Muscovy and Pekin duck fed commercial broiler dicts undcr intensive management systcm m

_ sbutheastem Botswana.
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3.2 MATERIALS AND METHODS

3.2.1 Study area

The study was carried out in Botswana University of Agriculturc and Natural Resources, Content
Farm, Scbele, Gaborone, in the South-eastern part of Botswana. The study commenced in
December 2014 and ended in March 2015, During the study period, environmental temperature

averaged 31.0°C (ranged between 17.2 and 38.2°C).

3.2.2 Experimental birds and their management
Prior to the start of the experiment, sixty-four (64) Pekin ducklings and sixty-four (64) Muscovy‘
day old ducklings were bought from duck producers in Gaborone city and surrounding villages.
The ducklings were then raised in separate well-ventilated brooding unit for two weeks. Ducklings
were individually identified at 3 weeks of age using leg bands and then 8 randomly selected
Muscovy and 8 randomly selected Pekin ducks were housed in separate pens (measuring an arca
of 16m?) uccorciing to Ibl;ccd fér a total of 8 péns p.cr breed, resulting in 8 replications per breed.
Ducklings were vaccinated a_gziinst Newecastle disease and Gumboro (infectious bursal disease) at
28 and 30 days of age, respectively. Birds were raised under natural light throughout the study
pcrjo_d.

Ducklings lwere provided with chick hrojl_cr starter crumbs from dny oldto 2 wccks’of age _angl
broi’ler grower pellets from 3 to 16 wceksrof age (Table 3.1). Commercial broiler dicts were
| | plier in Gaborone. Feed and water were provided ad libitum throughout tht;,

obtained from one sup

* experimental period. The nutritional cbmposition of broiler chick starter crambs and broiler grower

pell.e.té_ 'fed' tb ducklings is shown on Table 3.1.



Table 3.1 Nutrient composition of broiler starter and grower diets fed to experimental birds.

Composition Chick starter (g/kg) Grower pellets (g/kg)
(0 -3 weeks of nge) (3 — 16 weeks of age)

Protein 200 180

Moisture 120 120

Fibre 50 60

Calcium ‘ 8 7

Fat 25 25

phosphorous 6 ' 5.5

Lysine - 12 10

3.2.3 Measurement of growth performance, feed intake and feed cfficiency
Body weight was recorded on 2 weekly basis from 3 weeks to 16 wecks of age using an electronic

balance. Daily feed intake was determined by giving pre-weighed feed allocations to each replicate
~ group in the moming and unconsumed feed was wcighed back the moming of the following day.
Daily fed intake per bird was calculated by dividing daily feed intake of the replicate group by the

number of ducklings per replicate. Feed conversion rniio_ (FCR) was calculated according to

Safatach (2006).

324 Expemnenta[ Des ign and Statistical analysis

| The expcrimcnt was setupasa completely randomized design with two expcnmcnlul treatments

(Muscovy brccd and Pekin breed) nnd cight replications per treatment. Growth data were anulyzed

| using Mixed Mode]s Procedures of SAS version 9.2. 1 (2009). The mndcl fitied included the fixed -



26

effects of breed (Muscovy and Pekin), sex (male and femaie) and the interaction between the two
fixed factors (sex x breed). Feed intake and feed cfficiency data were analyzed using Mixed
Models Procedures of SAS version 9.2.1 (2009) and the model included the fixed effects of breed
(Muscovy and Pekin). Body weight, feed intake and feed efficiency results are presented as least
squares means £ standard error. Least square means scparation was by paired t-test and differences

between means were significantly different at P < 0.05.

Statistical mode! used in the analysis of growth data:
Yk = p o+ Ti+ Spk (Ti*§)) + ek
Where: . Yik = observation variable
| | 1 = population mean
Ty = treatment (breed) effects; i = Muscovy or Pekin ducks
S)= sex effects; j = male or female |
Ti*S) = interaction of breed and sex effects

eyx= residual / random error~N (0, 6?).
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3.3 RESULTS AND DISCUSSION

Body weights of Muscovy and Pekin ducks of both sexes from week 3 weeks to 16 weeks of age
are shown in Fig 3.1. Male Pekin ducks were significantly heavier (p<0.05) than their age-matched
Muscovy counterparts from 3 weeks (770.54:£19.35 vs. 539.35+19.35g, respectively) to 6 weeks
(2478.36:£55.31 vs. 1638.84£55.31g, respectively) of age. There were no significant differences
in body weight between male Pekin and male Muscovy ducks from 7 weeks (2768.48+32.84 vs.
2730.54+32.84g, respectively) to 11 weeks (3295.58+40.11 vs. 3382.63240,11g, respectively) of
age. Male Muscovy ducks were however, significantly heavicr than Pekin males from 12 weeks
(3507.95+38.79 vs, 3311.60+38.79g, respectively) to 16 weeks (4051.56 +37.66 vs.
3192.00+37.07g, respectively) of age. Early enhanced growth performance, from 3 o 6 weeks of
age, in Pekin than Muscovy males observed in the current study is consistent with Dameziok ef al.
(2013) who also reported higher body weighls'in Pekin than Muscovy males from 3 weeks to 6
weeks of age. Tai and Rouvier (1998) also reported significantly higher body weight in Pekin than
Muscovy males (1045+92 and 915+106g, respectively) at 4 wecks of age. Similar body weights
between Muscovy and Pekin males at 10 weeks of age ore consistent with Omojola (2007) and
Galal et al. (2011). To the contrary, Tai qnd Rouvier (1998) reported signiﬁcﬁntly higher body
weight in Muscovy than Pekin males at 10 weeks ol age (3550:!:321 and 26304:232g, respectively).
Significantly higher body weight in Muscovy than Pekin males at 16 weeks of age found in this
study is however consistent with Tai and Rouvier (1998) who reported body weights of 491 84364
and 3005&254[; in Muscovy and I’ckm mulcs, rcspcclivcly Although at the end of the study
Muscovy mulcs were sngmf' cantly heavier than their Pekin counlcrparts carly. enhnnccd gmwth

performancc (i'rom 3-6 wecks of ngc) in Pekin than Muscovy males make Pckin ducks more _‘

sunable candidates for poss:blc selcctmn of broiler or meat type ducks thon Muscovy ducks
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Fig. 3.1: Sexual dimorphism in body weights of Muscovy and Pekin ducks from 3 to 16 weeks of

age

Pekin females were significantly heavier (P<0.05) than their age-matched Muscovy counterparts
at all ages from 3 weeks (710.10£19.35 vs. 363.48 £19.35g, respectively) to 16 weeks (2714.89
+37.07 vs. 1991.51£37.07g, respectively) of age (Fig 3.1). Significantly higher body weight in
Pekin than Muscovy females from 3 to 16 weeks of age is consistent with Swatland (1979) who
reported higher body weight in white Pekin than white Muscovy females from day old to 10 weeks
of age. Solomon (2006) and Damaziak ef al. (2013) also reported significantly higher body weights

in Pekin than Muscovy females from 3 weeks (650 vs. 580g, respectively) to 7 weeks (1900 vs.. |
1760g, respecrively) weeks of age. To the contrary Galal et al. (2011) and Tai and Rouvier (1998)
reported significantly higher body weight in Muscovy than Pekin females at 10 weeks

(2467+71.14 vs. 2015+71.14g, respectively) and 16 weeks (28124234 vs. 2712+23g, respectively)
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of age, respectively. Omojola (2007) also reported significantly higher body weight in Muscovy
than Pekin females (1583.30+169.69 vs. 1466.70+169.69g, respectively) at 10 weeks which might_
be caused by a decline in feed intake by Pekin ducks which normally occurs during molting. Just

~ like their male counterparts, female Pekin are therefore more suitable candidates for utilization as

broiler-type duck than Muscovy females.

The main effects of breed of duck (combined weights of both males and femoles of cach brocd) on
body weight and average daily gain st different ages are shown in table 3.2, There was no
signi.ﬁcant difference in the day-old weight of Pekin and Muscovy ducklings which weighed 47.25
and 47.34g, respectively. Significantly higher body weight (P <0.05) was observed in Pekin ducks
than locir age-matched Muscovy counterparts from 3 weeks (740.32£19.35 vs. 451.42+19.3g,
respectively) to 13 weeks (3012.45237.57 vs. 2813.71£37.57g, respectively) of nge, Thcro was no
significant difference in body weight bctwccn. Pekin and Muscovy ducks from 14 (2991.15+36.55
vs. 2918.11£36.55g, respectivcly) to 16 weeks (29:53.45*37.07 V5. 3021.545:37.07g, rospcctivcly)
of age. Significantly higher body weight in Pckio than Muscovy ducks at 3 to 13 weeks of ages is
consistent with St Eczny et al. (iOlSj who reported significantly higher body wcigh} io Pekinthan
Muocovy ducks from 3 wecks (124]:3:4.8 Vs, 781:-*4.1 g, respectively) 108 wecks (3401&1_5.5 vs.
324&98 5g, respcctwcly) of age. Bhuzynn etal (2005) also reported hlgher body welght in Pekm
lhun Muscovy from 1 wcck (152 vs. 106g, respectively) to nine wecks of ugc (1763 vS. 12‘75g, _

rcspccuvcly) Contrary to the currcnt fi ndmgs, Rnshld et aI (2009) rcporlcd no sngmt‘ cant "
differences in body weights between Pckm nnd Muscovy ducks from l wcck to 6 wccks of age

and slgn:f'Cﬂﬂ“Y hu,her body weight in Muscovy than Pekin ducks from 6 (790 Vs. 700g, -
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respectively) to 10 (1280 vs. 1100g, respectively) weeks of age. Galal ef al. (2011) also reported

significantly higher live weight in Muscovy than Pekin ducks (3007 vs. 2321g) at 10 weceks of age.

Average daily gains differed significantly between Muscovy and Pekin ducks at all ages from 4
(33.09+0.08 vs. 66.52+0.08g, respectively) to 16 (8.11£0.01 vs. -2.96:20.01g, respectively) weeks
of age except at 10 weeks of age where Muscovy and Pekin ducks had similar average daily gains
(12.19£0.09 vs. 12.4420.09g) (Table 3.2). Pekin ducks had significantly higher average daily gain
than Muscovy ducks up to 5 weeks (10006091 vs. 56.3320.91g at 5 weeks of age, respectively)
of age. Pekin ducks hpd earlier enhanced average daily gains than Muscovy ducks with maximum
average daily gain 6ccun‘ing at 5 wecks of age in Pekjn and at 7 weeks of age in Muscovy ducks,
Early enhanced a&emge daily gains in Pekin than Muscon ducks is consislént with Wielderhold
and Pingel (1997) who also foun-d that Pekin ducks have maximum growth rate earlier than
Muscovy ducks. There was no significant difference in average daily gain between Muscovy and
Pekin ducks at 10 weeks ofage (12.19 vs. 12.44 g/duck/day, respectively) but thereafier Muscovy
ducks had significantly higher average daily gains than their Pekin countcrp;irls" up to 16 weeks of
age. In fnét, Pekin ducks had negative average daily gains from 13 to 16 weeks of age while
Muscovy ducks had positive average daily gains throughout the study period. Negative avcrngc
daily gmns in Pckms ducks from 13to 16 wccks of ugc is consxslcnt with Hushlmoto and Suglmum
(1976) ‘who rcporlcd Iowcr body weight at 13 wecks (2066.0+£366. Og) and 17 weeks
(2150.0£273, Og) wccks of age thun nt ll weeks of age (2300 0£291.2g) of age. Accordmg to
i Woynnmwch (1982), Pekm ducks grow fnst and rcuch mnrkct weight wnthm 50- 56 dnys of age
and lhcrcaﬂer first molting occurs and growth pmcucnlly stops resulting in loss of body \vclght |

and negative average .
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Table 3.2: Main effects of breeds on body weights of ducks at various ages raised under an
intensive management system,

Agein Average body weight (g) Average daily gain (g/bird/day)

viesks Muscovy Pekin Muscovy Pekin

3 451.42°£19.35  740.32%:19.35 - -

4 683.07b:31.48  1205.09%31.48 33.09°:0.08 66.52:0.08

5 1077.40°%:34.16  1906.42%34.16  56.33°0.91 100.06° 091
6 1472.625455.3] 22723345531 56462001 52,27 20,01
7 2128.825:32.84 2567.44%32.84 93.74"£1.84 42.16°+1.84

8 2313.83"-_*:37.()9 2722.72°437.09 26.44";0.25 lzz.lsb-xoz:‘s
9 2470.35‘95_7.76 2903.67%37.70. 22.35520.05 25.85" £0.05
10 - 2555.74%+41.40  2990.47%+41.40  12.19£0.09 112.,4420,09

i 2615.49°:40.11 3041.09%40.11  8.54"£0.02 7.23°£0,02

12 2694.96"°+38.79 -3053.54&38.79 11.35°£0.01 1,782 0,01

13 2813.71°%£37.57 3012.45%37.57 1696 20.02 -5.875+0.02
14 2918.11£36.55 29911583655  14.91°£001 30452001
15 - 2964.80£37.09 29743063709 6.67%£0.40 24252040
16 20534543707 81192001 2.96% %001

3021.54£37.07

daily gains. Several studies reported weight loss during molting in various bird species and o

attributed the wéight loss to the utilization of stored lipids during molting, hence the weight lo's'é |
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(Hanson and Jones, 1976; Owen and Ogilvie, 1981; Geldenhuys, 1983).The average daily gains
of both Muscovy and Pekin ducks throughout the study period support Tai and Rouvier (1998)
who found that the direct genetic effects for growth from autosomal and sex-linked pgenes were in
favor of Pekin at 4 weeks of age (early in life) and in favor of the Muscovy from 10 to 40 weeks

of age (late in life).

Feed intake of Pekin ducks was significantly higher than that of Muscovy ducks from 3 weeks
(436.63+7.37 vs. 298.54+7.37g, respectively) to 13 weeks (473.22+1,77 vs. 467.56x1.77g,
respcctivcly) of age (table 3.3). Thereafier there was no significant difference in feed intake
between Pekm and Muscovy ducks up to 16 weeks (472.39+2.04 vs. 478.1442, 04) of age.
Slgmt" canlly hlgher feed intake in Pekin than Muscovy ducks up to 13 weeks of age is consistent
with maynn et al, (2005) who also rcportcd signxﬁcnnlly higher feed consumption in Pekin than
Muscovy ducks at all ages from 1 week (313.12 vs, 244.8 g/duckling/weck) to 9 wecl‘cs‘ of age
(4409 vs. 3608 g/duckling/day). Rashid et al. (2009) reported almost similar feed consumption
between Muscovy and Pekin ducks but comparatively higher feed consumption in Pekin than
Muscovy ducks at all ages up to 10 weeks of age. Feed intnke of Pekin ducks remained relatively -
cons;tant from 13 weeks (473.221.77) to 16 (472.39+2.04) weeks of age and were lower than the
feed intﬁkc at 12 (660.80+3.42) weeks of age which might be nttriEﬁled to a decline in feed intake
which nlomlally occurs at moliing. Hartman ( 1985‘)‘rcp0rted n.rcduction in feed iﬁtukc in ducks

dﬁring molting compared to pre-molting period.

Feed Convcrsibﬁ ratio differed significantly between Muscovy ond Pekin ducks at all ages ﬁbm 4
to 16 weeks of age (Table 3,3).. Pekin ducks had significantly better feed conversion efficiency
than their age-matched Muscovy counterparts up to 5 weeks of nge (7.2420.10 v, 9.230.10 at 5

weeks 'of age, respectively), Thereafter Muscovy ducks had signiﬁcahtly better feed céntersio‘n
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efficiency than their Pekin counterparts from 6 weeks (10.380.03 vs. 16.46+0.03) to 16 weeks
(58.96+0.92 vs. -159.5920.92) of age. Pekin ducks had negative feed conversion cfficiency from
13 (-80.62+0.39) to 16 ( -159.59+£0.92) weeks of age. The n-egative feed conversion efficiency
during that period is attributable o the continued feed consumption and weight losses during the
same period because of molting. Higher feed conversion efficiency in Muscovy than Pekin ducks
from 6 to 16 weeks of age found in the current study is consistent with Rashid et al. (2009) who
also found significantly higher feed conversion efficiency in Muscovy than Pekin ducks from 5
weeks (2.5 vs. 3.0, respectively) to 10 weeks (3.2 vs. 3.6, respectively). Galal er al. (2011) also
reported significantly higher feed conversion efficiency in Muscovy than Pekin ducks at 10 weeks
(2.37 and 2.48, respectively). Conﬁmy to the current findings Bhuiyan e/ al. (2005) reported
significantly higher feed conversion efficiency in Pekin than Muscovy ducks at all ages from 1

week 10 9 weeks of age.
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Table 3.3: Main effects of breeds on average daily feed intake (g/day/bird) and feed conversion

ratio at different ages

AGEIN _FEEDINTAKE p/day/bird FEED CONVERSION RATIO
WEEKS.  Muscovy . Pekin Muscovy Pekin

3 208.54%%7.37 436.63°+737 - -

4 454,8254:5.92 501.14*£592  13.74%008  8.89%: 0,08

5 519.85%£5.03 72504°2503  923°£0.10  7.24°£0.10

6 586.23%2.41 860.12°22.41  1038°£0.03  16.46°=0.03
7 655.620:4.40 [001.23%24.40 699028  23.75°+0.28

8 719.35%:2.84 968.23°+2.84  27.21°+032  43.65°+0.32

9 651.57°+3.62 876.63°23.62  29.15£0.17  33.91°0.17
10 669.49%42.36 80037°2236  54.92°+055  64.34°+0.55

1 526.85%+3.03 637.82°43.03  61.54*+£085 88220212
12 495.32°43.42 660.80° 4342  43.64°£212  371.24'%0.28
13 467.56%1.77 4733204177 2757°+028  -80.62% 039
14 473.02£1.67 47251167 3173039 -155.43':26
15 473112171 AT231£171 7092642609  -195.17°226.1
16 478.142.04 472.3942.04  58.96°:092  -159.50% 0,92

Means with different superseripts between breeds at a particular age were significantly different at (P<0.005)

3.4 CONCLUSIONS -

-Pekin duck females had superior growth performance at all ages compared to Muééovy duck

females.

-Muscovy males had higher body weights than pckin males from 8 weeks to 16 weeks of age.

- Pekin ducks had higher feed consumption as compared to Muscovy ducks

-Muscovy ducks had relatively better feed conversion efficiency than Pekin ducks |
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CHAPTER4

ASSESSMENT OF GENETIC DIVERSITY OF MUSCOVY DUCK POPULATION IN
BOTSWANA USING MICROSATELLITE MARKERS

Abstract

The purpose of the study was to evaluate the genetic diversity of Muscovy (Cairina moschata
domestica) ducks around Gaborone city and surrounding villages using a panel of 13 chicken
microsatellite markers. Tventyfive blood samples of Muscovy ducks from distinct locations in and
around Gaborone were obtained and genotyped using a pat:el of FAQ recommended chicken
microsatellite markers. Eight out of a total of thirteen markers amplified successfully and were
used for the assessment of genctic diversity in Muscovy. Observed and effective number of alleles
ranged benween 5 and 12 and between 2.495 and 5.189, respectively. The mean observed and
effective numbers of alleles in Muscovy were 8.25 and 3.66, respectively. The observed
heterozygosity rangéd between 0.435 and 0.913 with mean observed leterozygosity of 0.733%
0.164, while the expec.‘ed heterozygosity ranged between 0.613 and 0.825 with mean expected
heterozygosity of 0.725+0.078. The mean observed and mean expected number of alleles per
marker all translated to high levels of, genenc diversity in Muscovy. All the eight loci smdwd were
in Hardy-Weinberg equilibrium indicating high genetic stability in Muscovy. The inbreeding
coefficient of the Muscovy population was -0.136 indicating an excess of heterozygotes in the
popularian and thereﬁ)rc, neghg:b!e levels of inbreeding in the Muscm vy populanon H:gh levels
of genetic dwcrs;ty exist within the Muscovy papulanan in Botswana as indicated by Iugh allelic
 diversity and high average expected heterozygosity. The Muscovy populauons is outbred and
therejbre, passess suffi cient genetic variation Jor genetic improvement and to w:th.rmnd

anticipated environmental changes resulting from global warming and climate change.

Key words: Botswana, Chicken Microsatellite, Genetic Diversity, Muscovy ducks
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4.1 INTRODUCTION

Indigenous animal genetic resources play a pivotal role in the livelihoods of the majority of the
rural populace through the provision of food and income and are mostly kept under the low input
low output free mnging management systems (FAO, 1998). Notable attributes of indigenous
animal genetic resources include disease resistance, high fertility, parasite and heat tolerance and
ability to utilize low quality feeds and this lead to increase in food supply and security ( Yakubu,
2013). Poultry genetic resources in general arc considered to be the most endangered and under-
conserved and strategic approaches to conservation at the national level need to be developed and
implemented (Hoffmann, 2009). Indigenous poultry have innate potqntinl to produce eggs and
meat ot considerable quantity with lesser input and they are a good dictary source of p@lcin and
thcrcfore, serve as a means of providing nddltlonnl income to the gencrally rcsource-poor small

7 holder farmers (Gueye, 2004 and Vecramani, 014)

Animal gcnctlié résources (AnGRs) in‘dcv.clopi._ng counlﬁc;_ in géncm!, ulrc being eroded through
indiscﬁminatc introduction of exotic genetic resources before proper characterization, utilization
and conservation of indigenous genetic resources (Yakubu ér al.,2011). ljucks in Africa have been
morphblogically characterized (Teguia ef al., 2008) using both univariate and. muitivariate
dlscnmmnnt analysis. However, the accuracy of phenotypic characlcrizntioh of domcstic’ animals
is often affected by the influence of the environment and the underlymg genetic complexity
(Yakubu ef al., 201 1), _ _ .
‘The Muscovy duck has lfaditionully been kept by small-scale fgrmcrs_ in different parts. of
Botswana and is well- nduptcd to thc low mput-low output production eﬁvironmcnl of‘ resource-

poor fnrmcrs. qucvcr, in recent pnsl the counlry has seen an influx of the fust—gmwmg und;
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highly productive Pekin ducks from China which lhrcnlcﬁ the genetic diversity of the Muscovy
through indiscriminate crossbreeding. The objective of this study was therefore to assess the
genetic diversity of the Muscovy duck population in Botswana and to provide baselinc data for
future monitoring of genetic diversity trends and to inform future conservation and management

decisions.

4.2 MATERIALS AND METHODS

4.2.1 Blood sample collection

Blood samples were collected from the brachial vein of 25 unrelated Muscovy ducks using
vacutainer tubes containing ethylenediaminctetrancetic acid (EDTA). Blood samples were
collected from individual Muscovy ducks in Gaborone (n=4) and surrounding villeges [Odi (n=3),
Modipane (n=3), Kumakwane (n=3), Mogobane (n=3), annnc (n=3), Kopong (n=3) Mmopane
(n=3)]. Immcdmtc!y after collcchon blood snmplcs were storcd under ice in 1he ficld und lutcr

tmnsferrcd to a freczer mnmtumcd -20°C untll DNA cxtmcuon
4.2.2 DNA extraction

Total genomic DNA was extracted from blood samples using Zymo quick . gDNA Mini Pfep kit
(Zymo Rescarch Corporation, CA, U.S.A.) following the manufacturer’s protocol with some
- minor modifications. 5l of whole blood was tmnsfcrrcd into 1.5ml mtcroccnmfugc tube and 200ul
of digestion buffer und 20 proteinase K were added to wholc blood and mixed by vortexing for
5-15 seconds. 200ul of cell ]y515 buffer was then ndded and mixed by vortexing for 5- ]5 seconds..
The samplcs were then incubated at 50°C for 10 minutes. After mcubutwn, 200p1 of cold 100% _

cthanol was addcd (o cach samplc und mixed by vortexing for 5-15 scconds bei‘orc bemg 3
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transferred to 2 Zymo-spin™ column placed in a collection tube. Zymo-spin™ column was then

centrifuged at 8 000 x g for one minute and the collection tube with the flow through was discarded.

The Zymo-spin™ was then transferred to a new collection tube and 400 pl of DNA Pre-wash
buffer was added to the spin column and centrifuged at 8 000 x gravity for one minute and the
collection tube with the flow through was discarded. 500 pl of g-DNA wash buffer was added to
lﬁe spi.n column and centrifuged at 14 000 x g for three minutes. The spin column was then
transferred to 2 clean micro centrifuge tube and 200 pl of DNA Elution buffer was added to the
spin column and incubated for Sminutes at room tcfnpcmturc before being centrifuged at 8000x g
for 1 minute to elute the DNA. The extracted gDNA was later used for polymerase chain reaction

and DNA typing.
4.2.3 Primers and Polymerase Chain Reaction (PCR)

A panel of 8 FAO recommended chicken primers pairs were used for selective amplification of 8
microsatellite markers in Muscovy ducks. “Thc microsatellite markers, their chromosomal

positions, size range and primers used for their amplification are shown in Table 4.1



Table 4.1: Microsatellite marker information and primers used for amplification of the
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Markers
Name Chromosome  Primer slcquence (53'-=>3" Annealing Allele range
Forward temperature (°C)  (bp)
Reverse
ADL0O268 1 CTCCACCCCTCTCAGAACTA 60 102-116
CAACTTCCCATCTACCTACT
MCW0081 5 GTTGCTGAGAGCCTGGTGCAG 60 [12-135
CCTGTATGTGGAATTACTTCTC
~MCWO0l165 23 CAGACATGCATGCCCAGATGA 60 114-118
: GATCCAGTCCTGCAGGCTGC
MCW0248 1 GTTGTTCAAAAGAAGATGCATG 60 205-225
TTGCATTAACTGGGCACTTIC
MCWOIll | GCTCCATGTGAAGTGGTTTA 60 96-120
ATGTCCACTTGTCAATGATG
MCWO0216 13 GGGTTTTACAGGATGGGACG 60 139-149
T "AGTTTCACTCCCAGGGCTCG '
LEI0234 2 ATGCATCAGATTGGTATTCAA 60 - 216-364
_ CGTGGCTGTGAACAAATATG
MCW0103 3 AACTGCGTTGAGAGTGAATGC 266-270
: TTTCCTAACTGGATGCTTCTG
MCW020 1 TCTTCTTT GACATGAATTGGCA 60 179-188
GCAAGGAAGATTTTGTACAAAATC
LEIC094 4 GATCTCACCAGTATGAGCTGC 60 - 247-287
: TCTCACACTGTAACACAGTGC : :
MCWO0284 4 - GCCTTAGGAAAAACTCCTAAGG 60 . 235243
CAGAGCTGGATTGGTGTCAAG
MCWO0078 5 CCACACGGAGAGGAGAAGGTCT 60 135-147
' - TAGCATATGAGTGTACTGAGCTTC = - '
ADLOIIZ 10 GGCTTAAGCTGACCCATTAT 58 120134
ATCT CAAATGTAATGCGTGC .

Source: lSAQ -FAQ m:nmmcndexl microsatellite matkera (2011)

Selectwe amplifi cauon of different - mlcmsmclhtcs was aclucvcd through polymcrusc chmn

reaction (PCR) usm;, thcrmocyclcr GcncAmp PCR System 9700 (Apphcd Bmsystems I‘ orestcr .
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City CA, USA) and PCR reagents synthesized by Fermentas Life Sciences (Opelstrasse,
Germany). All loci were amplified individually in a 20 pl reaction volume comprising 2pl of 10x
PCR buffer, 2ul of 25mmol MgCl2, 0.8ul of 10 pmol/ul cach primer and 90 ng of Muscovy duck
genqmic DNA. The PCR cycling conditions for selective amplification of the microsatellite

markers were according to Mukesh et al. (2011).
4.2.4 Microsatellite Genotyping

The rgsulting microsatellite marker amplicons were diluted by mixilng.lul of PCR product with
éul huc]casc free water. The diluted PCR product was then mixed with 8.7ul hide formamide and
0.3ul genescan LIZ-500. The resulting mixture was denatured by heating in a thermal cycler ui
§5°C for 5miﬁutcs followed. by immédiatc storage under ice. 'I'hb PCR products wére then
separated using capillary electrophoresis ABI Prism 310 Genetic Analyzer (Applied Biosystems,
Foster city, CA, USA). Data on fragment size were analysed automatically using Genescan
Analysis Software v.3_..l which provided information on allele size using genescan Liz-500 as the

internal size standard and Genotyper 2.5 identified different alleles for cach marker.
4.2.5 Data analysis for polymorphic microsatellite markers

The observed number of allcles (Na), cffective populul_ion. size (Ne), obséwcd (Ho) and expected
heterozygosity (He) cstimates and Inbrct;dirig cocfTicient (Fis) wcﬁ: computed after Nei (1 9735, as
executed in POPGENE Software (Yeh ef af., 1999). The polymorphic information content (PIC)
of e;ach' marker was calculated with Cervus (vcr 3.0) computer programme (Kalinowski ef dl_., .,

2007). The -c‘xpcclcd number 6[‘ gcnolypés was compared with the observed genotypes in a chi- E
‘square test for goodncss of fit to assess whether ecach marker wus. in Hardy-Wcinbcrg;:quilibrium ,

 using POPGEN 3,
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4.3 RESULTS AND DISCUSSION
{.3.1 Observed and Effective number of alleles

A total of 66 alleles were observed across all the 8 loci in Muscovy ducks (Table 4, 2), All the
eight microsatellite markers were polymorphic and the number of abserved alleles per marker
ranged between 5 (MCWO0!03) and 12 (LEI0234), with overall mean observed number of alleles
per locus of 8.250. The mean observed number of alleles per locus of 8.250 found in Muscovy
duck population of Botswana indicates high allelic diversity probably due to lack of artificial
sclection by farmers and avoidance of inbreeding. All the markers used in the study are also
suitable for genetic diversity studies as a minimum of four alleles per marker are recommended
for gffectivé screening of genetic differences within and between as suggested by Pandey et al.

(2006).
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Table 4.2 Observed and effective number of alleles per marker in Muscovy ducks

Marker Alleles (bp) : Na Ne
MCW0248 97,100,111,113,115,117 6 2,899
MCW0081 108,110,112, 116,120,124,126,128,130,134,136 11 4,766
LEI0234 104,128,209,220,240,246,248,260,360,364,378,380 12 5.189
MCWo111 120,125,128,130,135,140,146,149 | 8 2.874
ADL02'4lS 210,236,238,240,242, 244 6 2.939

| MC\VOI 03 240,261 ,265,27 1,273 5 2,495
MCWO0165 110,112,114,116,118,120,130,132 8 4.133
MCW0216 128,132,134,135,138,140,143,!44;146,154 10 3..977

Mean- _ | 8.250+2.550 3.659+0.997

Na=observed number of alleles Ne=¢ffective number of alleles

Thc mnéc of obscrvcd alleles per marker and mean number of n!lélcs per mnrkr.;r observed in this
study are comparable to a range of 5to 13 ullcles per marker and mean number of nllclcs per
' murker of 8 428 found in Chinese nntlvc ducks (L1 et al., 2006) Thc mean obscrvcd number o!'
nllelcs per mnrkcr found in tlus sludy is also s:m:]ur to the mean obscrvcd numbcr of nlleles per '
markcr of 8.33 rcportcd by Wu el al, (2009) in Bcumg ducks Hui- I’ang, ct aI (2010) reported o

sllghtly lower mngc of3to 10 observed numbcr of allclcs per marker and mean observed numberl ‘
of alleles per marker of 6.1 in indigenous Chinesc cgg—typc ducks, The mean number of observed )
alleles i)er mﬁrkér found in lhé current study is higher than the mean obscﬁ'cd number of; alleles
' ‘pc‘r marker of 6,167, 3. 1 and 2.44 reported in Indonesian local ducks, Chinese ducks and Muscuvy _

ducks, respectively (!smogownu and Purwantini, 2010; Ll et al.; 2006; Ahmndt et al., 2007); 'I'he.

mean observed number of alleles per marker fourid in this study i is however lower thun 10 058 o
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12.2, 9.38, 11.29 found in indigenous Indian ducks, Chinese indigenous laying type ducks, South
and East Asian ducks and Coastal ducks, respectively (Mukesh ef al., 2011; Su and Chen, 2009;

Seo et al., 2016; Gaur et al., 2016).

Thé effective number of alleles per marker for all the eight markers were smaller than the observed
number of alleles and ranged between 2.537 (MCW0103) and 4.766 (MCWO0081) with mean
effective number of alleles per marker of 3.659. The mean effective number of alleles per marker
obsérvcd in this study‘is similur.to 3.37 and 4.26 reported in Chinese Iuying cgg type and land a?nd
Coastal ducks, respectively (Hui Fang et al,, 2010; Gaur ef al., 2016). The mean effective number
,Of alleles per rﬁurkcr of M.uscovy ducks found in this studj is lower than the mean effective number
df ﬁlleles per marker of 4.67, 4.8 and 5.141 réponcd in indigenous Indiﬁn ducks, Chinese native
duck breeds and C'hin‘csre egg lhying type duéks, respectively (Mukesh et al,, 2011; Li cr-al.,' 2006;
Hui F‘ang et al., 2010) respectively. The mean effective number of alleles per ﬁmrkcr found in the
currént sludy is ﬁbwcycr higlicr than the ménn effective number of nlleles per murkef of 1.7 fm'd
2.03 found in I"ekin duéks and Chinese indigenous laying typc ducks, respectively (Khan Ahmudi,
2007; Su and Chen, 2009). The fe!ative]y higher numﬁcr 6[‘ ﬁllclcs in our local Muﬁcovy ducks as
compared to Pekin and Chinese indfgcnou's lnying type ducks might indicate that the effects of

isolation, inbreeding and sclection have been mild on the local Muscovy duck,

4. 3 2 Orher Mcasurcs af Genctlc Dwersity

The cbservcd nnd cxpcctcd hctcrozygosny, polymorphlsm mformuhon contcnt and mbrcedmg _
coefli c1cnts arc shown i in Tuble 4 3. Thc obscrvcd hctcrozyg,osnty ol‘ Muscovy ducks mnged ,

| bctwcen 0 435 (ADL0268) and 0 913 (MCWOZ!G) with avernge obscrvcd hclcrozygosny over all

| loc1 o[‘ 0. 7333:0 164 Thc nvcragc obscrvcd hclcrnzygosny in Muscovy ducks (0 733:L~0 164) is =

| compnrablc to tllc uvcrage obscrvcd hctcrozygosuy of‘ 0 693 f'ound in Chmese mdu,cnous lnymg 7
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type ducks using a panel of 17 microsatellite markers (Su and Chen, 2009). Lower average
observed heterozygosity values of 0.44, 0.492, 0.496 and 0.514 were reported in Muscovy ducks,
South and East Asian ducks, Chinese indigenous ducks and Beijing ducks, respectively (Khan
Ahmadi, 2007; Seo er al,, 2016; Liu et al., 2008; Wu ef al, 2009). The average observed
heterozygosity of Muscovy ducks in Botswana ‘is however lower than average obscrvcd
heterozygosity of 0.862 found in indigenous egg type duck breeds assessed using a panel of 29
microsatellite markers (Hui-Fang er al., 2010). The expected heterozygosity was lower than the
observed heterozygosity indicating excess heterozygotes in the population and ranged between
0.613 (MCW(}IOS) and 0.808 (MCWQ081) with mean expected heterozygosity across all eight
loci of 0.72540.078. For markers to be useful in measuring genctic vnﬁntion they should have
average heterozygosity between 0.3 and 0.8 (Takezaki et az.. 1996). Thcrcl"ore, all markers used
in this study were appropriate for measuring genetic diversity in Muscovy ducks. Expected
heterozygosity is considered a mare accurate measure of genetic diversity in a population than
observed heterozygosity (Nei and Kumar, 2000) and the mean expected heterozygosity of

0.725+0.078 translates to high levels of gene!ic diversity in Muscovy ducks of Botswana,

The mean expected hctcrozyg,osnty of Muscovy ducks is comparnblc with mean cxpccted |
hctcrozygosuy 0f0.72, 0.68 and 0 782 found in md1genous Indlan ducks Land und Coastu] ducks
and six dlf!'crcnt duck populutlons, rcspcchvely (Mukesh et al 201 1; Gnur et aI 2016 Wu etal.,
‘2008) Lowcr mcan cxpeclcd hclemzygosnly of 0.606 and 0. 644 were found in Chmesc mdlgenous
ducks and local lndnncsmn ducks, rcspccuvcly(l_.tu et al 2008 lsmogownu nnd Purwntlm, 2010) -
‘Morc obscrved hctcrozygolcs in Muscovy duck populuuon than cxpcctcd is conmstcnt w1th ,
Ahmudl et al (2007) nnd IIua- I' nng et al (2010), but contrury to scvcml sludlcs that repurt a.

defi c:ency of hclerozygoles in duck populullons (Seo et al,. 2016; Su and Chcng, 2009; Wu etal,
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2009; Gaur et al., 2016) resulting from selective breeding and inbreeding. High mean observed
and mean expected heterozygosity in the local Muscovy duck population might be duc to
avoidance of inbreeding by farmers (exchange of breeding males among farmers) and lack of any

selection program aimed at improving traits of economic importance in the local Muscovy ducks.

Table 4.3: Othér measures of genetic diversity in Muscovy ducks

Locus H, He. PIC . HWE pvae Fis
MCW0248 0.700 0.672 0.655 0.000016  -0.069
MCWO0103 0.870 0.619  0.606 - 0.134 -0.435
MCWO0165 0.870 0.775 0.758 0.958 -0.147
ADL0268 0.435 0.674 0.660 ~ 0.000 0.3410
MCWO0081 0.696 0.808 0.790 0.367 0.120
‘LEI0234 ~ 0.583 - 0.825 0.807 0.00073 0.227
MCwol11  0.800 0.665 0.652 0.223 - -0.223
MCWO0216 0.913 0.765 0.749 0.022 -0.220

Mean 0.733+0.164 0.725+0.077 0.710+0750 -0.136

The polymt;rpﬁic information content (PIC) is nholhcr index that measures gcnclic variation as
well as the informativeness or usefulncss af a marker in populuuon studies nnd PIC valucs range
from 0 (no genetic vanuuon and less usefulncss of a marker) to 1 (more variation nnd more
usefulncss of a marker). Polymorphlc mf'ormatmn content vnlucs of the clght mnrkers used in the
current study mngcd bcthen 0.606 (MCW0103) and 0 807 (LE10234) w:th avernge PIC vnlue |
across nll loc1 of’ 0710i0 0750 (Tnblc 4.3), Thc high avcrngc PIC valuc across. nll locl o[‘
0. 710i0 0750 is somchow linked to thc high allchc d:vcrsuy of the mdlwdual mnrkcrs n.sultmg
from nvmduncc.of inbreeding and lack of. nny selection program in !oqn] Muscovy ducks.
According to- Botstein et al, (1980) markers with PiC vulucs' greater than 0.5 sre highly
..mf'onnutwc, those with PIC values bclwccn 0.25 and 0 5 are modcmtcly ml'ormntwc and those |

wuh P]C valucs less lhun 0.25 are umnformnlwe The mbrccdmg cocﬂ‘ cient per locus (Fi.) mnged
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between -0.435 (MCW0103) and 0.341 (ADL0268) with a multi-locus inbreeding coefficicent of -
0.136, which is lower than zero and indicating cxcess heterozygotes in the Muscovy duck
population of Botswana (Table 4.3). All the markers with the exception of ADL0268 contributed
to the negative inbreeding coefficient of the Muscovy duck. Only ADL0268 marker exhibited
significant deficit of hetcrozygotes probably duce to genetic drift or linkage disequilibrium of the
marker with loci under either natural or artificial selection (Tbeagha-Awemu and Erhardt, 2005).
Negative population-wise inbreeding coefficient might be due to avoidance of mating among
closely related animals (Hui-Fang ef al., 2010) which resulted in significant excess of
heterozygotes in the Muscovy duck population. Hui-Fang et al. (2010) also reported overall
negative inbreeding coefficient in ten Chinese egg-type duck breeds. Scveral studies involving
different breeds/types of ducks however reported pc;sitivc population-wise inbreeding coeflicients

(Mukesh et al., 20.1 1; Gaur et al., 2016; Wu et al., 2008; Wu et al., 2009).

All the 8 microsatellite markers used in the current study were tested for Hardy-Weinberg
Equilibrium and four of the markers (MCwo111, MCWQ081, MCWO0165, MCW0103) wcfe in
Hardy-Weinberg equilibrium while the other four (MCW248, ADLOZGB, LE10234, MCW0216)
deviated significantly from I-Iurdy;Wcinbcrg equilibrium (table 4.3). Significant departures of the
four markers from Hardy-Weinberg equilibrium could be due to random genetic drift, populuﬁon
stratification or existence of subpopulations within the larger population and noﬁ-random mating
with respect fo the four markers resulting from. linkage discquilibrium with some -loci undergoing

natural selection.

4.4 CONCLUSION

Hi’gh- levels of genetic diversity exist within the Muscovy duck population in Botswana as

indicated by high allelic diversity and high average expected heterozygosity. - The Muscovy -
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population is also non-inbred and therefore possess sufficient genetic variation to withstand

anticipated environmental changes resulting from global warming and climate change and to

respond to selective breeding.
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CHAPTERSS.
GENERAL DISCUSSION, CONCLUSIONS, RECOMMENDATIONS AND REFERENCES.
5.1. GENERAL DISCUSSION
The purpose of this study was to evaluate growth performance, feed intake and feed conversion
ratio of ‘Muscovy and Pekin ducks raised under an intensive management system in Botswana and
1o assess the genetic diversity of the local Muscovy duck population in Botswana to set baseline

datn and to inform conservation decisions.

Generally, both Pekin and Muscovy males were significantly heavier (P<0.05) than their age-
matched female counterparts from 5 to 16 weeks of age. Significantly higher body weights in male
than female Muscovy ducks from 5 weeks 1o 16 weceks of age is consistent with several studies -
(Teguia ef al., 2008; Kleczee et al., 2007; and Bﬁczu ef al., 2001) which reported significantly
higher body weight in male than female Muscovy from 4 to 15 weceks of age. This is also consistent
with Klein-Hessing (2007) who reported significantly higher body wci_ght in Pekin males than
females from 6 weeks to 16 weeks of age. The Muscovy had greater sexual ”c-limmphism in body
welght between mnlcs and females in compnnson to the Pekin und this is consistent with scveml
studies that reported similar fi ndmgs (Bochno et al 1994 Sauveur, 1990; Wlscmnn 1987) Pckm
fcmalcs were sngml' cnntly heavier (P<0 05) than lhc:r age-matchcd Muscovy countcrpnrts ut nll
npes from 3to 16 weeks of age and thls is conmstent wuh Swatland (1979) who rcportcd hlghcr
body wclght in n white Pckm thun white Muscovy fcmulcs from day old to 10 wecks of age Pekm
males were s:gml‘ cantly henwcr (p<0.05) than thc;r ngc -maiched Muscovy counlcrpurts i‘rom 3
' weeks lo 6 wccks of age w}u!c male Muscovy ducks wcrc sm,mficantly hcawcr thnn Pekm malcs
from 12 to 16 wccks of‘ age, Enrly cnhanccd growlh pcri‘onnnncc (mgml‘ cantly hlgher body

weights from 3 to 6 y_vceks of ngc) in l_’;:kln males lhqn Muscovy males _l'qund in the current study
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[}

is consistent with Damaziak ef al. (2013) who also reported higher body weights in Pckin than
Muscovy males from 3 weeks to 6 wecks of age. Significantly higher body weight in Muscovy
than Pekin males at 16 weeks of age found in this study is also consistent with Tai and Rouvier

(1998).

Generally, Pekin ducks (Combined males and females) had significantly higher body weigﬁt (P<
0.05) than their age matched Muscovy counterparts from 3 weeks to 16 wecks of age. Signiﬁcnnlly
higher body weight in Pckin ducks than Muscovy ducks at all ages from 1 to 16 weeks of ugé
I"pund in the current study is consistent with several studies (Eczny et al., 2015; Bhuiyan ef al.,
2005). Pekin ducks had significantly higher avernge daily gain than Muscovy ducks up to 5 weeks
of age. Pekin ducks had earlier enhanced average daily gains relative to Muscovy ducks with
maximum average daily gain occurring at 5 wecks of age in Pckin and at 7 weeks of age in
Muscovy ducks. Early enhanced average daily gains in Pekin than Muscovy ducks is consistent
w.ith Wielderhold ef al. (1997) who also found that Pekin ducks have maximum growth rate earlier

than Muscovy ducks.:

Higher bbdy weights in Pekin than Musébvy ducks were however also [nci:orhpanit;d by
éigniﬁcéldtly higher feed intake in Pekin than 'Mus‘covy:ducks ['rom 3 weeks to 13 wecks of i;ge.;
Significantly higiu:r feed intake in Pekin than Mus-covf ducks 'u;‘)'t't') 13 weeks of age is cons:islch::n‘
' With'Bhuiynri et al. (2005) who also reported sigﬁiﬁcuntly hig-l']c} feed cbnsﬁmﬁiion in Pckm thain
Muscovy ducks at all ngcs from | week to 9 weeks of i age. Pekin ducks also hnd sngm(' cantly belter
| feed conversion cﬂ' tciency than their ngc mulchcd Muscovg; countcrpurts up ta5 wccks ol‘ ugc nnd E
thcrcaftcr Muscovy ducks hnd su_,mf cnntly bcucr fed convcrsmn effi clcncy than their Pekm

' countclparts up 10 16 weeks of age. nghcr fccd conversion cﬂ' cncncy in Muscovy than Pckm '

- ducks'from 6 to 16 wceks ol‘ age found in the current study is consnstcnl with Rnslud et al (20,09); ,
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who also found significantly higher feed conversion efficiency in Muscovy than Pekin ducks from
5 to 10 weeks of age. Early enhanced growth performance of both Pekin males and females and
their superior feed conversion efficiency up to 5 weceks of age relative to their Muscovy
counterparts therefore make them more suitable candidates for selection of meat type ducks. Pekin
ducks should however be slaughtered at a much younger age in order to benefit from their superior
growth performance and feed conversion efficiency and minimize on feeding costs. Keeping Pekin
ducks beyond 12 weeks of age will result in unnccessary feeding costs that do not translate to any

weight gains.

In the second study, 8 microsatellite markers werc used for the assessment of genetic diversity in
the local Muscovy duck population, Observed and effective number of alleles ranged between 3
and 12 and between 2.495 and 5.189, respectively. The mean observed nnd‘ei‘fcctivc number of
alleles in Muscovy were 8.25 apd 3.66, respectively nnd lllt;sc were comparable with 8.428 and
4.26 found in Chinese native ducks (Li ef al., 2006). The observed heterozygosity ranged between:
| 0.435 and 0.913 with mean observed hetcrozygosity of 0.733% 0.164, while the expected
hetcmzjgas;ity ranged belwccn 0.613 and 0.825 with mean expected heterozygosity of
0. 725&0 078 'I'he avcrage obscrved hctcrozygosny m Muscovy ducks (0 733&0 164) is
compamblc to the avcmgc obscrvcd hctcrozygosny of 0 693 found in Cluncse mdlgenous Iuymg
type ducks using a panel of 17 mlcrosutcilltc markers (Su and Chen, 2009). The mean expccled
heterozygosity of 0.725£0.078 in Muscovy ducks is compamble with mean expugtcd .
“heterozygosity of 0. 72 and 0., 68 found in indigenous Indian ducks and Land and Constnl ducks,
respectively (Mukesh ef al., 20I1 Gaur ef al., 2016). The ollelic diversity (mean obscrvcd und
mean expected h_ctcrozygosity) gll indicated high fevels of genetic dwers:ty in the Muscovy duck

'populnfion of Botswana. All the cight loci studicd were also in Hardy-Weinberg equilibrium
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indicating high genetic stability in Muscovy duck population and confirms lack of any organized
selection program in the local duck population. The inbreeding cocefTicient of the Muscovy
population was -0.136 indicating an excess of heterozygotes in the population and therefore
negligible levels of inbreeding in the Muscovy duck population. Sufficient genetic diversity
therefore exists in the local Muscavy duck population 1o permit within breed genetic selection in
traits of economic importance and to withstand expected climatic changes resulting from global

warming,.

5.2, CONCLUSIONS

-Pekin ducks had superior growth performance as compared to Muscovy ducks
-Pekin ducks had higher feed consumption as combnrcd to Pekin ducks
-Muscovy ducks had relatively better feed com./crsion efficiency than Pekin ducks

-High genetic diversity exist within the local Muscovy duck population,

5.3. RECOMMENDATIONS

1. Farmers should use Pekin ducks as meat type ducks llmn Muscovy dueto early enhanced growth

performance of Pekin ducks (both males und females) compared to Muscovy ducks.

2. For backyard farming, farmers should rear Muscovy ducks ns they reqmrc less feed and utilize

feed more ctT czcnlly as compared to Pekm ducks.

3. Thc govemment and Institutions hkc Universities should leud clTorts towurds conservntmn of

Muscovy ducks

4, I'urmers should cxploxt the gcnchc dwersuy in lhc Muscovy populunon thmugh nmi' cml

selection to make 1mprnvemcnls in lralts of economic 1mportnncc
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