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SUMMARY

This study was designed to investigate the
possibility of classifying Nigerian Muscovy ducks
into distinct ecotypes using stepwise discriminant
analysis and Euclidean distance. Data were
collected on ten morphological traits (body weight,
body length, body girth, wing length, shank length,
shank circumference, thigh length, total leg length,
bill length and bill width) of one thousand and
twenty (1020) adult Muscovy ducks comprising
203, 598 and 289 randomly sampled ducks from
the rain forest, derived savanna and Guinea
savanna ecotypes, respectively. The results of
the descriptive statistics revealed highly (p<0.001)
significant effects of ecotype on eight of the
morphological traits except bill width and body
length. Stepwise discriminant analysis indicated
that bill length and body length had highest
discriminating powers among the six distinguishing
variables. Result of the cross validation of the
correct assignment of ducks into distinct ecotypes
was low; 53.7, 41.8 and 42.3 % of samples drawn
from the rain forest, derived savanna and Guinea
savanna ecotypes were correctly classified into
their expected ecotypes. Euclidean distance
between ecotypes was small; shortest distance
was between rain forest and derived savanna
ducks (2010) while the longest distance (3758)
was between rain forest and Guinea savanna
ducks. Itis evident that due to the low classification
success rate of discriminant analysis and short
Euclidean genetic distance between ecotypes,
they could not be classified into distinct ecotypes
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on the bases of morphostructural traits and appre-
ciable heterosis is practically impossible from
crossing Nigerian Muscovy ducks originating from
different ecotypes.

RESUMEN

Este estudio fue realizado para investigar la
posibilidad de clasificar los patos Muscovy
nigerianos en distintos ecotipos utilizando el ana-
lisis discriminante secuencial y la distancia
euclidiana. Se obtuvieron datos de diez caracte-
res morfologicos (peso, longitud y perimetro corpo-
ral, longitud del ala, longitud y circunferencia del
tarso, longitud del muslo, longitud total de la pierna,
longitud y anchura del pico) de 1020 patos Moscovy
adultos obtenidos al azar en los ecotipos de
bosque lluvioso (203), de sabana derivada (598)
y de sabana de Guinea (289). La estadistica
descriptiva revel6 (p<0,001) la influencia del
ecotipo sobre ocho de las medidas estudiadas,
exceptuando la amplitud del pico y longitud corpo-
ral. El analisis discriminante secuencial puso de
manifiesto que el mayor poder discriminante co-
rresponde a las longitudes del pico y del cuerpo.
Lavalidacion cruzada puso de manifiesto una baja
asignacion correcta a los correspondientes
ecotipos; el 53,7; 41,8 y 42,3 % de las muestras
fueron atribuidas correctamente a los ecotipos
bosque lluvioso, sabana derivada y sabana de
Guinea respectivamente. La distancia euclidiana
entre ecotipos resultdé pequefia, la més corta se
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registro entre el ecotipo bosque lluvioso y el
savana derivada (2010) mientras que la distancia
mayor, se registr6 entre los patos del bosque
lluviosoy los de lasabana Guinea. Es evidente que
debido al escaso éxito de la clasificacion del
analisis discriminante y la pequefia distancia
euclidiana, los posibles ecotipos estudiados no
pueden considerarse diferentes sobre la base de
caracteres morfoestructurales y la obtencion de
una apreciable heterosis es practicamente impo-
sible a partir del cruzamiento de estos ecotipos
nigerianos.

INTRODUCTION

Among domesticated avian species in
Nigeria, duck was ranked third with an
estimated population of 9 553 911 after
chicken (101 676 710) and guinea fowl
(16 976 907), respectively (NBS, 2012).
Muscovy duck (Cairina moschata) and
common duck (Anas platyrhynchos)
popularly known aslocal and exotic duck,
respectively arethemost common generaof
ducksrearedinNigeria. Of thesetwo gene-
ra, Muscovy duck is more numerous with
significant presence all over the country
(Nwantaet al., 2006; Adeyemi et al., 2008);
constituting 74 % of all ducks in Nigeria
(Adesope and Nodu, 2002).

Thisindigenouswaterfowl isanintegral
part of local poultry sector in Nigeria, and
areconcentrated mostly inrural areasinthe
handsof small-holder peasants. Similarly to
the prevailing neglect of other indigenous
birds, empirical researches geared towards
its development, conservation and impro-
vement are scanty. Information on genetic
attributesof aspeciesispivotal toitsconser-
vation, characterization, improvement and
efficient utilization. Thisvital information
could be accessed through biochemical,
immunological, molecular and morphol ogical
characteristics.

Genetic characterization based on
molecular assessment had been reported to
be the most common method to evaluate
genetic diversity between and within
livestock breeds, but needshigh technology

and cost (Wimmers et al., 2000; Romanov
and Weigend, 2001; Hillel et al., 2003).
Researchers also use a method based on
morphological characters that are easy to
monitor, low-cost and providereliableracial
discriminants(Al-Atiyat, 2009). Herreraet
al. (1996) corroborated this that morpho-
logical variables are easy to monitor and
may facilitate the use of ethnological
characterization and at the same time
establishracial discrimination.

The underlying complex biological
mechani smsconnected with theformation,
development and functions of morpho-
logical traitsaretoo complex to beanalysed
and interpreted through simple univariate
and bivariatestati stical methods (Oguntunji,
2013). The report of Wu and Lin (2006)
buttressed this assertion that most of the
biological, biomedical and agricultural traits
werecomplex and were under the control of
interaction of genes, eachwithasmall effect
and of environmental factors. Since
univariate statistical analysis tends to
analyse each variable separately and does
not explain how the population under
investigation differs when all measured
variableswere considered jointly (Dossaet
al., 2007); therefore, it becomesimperative
to employ various multivariate techniques
that can analyse many variables simulta-
neously.

Multifactorial analysesof morphological
traits have been proved to be suitable in
assessing the variation within a popul ation
and can differentiate different population
types when all measured morphological
variables are considered simultaneously
(Traoré et al., 2008; Y akubu and Ibrahim,
2011). Discriminant analysisis one of the
multivariatetechniquescommonly used for
analysing many variables simultaneously.
Discriminant analysis encompasses proce-
dures for classifying observations into
groups (i.e. predictive discriminant analy-
sis) and describing the relativeimportance
of variables for distinguishing among
groups(Lix and Sojobi, 2010). Researchers
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have employed this multivariate analysis
technique extensively for discriminating
livestock speciesinto breeds and ecotypes
(Agaviezor et al., 2012; Ogah et al., 2011;
Yakubu et al., 2010). Against this back-
ground, this study was conducted to
investigate the possibility of using discri-
minant analysis of morphological traitsfor
separation of Nigerian Muscovy ducks to
different ecotypes.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS

Adult male and female Muscovy ducks
used in this study were owned by small-
scale farmers. They were mostly managed
extensively withlittle or no supplementary
feeding and medication. Only adult ducks
which were confirmed by the owners to
have commenced laying in the case of
females, and malesthat havesired of fspring
at least once were involved in the study in
order to ensure that matured ducks were
used since their ages could not be deter-
mined. Besides, datawere collected only on
apparently healthy birds.

DATA COLLECTION, SAMPLE SIZE AND STUDY
AREA

Morphological data used for the analy-
ses were collected on one thousand and
twenty (1020) adult maleand femaleNigerian
Muscovy ducks. They comprise 203, 519
and 298 Muscovy ducks randomly drawn
from the rain forest, derived savanna and
Guineasavannaecotypesor agro-ecol ogical
zones (AEZs), respectively. The climatic
conditions of the study area have been
described by Oguntunji etal. (2008), Y akubu
(2011) and Ogahetal. (2011).

Measurements were taken on body
weight and nine other morphological traits:
body girth, body length, wing length, shank
length, shank circumference, thigh length,
total leg length, bill length and bill width.
The anatomical references of these metric
traitswere asdescribed by Y akubu (2011),

Ogahetal. (2011) and Oguntun;ji (2013).

The body length, body girth, wing
length, shank length, thigh length, bill
length, bill width, total leg length were
measured withtheaid of aflexibletaperule
in centimeters while body weight measu-
rement was taken using a 10 kg weighing
scale.

STATISTICAL ANALYSES

Morphological data collected on body
weight and nine linear body parameters of
each sex and ecotype were analyzed using
thefollowing fixed effect model:

Yy= K+ S+ G ey

onde:

Y= individual observation;

u= fixed overall mean;

S=effect of sex (= male, female);

G= effect of ecotype (i= rain forest, derived
savanna, Guinea savanna);

e,= experimental error, assumed to be inde-
pendently, identically and normally distributed,
with zero mean and constant variance, i.e. , ,nd
(0, r?).

Differences between means were acce-
ssed using Duncan's Multiple Range Test
(DMRT).

Stepwise discriminant procedure was
used in order to identify morphological
characters with high discriminatory power
using ecotype asthe separating factor. The
relative discriminating ability of the
morphological traits was assessed using
the level of significance (Pr>F), Wilk's
Lambdaand F-statistics (F-to-remove). The
effectiveness of the unstandardized cano-
nical discriminant functionto classify ducks
into separate ecotypeswasindicated asthe
percentage of correct assignment of ducks.
As correct classification rates tend to be
overestimated when discriminant analysis
are validated with the same sample used to
generatethem (Tabachnick and Fidell, 2007),
thus necessitating the use of cross-
validation table, classification successrate
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was therefore evaluated based on the
percentage of individual duck correctly
classified into different ecotypes through
cross-validationtest. All statistical analyses
were performed using the SPSS (2001)
version 16.

RESULTS AND DISCUSSION

Therewassignificant (p<0.001) effect of
sex on all themorphological traitsinfavour
of males(tablel). Significant differencesin
body weight and other linear body measu-
rementsinfavour of maleisconsistent with
thereports of previous studieson Muscovy
ducks(Y akubu, 2011), Musk duck (McCracken
et al., 2000) and other water birds such as
Great Comorants (Phalacrocorax carbo)
(Liordosand Goutner, 2008) and Carlifornia
Gulls (Larus carlifonicus) (Herring et al.,
2010).

In most sexually dimorphic species,
males appear bigger in size and more
conspicuous compared to their female
counterparts(Ajayi etal., 2012). Thegender-
influenced differences reported for all the
morphological traitsinfavour of malecould
be adduced to the usual between-sex
differential hormonal effects on growth
(Ajayi etal.,2012). Inaddition, Kharel and
Arboleda (1986) attributed sexual dimor-
phism in Muscovy ducks in part to the
effect of sex-linked as well as autosomal
genes. Thesignificantly longer body length
and higher mean values for body girth in
mal es are indicative of meatiness.

Theresultsof theunivariate statistics of
the morphometric traits of the Nigerian
Muscovy ducks (table 1) revealed highly
significant (p<0.001) effects of ecotypeon
eight of the morphological variables
examined except bill width and body length.
Comparison of the morphological traits of
the ecotypes showed that highest mean
valueswererecorded for rainforest ducksin
body weight, body girth, winglength, shank
circumference, thighlength, bill length and
total leg length; Guinea savanna ducks in

shank lengthwhilebill widthwashighestin
the derived savanna and Guinea savanna
ducks.

Thehigher meanvaluesrecorded for the
rain forest ducksin five morphological va-
riables which are indicator of body size,
accentuatefurther the superior body weight
of rain forest duck compared to others. The

Table |. Descriptive statistics of the
mor phological traits of adult Nigerian
Muscovy ducks. (Estadistica descriptiva de los
caracteres morfolégicos de patos Muscovy
nigerianos adultos).

Trait/Sex N° Mean+SD
Body weight (kg)

Male 287 2.64+0.372

Female 733 1.60+0.25°
Body girth (cm)

Male 287 46.93+2.922

Female 733 38.70+2.99°
Body length (cm)

Male 287 30.69+2.872

Female 733 23.96+2.43°
Wing length (cm)

Male 287 35.23+3.80

Female 733 26.71+2.86°
Shank length (cm)

Male 287 5.71+0.672

Female 733 4.57+0.56°
Shank circumference (cm)

Male 287 5.33+0.582

Female 733 4.35+0.40°
Thigh length (cm)

Male 287 12.14+1.242

Female 733 9.90+1.21°
Bill length (cm)

Male 287 5.94+0.542

Female 733 5.03+0.42°
Bill width (cm)

Male 287 3.44+0.302

Female 733 3.10+0.25°
Total leg length (cm)

Male 287 17.83+1.372

Female 733 14.55+1.59°

aWithin each trait, means with different
superscripts are significantly different (p<0.001).
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Table | 1. Descriptive statistics (mean + SD) of the morphologic traits of Nigerian Muscovy
duck ecotypes. (Estadistica descriptiva (mediatSD) de los caracteres morfolégicos de ecotipos de

patos Muscovy nigerianos adultos).

Ecotype
Rain Derived Guinea
forest savanna savanna
(N=203) (N=519) (N=298)
Trait
Body weight (kg) 1.97+0.47° 1.87+0.562 1.89+0.592°
Body girth (cm) 41.73+4.04 41.03+4.94% 40.53+4.79°
Body length (cm) 25.63+4.672 25.93+3.902 25.88+3.532
Wing length (cm) 30.0645.87" 28.56+4.782 29.41+4.46%
Shank length (cm) 4.95+0.69° 4.79+0.772 5.02+0.84°
Shank circumference (cm) 4.69+0.71° 4.57+0.632 4.69+0.56°
Thigh length (cm) 10.95+1.33° 10.56+1.74° 10.21+1.342
Bill length (cm) 5.51+0.69°¢ 5.18+0.572 5.31+0.60°
Bill width (cm) 3.19+0.342 3.20+0.282 3.20+0.322
Total leg length (cm) 15.90+1.93° 15.35+2.332 15.23+1.782

acMeans in the same row with different superscripts are different (p<0.001).

highest body weight recorded for rainforest
ducks in the present study is consistent
withthereportsof Y akubu and Ugbo (2010)
and Ogah et al. (2011) that rainforest ducks
weresignificantly heavier thantheir savanna
counterparts in Nigeria. Superior body
weight of therain forest Muscovy ducksin
relationto othersmight partially beattributed
to the conducive rearing climate mediated
through lower ambient temperature and
higher precipitation; supporting availability
of many water bodies and abundant
availability of diversemicrofloraand fauna
for ducks compared to derived savannaand
Guinea savanna AEZs which are drier.
Similarly, Y akubuand Ugbo (2010) attributed
higher body weight of therain forest ducks
in contrast to Guinea savannaonesto their
closeness to the coastal areas, which is
favourable to growth of ducks probably as
aresult of thermoregulatory advantages of
being larger in a colder environment. In
contrast, lower body weight of ducksinthe
savanna (derived and Guinea savanna)
environment might be an adaptive morpho-

logical featureto mitigate challengesposed
by the stressful rearing environments
engineered by the seasonal scarce food
resources and elevated environmental
temperature (heat stress factor).

The observed highly significant effect
of ecotype on the majority of the morpho-
logical traits strongly suggests environ-
mental influence on the morphological
attributes of ducks found in different
ecotypes. Several studies have shown that
morphological variations may result from
the phenotypic plasticity in responseto the
varying environmental conditions (e.g.
temperature, salinity, food availability, flow
regime, predator/prey interactionetc.) within
different geographical areas (Thompson,
1991, Scheiner and Callahan, 1993) or genetic
differences or their interactions (Scheiner
and Callahan, 1993; Hoffman and Meril4,
1999). Postulating on the possi bl e causes of
the observed differencesinthe morphol ogy
of aspecies, Remerieet al. (2005) reinforced
previousassertion that changesin morpho-
logical attributes are under the control of
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environmental conditions or genetic back-
ground, or (most often) a combination of
both.

Corroborating previousstudies, Ouinsa-
vy and Sokpon (2010) asserted that
adaptation of a speciesto diverse environ-
mental challenges may produce different
morhphological and physiological charac-
teristics resulting in the development of
different ecotypes. Alternatively, morpho-
logical differences among co-existing
species or morphs within species are often
interpreted asadivergent solution; so asto
avoid competition by exploiting different
resources (Ehlinger and Wilson, 1988;
Skulason et al., 1989).

Stepwise discriminant analysis result
(table I11) indicated that six of the ten
morphometrictraits; bill length, body girth,
wing length, body Iength, thigh length and
shank length contributed significantly
(p<0.001) totheseparation of thepopulation
under study into ecotypes. However, hill
length and body length had higher
separation power compared to the others.

The highly significant discriminating
power of bill length, body length, thigh
length, shank length, body girth and wing
lengthimpliesthat consistent measurements
of these morphostructural traits would
enhance separation of the studied popu-
lationintodistinct ecotypes. Itisnoteworthy
that fiveof thesix most discriminating varia-

Table 1. Summary of the step-wise discri-
minant analysis of the adult Nigerian
Muscovy ducks. (Resumen del anélisis discrimi-
nante secuencial de patos Muscovy nigerianos).

Step  Variable Wilk's F-value p>F
entered lambda
1 Billlength 0.957 23.00 0.000
2 Body length 0.922 21.07 0.000
3 Thighlength  0.892 19.81  0.000
4 Shanklength 0.873 17.78  0.000
5 Body girth 0.864 15.38  0.000
6 Wing length 0.854 13.81  0.000

bles, except body girth, are measures of
length and areenvironmentally independent,
thusindicatinginherent size. Non sensitivity
of thefive of thesix discriminating variables
to the prevailing environmental factors
substantiated further the reliability and
suitability of suchtraitsin separating ducks
into distinct clusters.

Comparison of thediscriminating varia-
bles reported in this study and previous
onesonMuscovy ducksinNigeriareveal ed
disparities. Ogah et al. (2011) reported body
weight, body width, body lenght and wing
length asthe most discriminating variables
for duckssampledintherainforest, Guinea
savannaand dry savannawhilefoot length,
neck length, thigh circumference and body
length were the most discriminating varia-
bles for Muscovy ducks sampled in rain
forest and Guinea savanna (Y akubu and
Ugbo, 2010).

Differences observed in the discri-
minating variablesin those studies and the
present one might be attributed to the
differencesin the study areas, data collec-
tion methods, number of variablesmeasured
and samplesizes. Thehighest discriminating
power of hill length in the present study
compared to other morphological variables
might be attributed to its trophic nature,
putting into consideration the amphibious
nature of Muscovy ducks. Thismight bean
adaptive feature for harvesting terrestrial
and aquatic food materials since food
availability varies from season to season
across the agro-ecological zones and also
for defence against both aquatic and
terrestrial predatorsthat might want to take
advantage of the sluggish nature of ducks.

The classification result, validated by
cross-validationtest (tablel V) showed that
41.8,53.7 and 42.3 % of thederived savanna,
rain-forest and Guineasavannaduckswere
correctly classified into their separate
ecotypes. On the average, discriminant
analysisof morphostructural traitscorrectly
classified 44.3 % of the studied population.

L ow classification successratein using
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morphological traits for separation of
Muscovy ducks into different ecotypesin
the present study agrees with the report of
Y akubu and Ugbo (2010) that small
morphological differences exists between
Guinea savanna and rain forest Muscovy
ducks. In contrast, Ogah et al. (2011)
reported higher classification success rate
and correctly classified 71.9, 85.4and 94.9%
of Guinea savanna, dry savanna and rain
forest Nigerian Muscovy ducks respec-
tively, into their expected ecotypes.

A major possible reason for low classi-
fication successrate of ducksinto separate
ecotypes in the present study might be
attributed to the absence of selectionwithin
ecotypes. Inaddition, theunrestricted gene
flow between ducks of different ecotypes
through inter-regional trade; and human
movement promotesindiscriminate mating
and exchange of genetic materials among
ducksof different ecotypes. Inaddition, the

Table 1V. Classification results of the
discriminant analysis. (Resultados de la clasi-
ficacion de andlisis discriminante).

Predicted ecotype membership

Derived Rain Guinea
savanna forest savanna  Total
N=519 N=203 N=298 N=1020
Original, count
1 221 138 160 519
2 39 118 46 203
3 78 81 139 298
%
1 42.6 26.6 30.8 100
2 19.2 58.1 22.7 100
3 26.2 27.2 46.6 100
Cross-validated, count
1 217 138 164 519
2 45 109 49 203
3 83 89 126 298
%
1 41.8 26.6 31.6 100
2 22.2 53.7 24.1 100
3 27.9 29.9 42.3 100

TableV. Euclidean genetic distance between
Nigerian Muscovy duck ecotypes. (Distancia
euclidiana entre los ecotipos de patos Muscovy
nigerianos).

Rain Derived Guinea

forest savanna savanna
Rain forest 0.000 2.010 3.758
Derived savanna 2.010 0.000 3.147
Guinea savanna 3.758 3.147 0.000

highassignment error in separation of ducks
to distinct ecotypesisan indication of low
intraspecific variation in spite of geogra-
phical separation in their sources. It also
suggested that sampled ducks, though
foundindifferent AEZs, possibly originated
or had common ancestors. Itisimperativeto
state that the high assignment error in
classifying ducks into distinct ecotypesin
this study is a pointer to inadvertent but
remarkable influence of socio-economic
activities on genetic attributes of the
Nigerian Muscovy ducks.

TheEuclidean distancemeasurebetween
thestudied sub-popul ationswassmall (table
V); shortest distance (2.010) was between
the rain forest and derived savanna ducks,
longest (3.758) between therain forest and
Guinea savanna but intermediate (3.147)
betweentherainforest and derived savanna
ducks.

Though the phenotypic distances
between the ecotypeswerelow inthisstudy,
nevertheless, a unique observed trend was
an increasing genetic distance as the
geographical distance was increasing
between ecotypes. The geographical
proximity of the rain forest and derived
savanna agro-ecological zones in contrast
to the long distance to Guinea savanna
encouraged intermingling of ducksfromthe
two ecotypes. It has been shown that
phenotypic differences are maintained in
part by the reduction of gene flow among
populations separated by large distances
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(Y akubuandlbrahim, 2011). Substantiating
influence of geographical distancebetween
members of a specieson genetic similarity
and disimmilarity; Salako and Ngere (2002)
attributed small genetic distance between
two Nigerian indigenous goat breeds to
genetic exchange which occurred between
them because the overlapping nature of
their geographical distribution hasreduced
thegeneticdistancethat wouldtheoretically
have described their differences. It is
suggestive from this trend that wider
geographical distance between members of
a species encourages genetic purity and
conservation of distinct identity.
Furthermore, the short phenotypic
distance observed among duck ecotypesin

the present study is in agreement with the
recent reports of Y akubu and Ugbo (2010)
andOgahetal. (2011) on Nigerian Muscovy
ducks and also attests further to the high
assignment error of classification of ducks
into distinct ecotypes. In arelated study,
Ajayietal. (2012) alsoreported low genetic
distance between three genotypes of
Nigerianlocal chickens.

The short phenotypic distance in
morphological traits between ecotypes is
suggestive that appreciable heterosis in
these morphological traits is not feasible
through crossbreeding of Nigerian Mus-
covy ducks originating from different
ecotypes. Wide genetic distance between
parental groups is fundamental to higher
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canodnica de ecotipos de patos Muscovy nigerianos).
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heterosis/hybrid vigour. Since heterosis
exploits wide genetic differences between
parental groups; therefore, the wider the
genetic bases the higher the heterosis and
viceversa. Though morphol ogical distances
are likely to grossly under-estimate true
levels of genetic variation between popu-
lations, it is capable of providing a sound
foundation and reference in the systemic
evaluation and characterization of our
indigenousspecies(Salakoand Ngere, 2002).

The canonical plot representation for
the clusters formed by the Muscovy duck
ecotypesis shown in figure 1. Corrobora-
ting low genetic distance between ecotypes
(tablel V), thecanonical plot representation
of theecotypesreveal ed highintermingling
of the ecotypes, resulting in the absence of
distinct clusters. Besides, proximity of the
group centroids attests further to the low
morphological differentiation between
ecotypes and is also an indication of
homogeneity inthemorphological attributes
of the studied sub-populations. In tandem
with the result of this study, previous
attempts on morphological differentiation
of three Nigerian indigenous chicken
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traits. Application of blood protein markers
and highly informative DNA analysiscould
be of immense contribution to elucidation
of the inherent genetic differences in
Nigerian Muscovy duck found acrossagro-
ecological zonesin Nigeria.
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