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the microscope, and scale bars were then digitally added to 
the images. Most characters were counted and measured 
under a binocular dissecting microscope. For specimens too 
large to fit under a microscope, a magnifying glass was used. 
A variety of geometric morphometric approaches to curves 
�K�D�Y�H�� �E�H�H�Q�� �X�V�H�G���� �³�6�+�$�3�(�´�� �L�V�� �D�� �S�D�F�N�D�J�H�� �R�I�� �S�U�R�J�U�D�P�V�� �I�R�U��
evaluating biological contour shapes based on elliptic Fourier 
descriptors (EFDs) [19]. Data gathered using the manual 
curve-tracing approach was analyzed using elliptical Fourier 
analysis (EFA), a fairly standard approach to outline data. 
The software contains programs for image processing and 
contour recording, derivation of EFDs, principal component 
analysis of EFDs, and visualization of shape variations 
estimated by the principal components [19]. 

 

 
Fig. 3. Map of Macajalar Bay. 

 

 
Fig. 4. Scutes at different regions. 

 

B. Systematic Description of Scutes 
Squamation patterns were recorded following Lippitsch 

[20]-[22]. Characters were established for scutes and 
squamation patterns in Decapterus sp. including scale shape, 
size and shapes of body scales from different parts of the fish 
body (Fig. 4). Fish scale descriptive terminology follows [21], 

[23].  

C. Statistical Analysis of Scutes 
Scutes samples were subjected to outline-based 

morphometric such as Elliptic Fourier Analysis (EFA) via 
SHAPE software [19]. Chain-code based was applied that 
rely on contour representation to code the shape information. 
This contour-based representation of the scales tracks the 
shape of the scales and represents each movement by a chain 
code symbol. The total number of chain codes per scales 
would vary depending on the shape and size of the structure 
[24]. Then, via discrete Fourier transformation of the chain 
codes, the coefficients of the elliptic Fourier were generated. 
This procedure eliminates variation related to size and 
orientation during scanning process. Number of harmonics 
was added to the function to better capture the shapes of the 
scale outlines. The study used 20 harmonics to effectively 
contain information regarding the shape of the scale outlines 
consisting of four coefficients. Multivariate Analysis 
distinctively Principal Component Analysis was employed 
since there are large numbers of coefficient per scales. PCA 
is effective in summarizing information of the variations 
contained in the coefficients derived after Elliptic Fourier 
analysis of the chain code data [24]. To validate results, 
Box-Plot Analysis and Kruskal-Wallis Test via PAST 
statistical software were used [26].   
 

 
Fig. 5. Flow of the various statistical methods of analysis. 

 

III. RESULTS AND DISCUSSION 

A. Description of Scutes 
Decapterus sp: dorsal and anal fins with single detached 

terminal finlet; cleithrum margin with 2 papilae, the lower 
papillae larger; posterior end of upper jaw concave above, 
rounded and produced below; predorsal scaled area not 
reaching to middle of pupil; scutes covering posterior 3/4 of 
straight part of lateral line.  

B. Biology 
Depth: up to 550 m (usually shallower). 
Habitat: sandy substrates; from near shore to deep. 
Season: spawning occurs in winter month with larvae 

appearing in the spring and summer; spawning takes place in 
shallow water. 
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Diet: small crustaceans (e.g., amphipods, copepods), 
polychaetes. 

Predators: fish, marine mammals, sea birds. 
The relative size of scutes were small (0.8mm); position of 

scutes on body were 12 rows in the anterior region (A); 32 in 
the midline region (B); and 20 in posterior-caudal regions (C 
& D) of the body; posterior lateral line with heavy keeled 
scutes; the total number of scutes found at the 
anterior-posterior horizontal stretch of the lateral line was 64; 
overall scute shape: circular to w-shaped (Fig. 6).  

 

 
Fig. 6. Morphological variations of scutes at different regions. 

 
There were substantial variation in size and shape, 

between the sampling series and regions. As to the 
development of each scute from the shoulder region to caudal 
peduncle, three stages were recognized, early, middle, and 
late on the basis of its structure. Scutes in A region were 
generally small and rounded; B region were wider with little 
projection; very distinctive plane-like shaped scutes with 
long and sharp apex and concave posterior wings were 
observed in C region; and D region had narrower and straight 
posterior wings (Fig. 4). Comparatively all scutes were 
provided and connected with pores or tubes (Fig. 7), region A 
was observed having so-�F�D�O�O�H�G���³�V�F�D�O�H-�O�L�N�H���V�W�U�X�F�W�X�U�H�V�´������ 

C. Statistical Analysis of the Scutes 
 

 
Fig. 7. Overlapping arrangement of scutes of Decapterus sp. 

Using the Chain Coder software (Iwata and Ukai 2002), 
shapes of the scales were summarized and subjected to EFA 
to get normalized elliptic Fourier (NEF) shape descriptors or 
coefficients. Outline of the scutes were reconstructed and 
subjected to Principal Component Analysis (PCA). Shape 
diversity of the scutes of different regions of the two fish 
specimens were then analyzed and quantified using other 
statistical tools particularly as Box-and-whisker Plots and 
Discriminant Frequency. 

Variation of the scute shapes among regions of male and 
female specimens were observed as shown in Fig. 8 and  as 
elucidated by the significant principal components derived 
from chain code data . Principal component 1 (PC1) explains 
the great differences in the scale length-width ratio among 
different regions.  Principal component 2 (PC2) and principal 
component 3 (PC3) describe the less variation in the outline 
of the scutes. For male specimen, PC1 has the greatest 
percentage of variance of 72.2% as shown in Table I. As for 
the female, PC 1 has the greatest percentage variance of 
63.5% as depicted in Table II. 

 

 
Fig. 8. Reconstructed scale outline of male (A) and female (B) specimens 

showing all five (5) significant principal components. 
 

Similar result is shown in Fig. 9 for male specimen 
wherein distribution scores in PC1 vary deeply is more 
scattered than the rest of the principal component illustrated 
by box-and whisker plots.  
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Fig. 9. Box-and-whisker plots of the five (5) principal components or 

significant elliptic Fourier coefficients showing variations within regions. 
 

The distribution of the data set in PC 1 is skewed toward 
low values. Fig. 10 also shows that box plots of female 
specimen where PC1 vary greatly as the distribution of the 
data is more on high values as compared with the rest of 
principal components. 

 

 
Fig. 10. Box-and-whisker plots of the five (5) principal components or 

significant elliptic Fourier coefficients showing variations within regions. 
 

However, incomplete separation of the two data sets is 
observed in Fig. 11. There was an overlapping of the two 
colored bins which implies less variation in the scutes 
between sexes of the Decapterus sp. Scutes variation of 
Decapterus sp. was quantified by means of conventional 
scute description and the computer-assisted approach which 
uses new statistical tool to measure variations of scutes.  

Statistical analyses show variations of scale outline within 
and among regions. Observed variations are mainly seen on 
the length-�Z�L�G�W�K���U�D�W�L�R���R�I���W�K�H���V�F�X�W�H���R�X�W�O�L�Q�H���D�Q�G���W�K�H���³�Z�´-shaped 
of the outline of the anterior field of the scute. However, less 
scute variation was observed between male and female 
specimens. Shapes differences of scutes may reveal 
adaptations to different functions and swimming 
characteristics, or adaptations to varying hydrodynamic 
conditions [1]. Moreover, morphometric characters are 
highly sensitive to environmental factors and show a 
significant defect once they became exposed to 

environmental stress. This changes often an alteration of one 
or more morphological, behavioral, physiological, or 
developmental responses. In many cases, responses to 
stresses or environmental changes entail developmental 
changes in morphology.    
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Fig. 11. Frequency histograms of the male scutes (blue bins) and female 
scutes (red bins) showing absence of sexual dimorphism as shown by the 

overlapping of the blue and red bins. 
 

Scutes were removed from four different strategic regions 
of the fish sample and scanned. Scanned images were then 
systematically described based on several scute features. 
Various statistical analyses were employed using PAST 
software [26]. Images were digitized, gray-scaled and 
binarized using SHAPE softwares [19]. Chain code data were 
then subjected to EFA to obtain normalized elliptic Fourier 
shape descriptors/coefficients or principal components. 
These coefficients were then subjected to PCA, 
Box-and-Whisker Plot, and Discriminant Frequency. 

There were significant scute variation in size and shape, 
between the sampling series and regions. Comparatively all 
scutes were provided and connected with pores or tubes. 

 
TABLE I: PERCENTAGE OF VARIANCE OF PRINCIPAL COMPONENTS 1-5 OF 

MALE SPECIMEN 
PC Eigenvalue % Variance 
1 0.0180617 72.238 
2 0.00374551 14.00 
3 0.00288433 7.5364 
4 0.000855745 3.4226 
5 0.00045565 1.8224 

 
TABLE II: PERCENTAGE OF VARIANCE OF PRINCIPAL COMPONENTS 1-5 OF 

FEMALE SPECIMEN. 
PC Eigenvalue % Variance 
1 0.0188579 63.53.15.076 
2 0.00447518 15.076 
3 0.00328818 11.077 
4 0.00204553 6.8911 
5 0.00101675 3.4253 
          

At this stage, it is unfeasible to evaluate the level of 
asymmetry of those scutes characters and to determine if they 
are higher or lower than average or correlate with 
environmental pollution owing to the plasticity of 
phenotypes in natural environment.  

 

IV. CONCLUSION 
The results of the study show the utilization of geometric 

meorphometrics in a clearer understanding of shape variation 
in living organisms.  With the aid of statistical softwares and 
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imaging techniques, the variations in the structure can be 
quantitatively explained. 
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