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INTRODUCTION 

The Muscovy duck is one of the waterfowl species 
with significant economic value in smallholder 

poultry production systems in many tropical countries 
(Carvalho et al., 2025). In this study, entok refers to the 
local name for the Muscovy duck (Cairina moschata). This 
species is recognized for its strong adaptability to diverse 
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Abstract | The Muscovy duck (Cairina moschata) is an important indigenous poultry genetic resource widely raised 
under traditional production systems in eastern Indonesia. As a valuable genetic resource, Muscovy ducks contribute 
to food security, sustainable livestock production, and the conservation of poultry biodiversity. However, information 
regarding their morphometric characteristics and population genetic parameters remains limited, particularly in East 
Halmahera Regency, North Maluku Province. This study evaluated the morphometric characteristics and population 
genetic parameters of traditionally raised Muscovy ducks in Wasile and East Wasile Subdistricts, East Halmahera 
Regency. A total of 298 Muscovy ducks were examined, comprising 60 males and 80 females from Wasile Subdistrict 
and 78 males and 80 females from East Wasile Subdistrict. Morphometric measurements included body weight, 
tarsometatarsus length, bill length, back length, chest width, and chest circumference. Population genetic parameters 
analyzed were sex ratio, effective population size (Ne), and inbreeding rate (ΔF). Male ducks consistently exhibited 
larger morphometric measurements than females, indicating pronounced sexual dimorphism. In Wasile, the average 
body weight of males (2803.30 ± 341.95 g) was markedly higher than that of females (1379.63 ± 188.53 g), whereas 
in East Wasile, males averaged 2445.60 ± 265.42 g compared with 1479.03 ± 337.89 g in females. Phenotypic 
variability ranged from low to moderate across the measured traits. Sex ratios were relatively balanced (1:1.33 in 
Wasile and 1:1.02 in East Wasile). The effective population size was estimated at 137.14 and 157.97 individuals, with 
low inbreeding rates of 0.0036 and 0.0031 per generation, respectively. Traditional Muscovy duck populations in East 
Halmahera maintain moderate phenotypic diversity, balanced population structures, and low levels of inbreeding, 
indicating relatively stable genetic conditions. The novelty of this study lies in providing the first baseline data on 
the morphometric characteristics and population genetic parameters of traditionally raised Muscovy ducks (Cairina 
moschata) in East Halmahera Regency, serving as a scientific foundation for the conservation, genetic management, 
and sustainable breeding of indigenous waterfowl genetic resources in Indonesia.
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environmental conditions, relatively high feed utilization 
efficiency, and good meat quality (Adeola et al., 2022). 
Consequently, Muscovy ducks are widely raised by small-
scale farmers in rural areas as an important source of animal 
protein and household income (Lyu et al., 2021; Tavares et 
al., 2022; Nhan, 2025). In traditional production systems, 
the Muscovy duck is generally raised under semi-extensive 
management with simple husbandry practices and the 
utilization of locally available feed resources (Zhou et al., 
2025). Such production systems enable this species to play 
an important role in supporting household food security 
and improving the livelihoods of rural communities (Bati 
et al., 2014). In Indonesia, the Muscovy duck is locally 
known as entok and represents a valuable indigenous 
poultry genetic resource with considerable potential for 
further development (Ramandhani et al., 2025). This 
species is wsidely reared by rural communities due to its 
strong adaptability to tropical environments, relatively high 
disease tolerance, and ability to utilize low-quality feed 
resources efficiently (Widianingrum et al., 2020; Putra et 
al., 2022; Ramandhani et al., 2025).

In eastern Indonesia, particularly in North Maluku, the 
Muscovy duck, locally known as entok, is generally raised 
under traditional management systems characterized by 
natural mating without structured breeding programs 
(Susanti et al., 2017). Such conditions may lead to 
imbalances in population structure, a low effective 
population size, and an increased risk of inbreeding within 
the population. Phenotypic characterization represents an 
essential initial step in the identification, utilization, and 
conservation of indigenous livestock genetic resources. This 
characterization includes the analysis of morphometric 
traits and qualitative characteristics, which can provide 
important insights into the level of phenotypic diversity 
within a population (Libanio et al., 2025). High phenotypic 
diversity within a livestock population reflects substantial 
genetic potential that can be utilized for breeding programs 
and for improving animal productivity in the future 
(Maharani et al., 2021; Libanio et al., 2025).

In addition to phenotypic characteristics, population 
structure analysis represents an important component in 
livestock population genetics studies. Population structure 
can be evaluated using several parameters, including sex 
ratio, effective population size (Ne), and the inbreeding rate 
(ΔF). These parameters are essential for assessing population 
sustainability and for identifying potential risks of genetic 
diversity loss within a livestock population (Setiawan et 
al., 2021). Effective population size (Ne) is a fundamental 
parameter in population genetics that reflects the number 
of individuals effectively contributing genes to the next 
generation. A low effective population size increases the 
risk of inbreeding, potentially reducing genetic diversity, 
productivity, and resilience to diseases and environmental 

changes (Graham et al., 2024). Therefore, the analysis of 
effective populatio (Chakraborty et al., 2022). Population 
size and inbreeding rate provides important information 
for the sustainable management of indigenous livestock 
populations (Rochus et al., 2025). 

Objective to evaluate the morphometric characteristics, 
population structure, effective population size (Ne), and 
inbreeding rate (ΔF) of traditionally raised Muscovy ducks 
in East Halmahera Regency, North Maluku, Indonesia. 
Novelty This study presents the first integrated assessment 
of morphometric characteristics and population genetic 
parameters, including effective population size (Ne) and 
inbreeding rate (ΔF), in traditionally raised Muscovy 
ducks from East Halmahera, North Maluku. The findings 
provide baseline scientific evidence to support genetic 
conservation and sustainable breeding programs for 
indigenous Muscovy ducks in eastern Indonesia.

MATERIALS AND METHODS 

Study area
This study was conducted in Wasile Subdistrict and East 
Wasile Subdistrict, located in East Halmahera Regency. 
Geographically, the study area is situated at approximately 
0°30’–1°30’ N latitude and 128°–130° E longitude, 
representing an archipelagic ecosystem characterized 
by a humid tropical climate with relatively high rainfall 
throughout the year. Wasile and East Wasile districts are 
among the main areas for raising the local Muscovy duck, 
which is traditionally reared by rural communities under 
semi-extensive management systems. Field data collection 
was conducted from June to August 2023. The map of the 
study area is presented in Figure 1. 

Sampling
A total of 298 adult local Muscovy ducks were used as 
research samples, consisting of 138 males and 160 females. 
The samples were obtained from two study areas, namely 
Wasile Subdistrict, comprising 60 males and 80 females, 
and East Wasile Subdistrict, comprising 78 males and 
80 females. The observed ducks belonged to smallholder 
farmers and were traditionally raised in several villages 
within the two districts. Sampling was conducted using 
a purposive sampling method, in which individuals were 
randomly selected based on specific criteria, including 
ducks that had reached adulthood, were healthy and 
active, and had no physical abnormalities. Each duck was 
measured only once to avoid measurement bias.

Research variables 
The variables examined in this study consisted of 
quantitative phenotypic traits, qualitative phenotypic traits, 
and population parameters of the Muscovy duck population 
observed in Wasile Subdistrict and East Wasile Subistrict.
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Figure 1: Map of the study area. The map shows: (1) the location of North Maluku Province within Indonesia; (2) the 
location of East Halmahera Regency within North Maluku Province; and (3) the locations of Wasile and East Wasile 
Subdistricts within East Halmahera Regency, where the study population was sampled.

Quantitative phenotypic variables 
Quantitative phenotypic variables consisted of 
morphometric traits that were directly measured using 
standard measuring instruments and analyzed using the 
mean, standard deviation, and coefficient of variation. The 
observed variables included: (1) body weight (g); (2) body 
length (cm); (3) bill length (cm); (4) bill width (cm); (5) 
neck length (cm); (6) wing length (cm); (7) chest length 
(cm); (8) chest width (cm); (9) chest circumference (cm); 
(10) back length (cm); (11) thigh length (cm); (12) shank 
length (cm); and (13) shank circumference (cm). These 
variables were used to describe the morphometric diversity 
and body size variation of the Muscovy duck population in 
the study area.

Qualitative phenotypic variables 
Qualitative phenotypic variables consisted of 
morphological traits that were visually observed without 
numerical measurement and were presented in the form 
of frequencies and percentages. The observed variables 

included: (1) plumage color; (2) shank color; (3) bill color; 
(4) crest shape; (5) ear color; and (6) skin color. These 
traits were used to describe the phenotypic diversity of the 
Muscovy duck population raised by smallholder farmers. 
Calculating the formula of the average, standard deviation, 
and coefficient of diversity Steel et al. (1997) in Hendrawan 
et al. (2025). 

Population structure 
Variables: Population structure variables were used to 
describe the condition of the Muscovy duck population 
in the study area. The observed parameters included: (1) 
number of males (Nm); (2) number of females (Nf ); and 
(3) sex ratio.

Population genetic parameter variables 
Based on the number of male and female populations, 
several population genetic parameters were calculated, 
including: (1) effective population size (Ne) and (2) 
inbreeding rate (ΔF). These parameters were used to assess 
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genetic diversity and the potential risk of inbreeding in the 
local Muscovy duck population.

Data analysis 
Quantitative phenotypic traits were summarized using 
descriptive statistics, including mean, standard deviation 
(SD), minimum, maximum, and coefficient of variation 
(CV), as described by Steel et al. (1997). Qualitative 
phenotypic traits were summarized using relative 
frequency analysis to determine the proportion of each 
phenotypic characteristic within the population, following 
the guidelines of Steel et al. (1997).

Population structure was evaluated based on the numbers 
of breeding males and breeding females to estimate the 
effective population size (Ne) according to Eigen et al., 
(2007).

The rate of inbreeding per generation (ΔF) was estimated 

following the method described by Namura (2005). The 
sex ratio was calculated as the proportion of male to female 
individuals in the population according to Eigen et al., 
(2007). All statistical analyses were performed using IBM 
SPSS Statistics for Windows, Version 21.0 (IBM Corp., 
Armonk, NY, USA).

RESULTS

Morphometric characteristics and genetic 
parameters in the wasele, east halmahera area
Morphometric characteristics 
The results of the measurement of the morphometric 
measurements of traditionally raised Muscovy ducks 
(Cairina moschata) from Wasile District are presented as 
means (X̄) and standard deviations (SD) in Table 1 and 
Figure 2.

Table 1: Comparison of morphometric characteristics of male and female entok (Cairina moschata) in Wasile Subdistrict.
Observation variables Male (n = 60) X̄ ± SD CV (%) Female (n = 80) X̄ ± SD CV (%)
Body Weight (g) 2803.30 ± 341.95 12.20 1379.63 ± 188.53 13.66
Tarsometatarsus (mm) 139.64 ± 14.13 10.12 110.68 ± 9.58 8.66
Beak Length (mm) 44.01 ± 5.61 12.75 46.18 ± 3.29 7.12
Back Length (mm) 23.66 ± 13.87 58.63 154.26 ± 4.57 2.96
Chest Width (mm) 129.52 ± 20.47 15.80 91.42 ± 9.55 10.44
Chest Circumference (mm) 420.60 ± 18.37 4.37 325.33 ± 18.51 5.69

Abbreviations: X̄, mean; SD, standard deviation; CV, coefficient of variation.

 
Figure 2: Comparison of morphometric characteristics between male (n = 60) and female (n = 80) Muscovy ducks 
(Cairina moschata) in Wasile Subdistrict, North Maluku, Indonesia. (A) Mean (± SD) values of morphometric traits, 
including tarsometatarsus length, beak length, back length, chest width, and chest circumference. (B) Comparison of 
body weight between male and female Muscovy ducks. Error bars represent the standard deviation (SD). 
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Figure 3: Qualitative phenotypic characteristics of male (n = 60) and female (n = 80) Muscovy ducks (Cairina moschata) 
from Wasile Subdistrict, North Maluku, Indonesia. (A) Coat colour, (B) shank colour, (C) beak colour, (D) shape of the 
comb, (E) ear colour, and (F) skin tone. Comb represent the percentage of birds in each phenotypic category.

Male Muscovy ducks generally exhibited greater body size 
than females, particularly for body weight, tarsometatarsus 
length, chest width, and chest circumference. Body 
weight was 2803.30 ± 341.95 g (CV 12.20%) in males 
and 1379.63 ± 188.53 g (CV 13.66%) in females, while 
chest circumference reached 420.60 ± 18.37 mm (CV 
4.37%) and 325.33 ± 18.51 mm (CV 5.69%), respectively. 
In contrast, females had slightly longer beaks than males 
(46.18 ± 3.29 vs. 44.01 ± 5.61 mm), indicating clear sexual 
dimorphism in most morphometric traits.

Morphometric variability was generally low to moderate, 
although back length in males showed an unusually high 
CV (58.63%) compared with females (2.96%). Because the 
male back-length value (23.66 ± 13.87 mm) is markedly 
lower than the female value (154.26 ± 4.57 mm), this 
measurement should be verified against the original dataset 
before publication. Overall, the findings demonstrate 
substantial sexual differentiation in body size among 
traditionally managed Muscovy ducks in East Halmahera, 
North Maluku.

Qualitative phenotypic traits of male and 
female muscovy ducks (Cairina moschata) in 
wasile subdistrict 
The qualitative phenotypic traits of male and female 
Muscovy ducks (Cairina moschata) in Wasile Subdistrict 
were assessed based on six main characteristics, namely 

plumage color, shank color, bill color, comb morphology, 
ear lobe color, and skin pigmentation. The distribution of 
each character is presented in Figure 3.

Based on Figure 3, the variation in qualitative phenotypic 
traits of Muscovy ducks in Wasile Subdistrict showed 
different distributions between males and females. For 
plumage color, male ducks were predominantly white, 
accounting for 53 individuals (88.3%), whereas female 
ducks were mainly characterized by black–white plumage, 
comprising 68 individuals (85.0%). Pure black plumage 
was observed exclusively in female ducks, with a very low 
frequency (1.2%). Regarding shank color, male ducks 
were predominantly yellow, with 32 individuals (53.3%), 
followed by a yellow–black combination in 20 individuals 
(33.3%), and black in 8 individuals (13.3%). In contrast, 
female ducks showed a different pattern, with the most 
common shank color being yellow–black (53 individuals; 
66.2%), followed by black (17 individuals; 21.3%) and 
yellow (10 individuals; 12.5%). For bill color, nearly all 
male Muscovy ducks exhibited a black–white bill pattern, 
accounting for 58 individuals (96.7%), while the pink bill 
color was observed in only 2 individuals (3.3%). In contrast, 
female ducks were predominantly characterized by a black–
pink bill combination, comprising 67 individuals (83.8%), 
whereas other categories such as white–pink, white–black, 
black, pink, and black–white were recorded at relatively 
low frequencies. 
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Table 2: Quantitative phenotypes of male and female entok in East Wasile subdistrict.
Variable Male (n=78) X̄ ± SD CV Male (%) Female (n=80) X̄ ± SD CV Female (%)
Body Weight (g) 2445.60 ± 265.42 10.85 1479.03 ± 337.89 22.85
Tarsometatarsus (mm) 137.15 ± 7.90 5.76 123.07 ± 12.10 9.83
Beak Length (mm) 46.65 ± 3.56 7.63 47.22 ± 6.67 14.13
Back Length (mm) 229.66 ± 88.99 38.75 144.61 ± 11.64 8.05
Chest Width (mm) 129.24 ± 15.16 11.73 93.65 ± 21.31 22.75
Chest Circumference (mm) 411.66 ± 15.77 3.83 316.66 ± 16.67 5.26

Abbreviations: X̄, mean; SD, standard deviation; CV, coefficient of variation.

Regarding comb morphology, all male ducks exhibited a 
round comb shape (100%). Among females, the round comb 
shape was also predominant, occurring in 70 individuals 
(87.5%), whereas an elongated-round comb shape was 
observed in 10 individuals (12.5%). Ear lobe coloration 
differed between sexes. Male ducks were predominantly 
characterized by red ear lobes, observed in 36 individuals 
(60.0%), while 24 individuals (40.0%) had white ear lobes. 
In contrast, white ear lobes predominated among females, 
occurring in 66 individuals (82.5%), whereas red ear 
lobes were recorded in only 14 individuals (17.5%). Skin 
pigmentation showed a distinct pattern between sexes. All 
male ducks exhibited white skin (100%). Among females, 
pink skin was the predominant phenotype, occurring 
in 55 individuals (68.7%), followed by white skin in 13 
individuals (16.3%) and a white–pink combination in 12 
individuals (15.0%).

Population and genetic parameters in wasile 
The population parameter analysis of traditional Muscovy 
ducks in East Halmahera District revealed a relatively 
balanced population structure between males and females. 
A total of 140 individuals were observed, consisting of 60 
males and 80 females. Based on this composition, the sex 
ratio was estimated at 1:1.33, indicating approximately 75 
males per 100 females within the population. This relatively 
balanced sex ratio suggests that the duck population in the 
study area still has good reproductive potential and a relatively 
stable capacity for population sustainability. The estimated 
effective population size (Ne) was 137.14 individuals. This 
value represents the number of breeding individuals that 
genetically contribute to the next generation. The relatively 
large effective population size indicates that the Muscovy 
duck population in the study area still possesses a sufficient 
capacity to maintain genetic variation, with a relatively low 
risk of genetic diversity loss.	

In addition, the estimated inbreeding rate (F) was 0.0036 
per generation, equivalent to 0.36%. This value is considered 
low and indicates that the level of inbreeding within the 
traditional Muscovy duck population in East Halmahera 
remains at a safe threshold. A low inbreeding rate generally 
suggests that the exchange of individuals among farmers 
or an open management system is still occurring, thereby 

reducing the likelihood of mating between closely related 
individuals. Overall, the population parameters obtained 
indicate that the traditional Muscovy duck population in 
the study area remains in relatively good genetic condition, 
characterized by an adequate effective population size and a 
low level of inbreeding. This condition provides substantial 
opportunities for the conservation of local poultry genetic 
resources and for the development of sustainable breeding 
programs based on indigenous populations.

Morphometric characteristics and genetic 
parameters in east wasile subdistrict, east 
halmahera
Morphometric characteristics
The morphometric characteristics of traditional Muscovy 
duck (Cairina moschata) populations in East Wasile District 
were evaluated based on key quantitative traits, including 
body weight, tarsometatarsus length, beak length, back 
length, chest width, and chest circumference. The mean (X̄), 
standard deviation (SD), and coefficient of variation (CV) 
for each trait are presented in Table 2 and Figure 4A, B.

Figure 4: A: Morphometric comparison (mm) and B: 
Comparison of body weight (g) between male and female 
ducks from East Wasile Subdistrict.
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Table 2 and Figure 4A, B show that male Muscovy ducks 
generally exhibited larger body dimensions than females, 
particularly for body weight, tarsometatarsus length, back 
length, chest width, and chest circumference. Male body 
weight averaged 2445.60 ± 265.42 g, compared with 
1479.03 ± 337.89 g in females, whereas bill length was 
slightly greater in females (47.22 ± 6.67 mm) than in males 
(46.65 ± 3.56 mm). This pattern indicates pronounced 
sexual dimorphism in the morphometric traits of Muscovy 
ducks in East Wasile Subdistrict.

The CV values indicated trait-specific variation, ranging 
from 3.83–38.75% in males and 5.26–22.85% in females. 
Chest circumference showed the lowest variability in both 
sexes, whereas male back length exhibited the highest 
variation (38.75%). Overall, these findings demonstrate 
clear quantitative phenotypic variation between sexes in 
the Muscovy duck population of East Wasile Subdistrict.

Distribution of qualitative phenotypic traits 
of male and female east wasile subdistrict
Muscovy Ducks (Cairina moschata) in East Wasile 
Subdistrict. The distribution of qualitative phenotypic 
traits in male and female Muscovy ducks (Cairina 
moschata) from east Wasile District is presented in Figure 
5. The observed traits included plumage color, shank color, 
beak color, comb morphology, ear lobe color, and skin 
pigmentation. 

Based on Figure 5, plumage color in both male and female 

Muscovy ducks in East Wasile Subistrict was predominantly 
black–white. In males, 61 individuals (78.2%) exhibited 
black–white plumage, while a similar proportion was 
observed in females (63 individuals; 78.7%). Pure white 
and black plumage types occurred at lower frequencies 
in both sexes. For shank color, males were predominantly 
characterized by yellow shanks (42 individuals; 53.8%), 
whereas females were mainly characterized by black 
shanks (64 individuals; 80.0%), indicating a clear sex-
related divergence in shank pigmentation patterns.

Beak color showed a relatively similar distribution between 
sexes, with black–white being the most frequent phenotype. 
In males, 62 individuals (79.5%) exhibited black–white 
beak coloration, while in females this proportion reached 
64 individuals (80.0%). Pink and black–pink beak colors 
were observed at lower frequencies in both sexes. All male 
and female individuals (100%) exhibited a round comb 
morphology, indicating that this trait is highly fixed within 
the studied population. Ear lobe color was predominantly 
red in both sexes, with 50 males (64.1%) and 51 females 
(63.8%) showing this phenotype, while white ear lobes 
were observed in 28 males (35.9%) and 29 females (36.3%). 
For skin color, white pigmentation was the most common 
phenotype in both sexes, recorded in 55 males (70.5%) and 
56 females (70.0%). This was followed by white–pink (12 
males; 15.4% and 13 females; 16.3%) and pink (11 males; 
14.1% and 11 females; 13.8%), indicating a relatively 
consistent distribution pattern across sexes.

Figure 5: Percentage distribution of qualitative phenotypic traits in male (n = 78) and female (n = 80) Muscovy ducks 
(Cairina moschata) from East Wasile Subdistrict, East Halmahera Regency, North Maluku Province. Panels represent 
(A) coat colour, (B) shank colour, (C) beak colour, (D) comb shape, (E) ear colour, and (F) skin tone.
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Population and genetic parameters in east 
wasile district
Based on the analysis of Muscovy duck (Cairina moschata) 
populations in East Wasile Subdistrict, comprising 78 
males (Nm) and 80 females (Nf ), several population and 
genetic parameters were estimated, including effective 
population size, inbreeding rate, and sex ratio. The effective 
population size (Ne) was estimated at 157.97 individuals. 
This parameter reflects the number of breeding individuals 
that effectively contribute to gene transmission across 
generations and thus determines the genetic structure of 
the population. 

The estimated inbreeding rate (ΔF) was 0.0031 per 
generation (0.31%), indicating a low rate of inbreeding 
accumulation within the studied population. This suggests 
that the population maintains a relatively high level of 
genetic variability and has not yet experienced significant 
inbreeding pressure. In addition, the sex ratio was 1:1.02 
(male: female), indicating a nearly balanced population 
structure. Such a balanced sex ratio is generally favorable 
for maintaining reproductive efficiency and ensuring 
population sustainability under traditional management 
systems. Overall, the population and genetic parameters 
indicate that the Muscovy duck population in Wasile 
Timur District is currently in a relatively stable genetic 
condition. However, proper mating management strategies 
are still required to maintain genetic diversity and prevent 
potential increases in inbreeding in future generations.

DISCUSSION 

Morphometric characteristics of muscovy 
ducks in Wasile subdistrict 
Male Muscovy ducks (Cairina moschata) showed greater 
body dimensions than females for most morphometric 
traits, indicating clear sexual dimorphism characteristic of 
domestic poultry.

These biological mechanisms contribute to differential 
energy allocation, resulting in larger body size and more 
robust skeletal development in males compared to females 
(Libanio et al., 2025). The significantly higher body weight 
observed in male Muscovy ducks compared to females 
in the present study is consistent with previous reports 
indicating that males can attain nearly twice the body mass 
of females. This agreement with earlier findings further 
confirms the presence of pronounced sexual dimorphism 
in Muscovy duck populations (Yalwandamai et al., 2025).

These characteristics indicate that male Muscovy ducks 
possess a greater body capacity, particularly in the thoracic 
region, which is closely related to the development of the 
pectoralis muscles that play a key role in meat production. 

(Linh et al., 2022). Larger chest circumference in males 
is also often used as an indicator of meat production 
potential in local poultry. The size difference in the variable 
tarsometatarsus also shows a similar tendency, where 
male Muscovy has a longer size compared to females. 
Tarsometatarsus length is often used as an indicator of 
skeletal size and weight support in poultry (Libanio et al., 
2025). Some studies suggest that tarsometatarsus size has 
a positive correlation with body weight and overall body 
size in local poultry (Putra et al., 2022).

In traditional rearing systems, unstandardized feed and 
heterogeneous environmental conditions can lead to 
considerable morphometric variation in local poultry 
populations (Ramandhani et al., 2025). In general, the 
results of this study show that the Muscovy population in 
the Wasile region has a fairly high phenotypic diversity, 
which is a common characteristic in local livestock that is 
extensively raised by smallholder farmers. Such phenotypic 
diversity is particularly important in the context of the 
conservation of livestock genetic resources, as populations 
with high phenotypic variation tend to have better 
adaptability to environmental changes (Man et al., 2026).

In addition, morphometric characteristics can also be 
used as a basis for local livestock breeding and selection 
programs. Morphometric analysis is often used as an initial 
method to identify the genetic potential and population 
structure of livestock before more complex molecular 
analyses are undertaken (Libanio et al., 2025). Therefore, 
information on the morphometric characteristics of local 
Muscovy in East Halmahera has an important value 
as a data baseline for the development of conservation 
programs and the increase in productivity of local Muscovy 
in the Indonesian archipelago. Overall, the morphometric 
differences between male and female Muscovy found in 
this study suggest that the entok population in the study 
area still retains the normal biological characteristics 
commonly found in Cairina moschata species. However, 
good breeding management is still needed to maintain 
the sustainability of the population and maintain existing 
genetic diversity.

Qualitative phenotypic character of muscovy 
in Wasile subdistrict
Character distribution of Muscovy Qualitative Phenotype 
Figure 3. The results of the analysis of the qualitative 
phenotype character of entok in Wasile District showed 
that there was a fairly high phenotype diversity in several 
main traits, especially the color of feathers, shank, beak, 
and skin color. This variation indicates that the entok 
population in the region is still genetically heterogeneous 
and has not undergone strict targeted selection, so allele 
variation is still fairly maintained in the population 
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(Ramandhani et al., 2025).
 
Plumage color was predominantly white in males (88.3%) 
and black-white in females (85.0%). This pattern suggests 
the presence of sex-based phenotypic dimorphism, which 
is common in domestic poultry due to differences in 
autosomal gene expression and environmental interactions 
(Zhang et al., 2024). In the shank character, males are 
dominated by yellow (53.3%), while females show more 
yellow-black (66.2%). This variation in the color of the 
shank is closely related to the deposition of melanin and 
carotenoid pigments, which are influenced by genetic 
and nutritional factors (Reinke et al., 2025). Males are 
dominated by black-and-white (96.7%), while females 
are dominated by black-pink (83.8%). This phenotypic 
variation indicates a strong phenotypic polymorphism, 
which is often found in livestock populations with low to 
moderate inbreeding rates (Tamzil et al., 2018). The crest 
shape of both sexes is dominated by round shapes (100% 
males and 87.5% females), indicating that this character 
is relatively genetically stable and has low variability. The 
stability of this phenotype suggests the possibility of 
simple genetic control with little environmental influence.

Ear color showed a predominance of red in males (60.0%) 
and white in females (82.5%), indicating differences in 
sex-limited hormonal expression. This character is often 
used as an indicator of phenotypic selection in local 
poultry studies. Skin color shows a very clear difference, 
where all males (100%) have white skin, while females 
are more diverse, with pink dominance (68.7%). This 
variation indicates the presence of a fairly high genetic 
polymorphism in the female population, which can be 
influenced by a combination of genetic, environmental, 
and maintenance management factors (Qi et al., 2025). 
Overall, these results suggest that the entok population 
in Wasile still has a high qualitative phenotype diversity, 
which is an important indicator in the conservation of 
local livestock genetic resources. This diversity is very 
important to maintain the resilience of the population to 
natural selection and environmental pressures, as well as to 
be the basis for the development of locally-based breeding 
programs.

Muscovy population and genetic parameters in 
wasile subdistrict
The traditional Muscovy duck population exhibited a 
relatively stable structure, comprising 60 males and 80 
females (sex ratio 1:1.33), indicating a balanced breeding 
population. The sex ratio structure is one of the important 
indicators in the evaluation of population dynamics and 
reproductive capacity in local poultry (Widianingrum 
et al., 2020). The relatively balanced sex ratio suggests 
favorable reproductive potential for maintaining 

population sustainability. In traditional farming systems, 
females are generally retained in greater numbers because 
of their essential roles in egg production and population 
regeneration. Therefore, the dominance of females in the 
entok population in the study area can be considered as a 
pattern commonly found in local poultry rearing systems 
in various tropical regions.

The effective population size (Ne) was estimated at 137.14 
individuals. Effective population size is an important 
parameter in population genetics because it describes the 
number of individuals who genetically contribute to the 
next generation (Hazard et al., 2024; Ye et al., 2025). The 
relatively high Ne value indicates that the entok population 
in the study area still has the capacity to maintain genetic 
variation in the long term. Populations with large Ne values 
generally have a lower risk of genetic variation loss due to 
genetic drift compared to populations with small effective 
sizes (Ye et al., 2025). In the context of livestock genetic 
resource conservation, effective population values greater 
than 50 individuals are generally considered sufficient to 
prevent the occurrence of inbreeding depression in the 
short term, while values above 100 individuals are required 
to maintain genetic variation in the long term. Thus, the 
Ne value of 137.14 in the entok population in the study 
area indicates that the population is still in a relatively safe 
condition from the risk of genetic erosion.

In addition to effective population size, another important 
parameter in population genetics is the inbreeding rate. The 
results of this study showed that the value of the inbreeding 
rate (F) was 0.0036 per generation or around 0.36%. This 
value is relatively low and shows that the rate of marriage 
between individuals who have close kinship relationships 
is still relatively limited. Low inbreeding rates usually 
indicate individual exchanges between groups of breeders 
or open breeding systems, thereby increasing gene flow in 
the population (Suhartati and Arlina, 2025; Wu, 2021). 
In traditionally raised local livestock populations, the 
exchange of males between breeders often occurs naturally 
through semi-extensive rearing systems or through the 
practice of buying and selling livestock between villages. 
These conditions can increase gene flow in the population 
and help reduce the risk of increased inbreeding. Several 
studies on local poultry in different countries also reported 
that traditional rearing systems tend to produce relatively 
low inbreeding values compared to closed breeding systems 
(Cendron et al., 2018; Guteta, 2021).

Without proper breeding management, geographically 
isolated populations remain vulnerable to increased 
inbreeding over time. Therefore, monitoring effective 
population size and inbreeding rates is essential for 
conserving local genetic resources. The present study 
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indicates that traditional Muscovy ducks in East Halmahera 
maintain favorable genetic conditions, characterized by a 
balanced sex ratio, a large effective population size, and 
a low inbreeding rate, providing a strong foundation for 
sustainable conservation and breeding programs.

Morphometric characteristics of muscovy 
ducks in East Wasile subdistrict
The results of morphometric analysis in Figure 4A, B showed 
that the Muscovy duck (Cairina moschata) traditionally 
kept in East Wasile District had a clear pattern of sexual 
dimorphism in most of the morphometric characters 
observed. Sexual dimorphism is a common characteristic 
in domestic poultry, where male individuals usually have a 
larger body size compared to females due to the influence 
of genetic, hormonal, and different growth rates (Fatmona 
et al., 2025, 2026). In this study, the average body weight 
of male entok reached 2445.60 g, while female entok was 
only 1479.03 g. 

The difference in body weight shows a difference in 
growth capacity between the two sexes. Several previous 
studies on entok populations in different countries have 
also reported a similar pattern, where male entok has a 
body weight 1.5 to 2 times greater than females (Adeola 
et al., 2022). This difference is mainly due to higher 
androgen hormone activity in males which plays a role in 
increasing muscle tissue growth and skeletal development. 
In addition to body weight, size differences are also seen 
in the character of tarsometatarsus length. The average 
length of the tarsometatarsus in males reaches 137.15 
mm, while in females it is 123.07 mm. Tarsometatarsus 
length is often used as an indicator of skeletal size and 
weight-bearing capacity in poultry (Susanto et al., 2018; 
Herrera-castillo et al., 2022; Putra et al., 2022). The longer 
size of the tarsometatarsus in male entok suggests that 
male individuals have a larger skeletal structure to support 
a higher body weight.

The difference in body size is also reflected in the variables 
of chest size and back length. Male entok has a larger 
chest width and chest circumference compared to females. 
Chest circumference is one of the important indicators 
in the evaluation of meat production potential in poultry 
because it is related to the development of the pectoralis 
muscle which is the main component of poultry meat 
(Michel et al., 2025; Ramandhani et al., 2025). The larger 
breast dimensions of male Muscovy ducks indicate greater 
meat production potential than females. In contrast, 
females exhibited slightly longer beaks, possibly reflecting 
adaptation to foraging behavior under traditional semi-
extensive management. Most morphometric traits showed 
low to moderate coefficients of variation, indicating 
relatively uniform phenotypic characteristics shaped by 

both genetic and environmental influences.

However, some characters such as the width of the chest in 
female muscovy show relatively high diversity coefficient 
values. Large variations in certain characters can be caused 
by several factors, including differences in individual 
age, maintenance system, feed quality, and differences in 
genetic background between individuals in the population 
(Zhang et al., 2021; Kadurumba et al., 2022; Yu et al., 2023; 
Li et al., 2024; Ren et al., 2024; Sun et al., 2024). Overall, 
traditional Muscovy ducks in East Halmahera exhibit large 
body size and adequate phenotypic variation, highlighting 
their potential for genetic improvement, conservation, and 
selection in smallholder production systems.

Qualitative phenotypic character of muscovy 
in East Wasile subdistrict
The distribution of qualitative phenotypic traits of male 
and female Muscovy ducks (Cairina moschata) in East 
Wasile Subdistrict is presented in Figure 5. The observed 
traits include plumage color, shank color, beak color, comb 
shape, ear lobe color, and skin color. Qualitative phenotypic 
characteristics in local poultry are important indicators 
for identifying morphological diversity and assessing 
the genetic resource potential of indigenous livestock 
(Manyelo et al., 2020; Moftah et al., 2025). The Muscovy 
duck population in East Wasile was predominantly 
characterized by black–white plumage in both sexes. This 
common phenotype reflects genetic variation in feather 
pigmentation and is likely maintained by natural selection 
and uncontrolled mating under traditional extensive 
management systems (Tu et al., 2019; Sun et al., 2024; 
Ramandhani et al., 2025).
 
Shank color differed between sexes, with yellow 
predominating in males and black in females. This 
variation is primarily determined by genetic regulation 
of carotenoid and melanin pigmentation, with additional 
influences from nutrition and environmental conditions 
(Deng et al., 2025). Shank color is also frequently used 
as a phenotypic marker in the characterization of local 
livestock, as it is relatively stable and easily observed in 
traditionally managed poultry populations (Michel et al., 
2025; Moftah et al., 2025; Ramandhani et al., 2025). The 
beak color trait in the Muscovy duck population in East 
Wasile Subdistrict is predominantly characterized by a 
black–white coloration pattern in both males and females. 
Beak coloration in poultry is a phenotypic trait influenced 
by the combined effects of melanin and carotenoid 
pigments that accumulate in the keratinized tissues of the 
beak (Ramandhani et al., 2025)). 

The low variation in beak color indicates a relatively 
uniform phenotype, likely reflecting a shared genetic 
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background. Likewise, all Muscovy ducks exhibited a 
round comb, suggesting that this is the predominant 
morphological trait in the studied population and a useful 
characteristic for breed identification (Tambiev et al., 2021). 
In addition, several studies have shown that the character 
of the crest can also be influenced by hormonal factors and 
the physiological condition of the birds (Fatmona et al., 
2024; Holt et al., 2024). The distribution of ear lobe color 
indicates that red coloration is more dominant than white 
in both sexes. Ear lobe color in poultry is often associated 
with genetic traits related to eggshell color and tissue 
pigmentation systems (Thirunavukkarasu et al., 2024). 
Variation in ear lobe color in local poultry populations is 
often reported as an indicator of genetic diversity within 
traditionally managed livestock populations. 

Skin color traits in both male and female Muscovy ducks 
are predominantly white, followed by white–pink and 
pink variations. Skin color in poultry is a phenotypic trait 
influenced by the interaction of carotenoid and melanin 
pigments, as well as genetic factors regulating pigment 
deposition in skin tissues (Libanio et al., 2025). Variation 
in skin color is associated with genetic background 
and natural mating under traditional management 
systems. Overall, the observed qualitative traits indicate 
substantial morphological diversity, highlighting the 
genetic value of the East Wasile Muscovy duck population 
for characterization, conservation, and future breeding 
programs.

Muscovy population and genetic parameters in 
East Wasile subdistrict
Population parameter analysis of traditionally reared 
Muscovy ducks (Cairina moschata) in East Wasile 
Subdistrict revealed a relatively stable population structure. 
A total of 78 males and 80 females were recorded, resulting 
in a nearly balanced sex ratio of 1:1.02. This balanced 
ratio supports reproductive efficiency and the long-term 
sustainability of the population (Lucas-Domínguez et 
al., 2025). In livestock population genetics, sex ratio 
directly influences effective population size (Ne), with 
imbalanced ratios reducing Ne and increasing the risk of 
genetic variation loss (Chapuis et al., 2024). Therefore, the 
relatively balanced sex ratio observed in the Muscovy duck 
population in the study area indicates a good reproductive 
potential and the ability to maintain gene flow across 
generations.

The estimated effective population size (Ne) in this study 
was 157.97 individuals. Effective population size is a key 
parameter in conservation genetics, as it represents the 
number of individuals that genetically contribute to the 
next generation (Monira et al., 2026). A relatively high Ne 
value in the studied Muscovy duck population indicates 

that the population still has a good capacity to maintain 
genetic diversity in the long term. According to previous 
studies, livestock populations with an Ne value above 50 
are generally still able to retain genetic variation in the 
short term, whereas an Ne value above 100 is considered 
more secure for long-term genetic sustainability (Rochus 
et al., 2025). In addition to effective population size, 
another important parameter in population genetic 
evaluation is the inbreeding rate. The results of this study 
indicate an inbreeding rate (ΔF) of 0.0031, or 0.31% per 
generation. This value is considered low and remains below 
the commonly recommended threshold for livestock 
population management, which is approximately 1% per 
generation (Wilson et al., 2026). A low inbreeding rate 
indicates that the probability of mating between closely 
related individuals remains relatively small.

The low inbreeding level is likely attributable to the 
semi-extensive management system, where free-ranging 
practices and the exchange of breeding stock among 
farmers promote gene flow and maintain genetic diversity. 
However, unmanaged small or geographically isolated 
populations remain vulnerable to inbreeding (Vostry 
et al., 2024). Therefore, proper mating management is 
still required to ensure that the genetic diversity of the 
population is maintained. Several strategies that can be 
implemented include the exchange of breeding males 
among farmers, male rotation, and the establishment of a 
community-based breeding program.

Overall, the traditional Muscovy duck population in 
East Halmahera exhibits favorable genetic conditions, 
characterized by a large effective population size, a 
balanced sex ratio, and low inbreeding. These findings 
support its potential for sustainable breeding, conservation, 
and genetic resource management in the Indonesian 
archipelago.
	
CONCLUSIONS AND 
RECOMMENDATIONS

The traditionally managed Muscovy duck (Cairina 
moschata) population in East Halmahera exhibits clear 
sexual dimorphism, low to moderate phenotypic variation, 
a relatively large effective population size, and a low 
inbreeding rate, indicating favorable genetic conditions 
for sustainable breeding and conservation of local poultry 
genetic resources. This study was limited to phenotypic 
characterization and population genetic parameter 
estimation and did not include histological analyses. Future 
studies should integrate morphometric, histological, and 
molecular approaches to provide a more comprehensive 
understanding of the biological mechanisms underlying 
phenotypic variation and to support more effective 
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breeding and conservation strategies for indigenous 
Muscovy ducks.
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