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Abstract. Sophian A, Abinawanto, Nisa UC, Fadhillah. 2021. Morphometric analysis of Gorontalo (Indonesia) native chickens from six
different regions. Biodiversitas 22: 1757-1763. Research on the diversity of Gorontalo native chickens based on morphometric analysis
of body weight, leg length, head length, head length to beak and head width was conducted. This study was conducted to identify the
diversity of native chickens in six regions spread across Gorontalo Province, Indonesia. The method used in conducting statistical
analysis is the principal component analysis (PCA) method. This method was performed to identify which morphometric factors play a
role in relationship analysis of Gorontalo native chickens. Based on statistical analysis, it was found that of the 5 variables used in this
study, 3 variables had Measure of Sampling Adequacy (MSA) values > 0.5 ranged from 0.537 to 0.648, namely body weight, leg length,
and head length. Meanwhile, the other 2 variables, namely Head to Beak Length and Head Width, have MSA values <0.5 with values of
0.313 and 0.316. This causes the other 2 variables to be used as a differentiating variable in analyzing the relationship between native
chickens from six different regions scattered in the Gorontalo Province. The morphometric analysis of body weight means that the
chickens sampled from Boalemo were morphometrically the largest in size, while the chickens sampled from Pohuwato were
morphometrically the smallest. Chickens sampled from North Gorontalo, Bone Bolango, and Gorontalo City tended to be more uniform
when compared to the chickens sampled from Pohuwato and Boalemo areas, while for Gorontalo District it was larger in size than

Pohuwato, North Gorontalo, Bone Bolango, and Gorontalo City, but smaller than Boalemo.
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INTRODUCTION

Gorontalo native chickens are local chickens that the
people of Gorontalo breed as livestock to fulfill their daily
needs. Apart from meat, eggs are also an important
economic value for people who raise free-range chickens.
Compared to broilers, native chickens tend to have better
body resistance to disease when compared to broilers
(Desta and Wakeyon 2012). Thus, native chickens are
preferred to be used as livestock compared to broilers.
Free-range chicken is a unique genetic resource (Wragg et
al. 2012; Wijayesena et al. 2014), a source of food security
for rural households (Cabarles et al. 2012; Magothe et al.
2012; Desta et al. 2013). However, a comprehensive study
on biodiversity of this unique genetic resource has not been
done. The future challenge in researching the biodiversity
of native chickens is how to analyze the diversity of species
originating from different areas, finding what factors
influence it, and determining what variables can be used as
benchmarks in the analysis of its diversity. One type of
approach that is commonly used to analyze species
diversity is to use morphometric analysis.

Morphometrics deals with shape analysis and shape
variation between specimens of a single population of
distinct populations (Bookstein  1991; Slice 2007).
Morphometrics is frequently used to answer various
concerns about morphological evolution and species

diversity by studying specific differentiation processes or
quantifying morphological disparity through time and/or
space. Moreover, it is increasingly used for evolutionary
study (Laffont et al. 2011). Several reports show
morphometric analysis was used to analyze the diversity of
species in chickens. Liyanage et al. (2015) showed that
body morphometrics can be used to analyze species
diversity of local chickens and native chickens in Sri
Lanka. In addition, morphometric analysis has been done
also in Bangkok and dwarf chickens (Sitanggang et al.
2016), Indonesian local chickens (Mariandayani et al.
2013; Sitanggang et al. 2016), chicken Sentul, Kedu
chicken and boiler chicken (Mariandayani et al. 2013).
Several morphometric parts of the body that have been
analyzed include shank length, trunk length, chest girth,
comb length, body length, wing length, sternum length and
shank circumference (Ferdaus et al. 2019). In Indonesia,
similar research has been conducted by Putranto et al.
(2018), wherein his research using Burgo chicken which
was analyzed its diversity with native chickens.

So based on this background, this study was conducted
to analyze the diversity of native chicken species sampled
from six regions in Gorontalo Province through the body
morphometric approach which never been done. The
purpose of this research was to become a source of
information in the future in conducting research related to
the diversity of chicken species in a population or area.



1758

Besides, this research is expected to provide information
about the local genetic resources of Gorontalo native
chicken species.

MATERIALS AND METHODS

Study area

This research was conducted in 6 districts/cities
Gorontalo Province, Indonesia, namely: Gorontalo City,
Bone Bolango District, North Gorontalo District, Gorontalo
District, Boalemo District, and Pohuwato District (Figure
1).

Sample

The sample used was 36 male native chickens, each
sampled 5 chickens from 6 regions. The sample was then
measured for body morphometrics, including body weight,
leg length, head length, head to beak length, and head
width. This parameter was selected from the part that was
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considered to be representative morphometrics in chickens
for analysis.

Statistic analysis

The statistical analysis used to perform the
morphometric analysis is PCA analysis (principal
component analysis). This analysis was carried out to see
which morphometric variables affected the diversity of
Gorontalo native chickens which were sampled from 6
different regions. After knowing the influencing variables,
a comparison analysis graph of the body morphometric
mean of each sample area was made to compare the
variability.

RESULTS AND DISCUSSION

Morphometric data
Samples used in this study were collected from six
different regions. The chickens are shown in Figure 2.
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Figure 1. Map of research locations in Gorontalo Province, Indonesia. A. Gorontalo City, B. Bone Bolango District, C. North Gorontalo
District, D. Gorontalo District, E. Boalemo District, F. Pohuwato District
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The morphometric analysis results showed that the
average body weight of the Gorontalo City chicken was
1.53 kg, Bone Bolango 1.53 kg, North Gorontalo 1.51 kg,
Gorontalo District 1.67 kg, Boalemo 1.79 kg, Pohuwato
1.33 kg. The average length of the leg length of the urban
native chicken is 8.46 cm, Bone Bolango is 8.50 cm, North
Gorontalo is 8,452 cm, Gorontalo District is 8.76 cm,
Boalemo is 9.28 cm, and Pohuwato is 8.12 cm. The
average length of the head of urban native chickens is 5.02
cm, Bone Bolango 5.00 cm, North Gorontalo 5.00 cm,
Gorontalo District 5.00 cm, Boalemo 5.13 cm, Pohuwato
5.02 cm. The average length of the head to the beak of
urban native chickens is 5.65 cm, Bone Bolango 6.60 cm,
North Gorontalo 5.96 c¢m, Gorontalo District 6.38 cm,
Boalemo 6.70 cm, Pohuwato 6.30 cm and the average head
width of urban native chickens is 3.06 cm, Bone Bolango
3.00 cm, North Gorontalo 3.00 cm, Gorontalo District 3.00
cm, Boalemo 3.00 cm, Pohuwato 2.96 cm. The complete
morphometric average data are presented in Table 1.

Based on the morphometric data (Table 1), statistical
analysis was then carried out. The first step taken is to test
the adequacy of the sample or the feasibility of a variable
through the Kaiser-Meyer-Olkin (KMO) and Bartlett's
Test. The Kaiser-Meyer-Olkin Measure of Sampling
Adequacy (KMO MSA) Index criteria and the significance
value of Bartlett's Test of Sphericity are if the KMO value
is between 0.5 to 1 and the significance of Bartlett's Test of
Sphericity is less than the significance level (a¢ = 0.05 )
used means that factor analysis is appropriate to use. Based
on the data from the processing results, it was found that
the KMO MSA value was 0.522 > 0.5 and Bartlett's Test of
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Sphericity significance value was 0.000 <0.05, so it can be
concluded that the factor analysis in this study can be
continued because it meets the requirements.

The next step was continued with the Anti-image
Matrice analysis (Table 2). This analysis is used to
determine whether the research items are adequate and to
determine what items are suitable for further analysis. To
find out, it can be seen on the value of the matrix which has
an "a" sign, which means a sign for the Measure of
Sampling Adequacy (MSA). If the MSA value is greater
than 0.5 then the item is sufficient for further analysis. If
there is a variable with an MSA value <0.5, then the re-
analysis process is carried out only on the variable with an
MSA value> 0.5.

From Table 2, it is known that of the 5 variables used in
the study, 3 variables have MSA values > 0.5 with values
ranging from 0.537 to 0.648, namely Body Weight, Leg
Length, and Head Length. While the other 2 variables,
namely Head to Beak Length and Head Width, have MSA
values <0.5 with values of 0.313 and 0.316. So it can be
concluded that the second requirement for factor analysis
was not met. Therefore, retesting was done by excluding
variables with MSA values <0.5.

The results of retesting the data using KMO and MSA
analysis obtained a value of 0.567> 0.5 and a significance
value of Bartlett's Test of Sphericity is 0.000 <0.05, so it
can be concluded that the repeat analysis of the factors in
this study is bodyweight, leg length, and head length can be
continued for anti-image analysis because it meets the
requirements.
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Figure 2. Sampled chickens from six different regions in Gorontalo Province, Indonesia. A. Gorontalo City, B. Bone Bolango District,
C. North Gorontalo District, D. Gorontalo District, E. Boalemo District, F. Pohuwato District
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Table 1. Morphometric average data of Gorontalo (Indonesia) native chickens (n =5 of each location)

Sample location Bodyweight (kg) Leg length (cm)

Head to beak

Head length (cm) Head width (cm)

length (cm)
Gorontalo City 1.53 8.46 5.02 5.65 3.06
Bone Bolango 1.53 8.50 5.00 6.60 3.00
North Gorontalo 1.51 8.52 5.00 5.96 3.00
Gorontalo District 1.67 8.76 5.00 6.38 3.00
Boalemo 1.79 9.28 5.13 6.70 3.00
Pohuwato 1.33 8.12 5.02 6.30 2.96
Table 2. Anti-image matrices analysis
Bodyweight Leglength  Head length Head to beak Head width

Parameters (kg) (cm) (cm) length (cm) (cm)
Anti-image Body weight (kg) .228 -.156 .039 112 -.137
Covariance Leg length (cm) -.156 .168 -.142 -.051 .047

Head length (cm) .039 -.142 410 -.115 154

Head to beak length (cm) 112 -.051 -.115 726 -.339

Head width (cm) -137 .047 154 -.339 .633
Anti-image Body weight (kg) 5372 -.796 128 275 -.360
Correlation Leg length (cm) -.796 .5592 -.542 -.145 144

Head length (cm) 128 -542 6482 -211 .302

Head to beak length (cm) .275 -.145 =211 3132 -.499

Head width (cm) -.360 144 .302 -.499 .3162

Note: a: Measures of Sampling Adequacy (MSA)

Table 3. Anti-image matrices analysis of retest results

Leg length (cm) Head length (cm)

Parameters Body weight (kg)
Anti-image covariance Body weight (kg) .266

Leg length (cm) -173

Head length (cm) .096
Anti-image correlation Body weight (kg) 5707

Leg length (cm) -.804

Head length (cm) 278

-173 .096
173 =177
=177 453
-.804 278
.5392 -.631
-.631 .6142

Note: a: Measures of Sampling Adequacy (MSA)

From the Table 3, it is known that of the 3 variables
tested again, all of them had MSA values> 0.5 with values
ranging from 0.539 to 0.614, namely Body Weight, Leg
Length, and Head Length. Then it can be concluded that
the second requirement for factor analysis is met. The
results of the extraction method using principal component
analysis showed that body weight, leg length and head
length have values ranging from 0.668 to 0.929 where all
items have a value greater than 0.5, it can be concluded that
all research items can be used to explain the pattern of
relationship relationships between native chickens located
in 6 districts/ cities, i.e. Puhuwato District, Boalemo
District, North Gorontalo District, Gorontalo District, Bone
Bolango District, and Gorontalo City.

The analysis was then continued to see from the three
factors, which factor had the greatest impact to analyze the
relationship between the diversity of Gorontalo native
chickens. The number of factors to be formed is determined
by combining several criteria to obtain the number of
factors that best match the research data. The Total
Variance Explained analysis results show the value of each
item analyzed in this study where there are 3 components,

which means that 3 items are being analyzed. There are 2
types of analysis from the table above to explain a
variance, namely Initial Eigenvalues and Extraction Sums
of Squared Loadings.

The first criterion used is the Initial Eigenvalues that
have been determined in SPSS, namely 1. Factors that have
an eigenvalue more than 1 will be maintained, and factors
with an eigenvalue less than 1 will not be included in the
model. From the table above, it is obtained that the
eigenvalues are greater than 1, there is 1 component,
namely in component 1.

The second criterion is the determination based on the
percentage of variance which can be explained by the
number of factors to be formed. From the table above, it
can be interpreted concerning the cumulative total variance
of the sample. If the variables are summarized into several
components, the total variance value can be explained as
follows. If 3 items are extracted into 1 component, a total
variance of 2.380 / 3 x 100% = 79.323%., If 3 items are
extracted into 2 components, a total variance of 0.514 / 3 x
100% = 17.122% is obtained and if 3 items are extracted it
becomes 3 components, obtained a total variance of 0.107 /
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3 x 100% = 3.555%. By simplifying the initial research
items into 1 component, the resulting cumulative total
variance can explain the total items of 79.323%, meaning
that from 1 factor formed can represent the 3 research items
used.

The third criterion is a determination based on the scree
plot. The scree plot is a plot of the eigenvalues against the
number of components formed which can be seen by
looking at the component points that have eigenvalues> 1.
From the analysis, the results show that there is 1
component point that has an eigenvalue> 1, it can be
concluded that there is 1 component. which can be formed
to represent the 3 research items used.

The Component matrix analysis results show the
correlation value or the relationship between each variable
and the formed factors. After it is known that 1 component
is the most optimal number, the component matrix table
shows the distribution of the 3 research items in 1 formed
component. In contrast, the numbers in the table are factor
loadings, which shows the magnitude of the correlation
between the research items and the components formed.
Based on the analysis, it is known that Body Weight (Kg)
has a correlation value with component 1 of 0.885, Leg
Length (cm) has a correlation value with component 1 of
0.964, and Head Length (cm) has a correlation value with
component 1 of 0.818.

So based on the results of statistical analysis, of the five
morphometric variables analyzed, 2 variables were
considered unable to be used as variables to analyze the
patience relationship of Gorontalo native chickens which
were spread out in six sampling areas, the two variables
were head to beak length and head width. However, 3
variables can be used as parameters to analyze the diversity
of Gorontalo native chickens, namely body weight, leg
length, and head length.

Research conducted by Iskandar et al. (2006) revealed
that body weight can be used to analyze species diversity in
native chickens. In his research, which was conducted on
native chickens, the results were quite varied between
native chickens sampled from several locations. A study
conducted by Petrus et al (2011), found that the weight of
chickens in each Sherpur district in Bangladesh can be used
to perform diversity analysis. Tabassum et al. (2014) did
the same thing but got different results. In general, uniform
results have been found that body weight in chickens is a
morphometric part that is often used to analyze the
diversity of species variations in local chickens (Negassa et
al. 2014; Al-Qamashoui et al. 2014). Meanwhile, there are
other studies reveal that leg length can be used to analyze
the diversity of local chicken species (Guni and Katule
2013; Badubi et al. 2006).

In Figure 3, it can be seen that in the parameter of leg
length, the chickens sampled from Boalemo have a longer
size when compared to other areas, as well as in the
parameters of head length and body weight.
Morphometrically, the sampled chickens from Boalemo
had a heavier body weight compared to the chickens
sampled from other regions, while for lighter body weights
were occupied by the chickens sampled from Pohuwato.
Likewise, with the length of the legs, the chickens sampled
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from Boalemo morphometrically had a longer leg length
compared to chickens sampled from other areas, while for
the shortest leg lengths the chickens sampled from
Pohuwato had. Similar to the length of the head, the
chickens sampled from Boalemo morphometrically had a
longer head size when compared to the chickens sampled
from other areas, while the smaller head sizes were owned
by the chickens sampled from Pohuwato. Chickens
sampled from North Gorontalo, Bone Bolango, and
Gorontalo City districts tended to be more uniform when
compared to the Pohuwato and Boalemo areas, while for
Gorontalo District it was larger in size than Pohuwato,
North Gorontalo, Bone Bolango, and Gorontalo City, but
smaller than Boalemo. The differences in this variation can
be caused by several factors, including genetic and
environmental factors. Besides that, Boalemo as an area
that has more agricultural resources when compared to
other regions is also the main factor why the morphometric
growth of native chickens from this area is quite high when
compared to other regions.

The phenotype morphometric trait of the body can be
influenced by the number of gene pairs (polygenes) and is
also influenced by environmental factors. Developmental
factors (Young et al. 2017), and domestication factors are
two things that also play a role in the morphometric
diversity of poultry (Felice and Goswami 2018; Bright et al
2016). When viewed from environmental geographic
conditions, the samples sampled from urban areas
(Gorontalo City) tend to have a relationship with Bone
Bolango, Gorontalo District, and North Gorontalo. This is
because the city area is a trading center where the source of
chickens that are traded in this region can come from other
areas. This is one reason why the results of the body
morphometric analysis of chickens in these three locations
tend to be more similar compared to other areas.
Geographical factors influence the isolation pattern and
diversity of chicken species (Ngeno et al. 2014; Moraa et
al. 2015). Lyimo et al. (2014), in their research, analyzed
the relationship between heterogeneity in natural and
artificial stresses and research conducted by Desta et al.
(2013) and Bettridge et al. (2018).
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Figure 3. Morphometric measurement of Gorontalo native
chickens, Indonesia. Note: @ Body weight (kg), ® Leg length
(cm), ™ Head length (cm)
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Morphometric can also be used to analyze the quality of
good superior seeds. The parts of the body that are
measured can provide information about body weight. This
is in line with research conducted by Assan (2013), who
conducted a morphometric analysis which was curated with
bodyweight to classify the quality of chickens. If we look
at Figure 2, the results of statistical tests on 3 influencing
variables to analyze the diversity of chicken species in six
regions in Gorontalo, it is concluded that one of the three
variables can be used to represent each other, meaning
body weight, leg length and the length of the head can be
selected as a variable that represents the other variables.
This is because each body's morphometric size is
influenced by body shape, where physically and the
chickens sampled from the Boalemo area have a larger
body shape and size compared to other areas. If further
analyzed, these three variables can be used to analyze the
quality of native chickens that are scattered in several areas
where chickens that have a large shape tend to be more
expensive if they are sold as a source of economic income
when compared to chickens with smaller body weights.
This is because in buying and selling livestock, body
weight can be used to see the weight of livestock meat.

As a conclusion in this study, the variables of body
weight, leg length, and head length are variables that can be
used to perform morphometric analysis to see the level of
species diversity in chickens from different sampling
locations. Furthermore, this research provides new
information about the local genetic resources of native
chicken in Indonesia, especially, Gorontalo native chicken
species.
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