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Morphological diversity in three species of Chubs (Squalius spp.)
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Abstract. In this study, morphological variation of three species of Squalius in Iranian basins was studied. For this
purpose, 709 specimens were captured from the Caspian Sea, the Urmia Lake, the Namak Lake and the Tigris basin.
After anesthetizing in clove oil solution and fixing in 10% neutralized formalin, specimens were transferred to the
Isfahan University of Technology Ichthyology Museum (IUT-IM) for further studies. In the laboratory, some 14
meristic characters were counted under a streomicroscope. Also, images were analyzed with ImageJ software and 19
morphometric characteristics were measured. In addition, 13 landmarks were defined and digitized on images taken in
tpsDig2 software in order to extract geometric morphometric data. Kolmogorov-Smirnov, Kruskal-Wallis, ANOVA,
Duncan test, PCA, CVA and cluster analysis methods were used to analyze the differences among the populations. The
results of PCA and CVA meristic and morphometric analyses showed no significant differences among the studied
populations. The populations of the species studied were significantly different in 11 meristic and 15 morphometric
characteristics. Also, the major differences observed in the results of geometric morphometric analysis were related to
the position of the pectoral fin, body and head depth. In general, the studied populations highly overlapped, and we
suggest that the populations of genus Squalius should be further studied by molecular methods.
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Table 1. The meristic characteristics used to distinguish populations of Squalius in the Iranian basins.
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Fig .1. Measured distances by ImageJ software for the populations of Squalius (in mm). AFB: Anal Fin Base, BD: Body
Depth, DFB: Dorsal Fin Base, ED: Eey Diameter, FL: Fork Length, Hh: Head height, HL: Head Length, PA: Pre Anal,
PD: Pre Dorsal, PoA: Post Anal, PoD: Post Dorsal fin length, PoO: Post Orbital, PP: Pre Ventral, PrO: Pre Orbital, PV:
Pre Pectoral, SL: Standard Length, TL: Total length.
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Fig. 2. 13 defined landmark points for extracting the body shape data in Squalius (1) snout tip, (2) center of eye, (3)
dorsal edge of the head perpendicular to the center of eye, (4) ventral edge of the head perpendicular to the center of eye
(5) boundary between smooth and scaly skin, (6) terminal operculum, (7) superior insertion of the pectoral fin, and (8)

anterior and (9) posterior end of the dorsal fin base, (8) posterior and (9) anterior ends of the anal fin base, (12) poster
dorsal and (13) poster ventral end of caudal peduncle at its connection to caudal fin.
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Table 2. Values (mean + SD), the range of characteristics and results of Kruskal- wallis analysis in Squalius spp. in
different Basins of Iran.

" < " S. namak S. berak S. turcicus “
e e .
P M N=(\¥¥) n=(rv) N=(FY) =
VE/YOE /P O/ YE:/AA VF/YYE VA
s Y&/0F > Bl g b
(VF-19) (\F15) (\F-19)
VAYGE /5 VA/VTE L /F4 \WSOE /Y
e YV/OY i AU gl b
(A-YY) (\A-19) OA-YY) )
Y/YE VY LAAEI ¥/5E VA
e ANV ol b ol A
(-¥) ¥-¥) ¥-0) )
VAYE/FY V/YEE./FY V/00E: /04
ees 13Yan'2 b b VL
V-A) (V-A) (V-A)
FF/OYE/AY FO/SFE VA FF/AFEV/N
AN SE/N ol b gy
(FY-¥%) (FO-FV) (FA-FV)
VA/AAZE /YA VA/ABE /Y VA/AYE/OF
e /YA o3 Ul plas sl
OA-YY) (A1) (OA-YY)
VO£ /A VF/B £ /8 VF/AE S /VE
e Y\/50 St By niie plas
(OF-1V) (\F-10) (OF-1V)
NECEIVALY . .
¥ii2 V/oY Vorka/on (YZRE-SV2N &l i Dl rtite ot plad
¢-v)
AFAES /D VR E-VAL) NFFEFA
AR \S¥Ald WS L Catie plad
(W-2) (-2) (W-9) e
VAVE /o . .
¥ VAY VeEe/on VoerEe /o S B Catte et
\-Y)
AYE:/FY AYVE:$5 AV E2 5V
AN \A2\¢ e b cmiie plad
(A-9) (A-4) (A=\+) <
YA YD
2 YOV Yok Yok /on A Al Catie b plad
- ' &
A YENA ANVEE /¥ NEVES Y
e #Y/0) o b Catie plad
(-9) A-2) A-9) S
Y/OF: /N F Y/ Nk Y
VY “/OYF Y/vake/es i AL Cadie b plas
(Y-¥) (Y-v) o ¢
2 oD YE /08 eake/en SAVEFY o
e \iad Y/FV 0/ /2 Y AY /0 5/ F Ois

Ol Calides (gladds s 55 l6l3 sy doin ale ot S Glacumer dyled Slivo Lo ol ol ail 3o 53035 plin 5 uibyly polie -V J9i
Table 3. Variance values and special values of meristic characteristics of the Squalius species in different basins of

Iran.
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Fig. 4. Canonical analysis (CVA) of the meristic characteristics of Squalius populations in different basins of Iran
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Fig. 5. Cluster analysis of meristic characteristics in the populations of Squalius in different basins of Iran.
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basins of Iran.
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Table 5. Values (mean + SD) and results of analysis of one-way ANOVA variance and Duncan grouping of
morphometric characteristics in Squalius in different basins of Iran (in mm). Similar letters indicate insignificant

differences.
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Table 6. The role of each characteristic in the distribution of populations along the axis of the first and second

components.
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Fig. 7. Canonical variance analysis (CVA) of the morphometric characteristics of Squalius populations in different
basins of Iran.
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Fig. 8. Cluster analysis of morphometric characteristics of Squalius species in different basins of Iran.

Ol Calises laass > (SQUANTUS) (glails s sy ddn ale (slass S (lacunaz O IS5 Ul ool i 3o dws 0355 plin 5 uibsly pslie-Y J9i>

Table 7. Variance and special values of the first three main components of the body shape of Squalius populations
species in different basins of Iranian.
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Fig. 9. Principal component analysis (PCA) of the body shape of Squalius populations in different basins of Iran.
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Fig. 10. Canonical analysis (CVA) of the body shape of Squalius populations in different basins of Iran..
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Table 8. Mahalanobis distances of body shape derived from CVA analysis of Squalius populations in different basins

of Iran.
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Table 9. Procrustes distances of body shape derived from CVA analysis in populations of Squalius in different basins
of Iran.
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Fig. 11. Cluster analysis of body shape of Squalius populations in different basins of Iran.
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