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Figure 1: The 15 defined landmark points for extracting the body shape data of Carassius gibelio. 1) anterior-most
point of the snout tip on the upper jaw, 2) center of eye, 3) dorsal edge of the head perpendicular to the center of eye,
4) posterior edge of the opercle, 5) the line extends perpendicularly to the posterior edge of the opercle above the head,
6) origin and 7) insertion point of the dorsal-fin base, 8) postero-dorsal end of the caudal peduncle at its connection to
caudal fin, 9) postero-ventral end of the caudal peduncle at its connection to caudal fin, 10) insertion and (11) origin
point of the anal-fin base, 12) origin point of the ventral fin base, 13) most anterior point of the pectoral fin, 14)

ventral end of the gill slit and 15) ventral edge of the head perpendicular to the center of eye.
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Table 1: Variance and eigenvalues of first four components of body shape analysis of Carassius gibelio studied

populations.
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Figure 2: (A) Principal component analysis and (B) canonical variate analysis diagrams of the body shape of Carassius

gibelio studied populations.
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Table 1: The results of MANOVA analysis of Carassius gibelio populations.
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Table 2: Mahalanobis distances of CVA analysis of body shape of Carassius gibelio populations.
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Figure 3: Body shape cluster analysis of Carassius gibelio populations (deformation grids represents the average form

of each population relative to the consensus form).
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Abstract

This research was conducted to study the phenotypic plasticity of the body shape in Carassius
gibelio inhabiting lentic and lotic water bodies using geometric morphometric technique. For
this purpose, a total of 119 specimens were collected from Sefid River (n=30), Alagol Lake
(n=37), Khoda-Afarin dam Lake (n=21) and Mashkil River (n=31). To extracting body shape
data in geometric morphometric method, the left side of specimens were photographed and 15
defined landmark-points were digitized on 2D images using TpsDig2 software. Data after
general procratus analysis was analyzed using PCA, CVA, MANOVA and cluster analysis.
The results showed a significant differences in the body shape between studied populations
(p<0.001). Based on the results, populations of the Alagol and Khoda-Afarin dam lakes had
deeper body and smaller head, and those of Sefid River had deeper body, but similar to the
Mashkil population had larger head. In addition, Alagol and Khoda-Afarin dam lakes
populations were placed together in same clad and those of the Sefid and Mashkil rivers in
another clade, indicating the separation of populations inhabiting lentic and lotic habitats. The
results also showed that the body shape of C. gibelio changes based on type of type of habitat.

Keywords: Geometric Morphometric, Golden fish, Water current, Damming, Adaption

“Corresponding author


mailto:*soheil.eagderi@ut.ac.ir

