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Abstract

Introduction: This study aimed to investigate the morphological changes of Cyprinion macrostomum in the spring, summer,
and autumn and their relationship with the environmental factors in the Little Zab River.

Methods: For this purpose, sampling was done seasonally in 6 stations with 3 repetitions. Then, to extract morphological
data in the geometric morphometric method, photographs were taken of the samples and 16 landmark points were defined
and digitized. Procrust analysis was used to remove non-morphic data from the landmark data. To find the pattern of
shape changes and main effective factors, principal component analysis (PCA) was used. Canonical Variates Analysis and
2B-PLS analysis were used to determine the morphological distinction between the populations of sampling stations and
to analyze the relationship and correlation between body shape changes and environmental variables, respectively.

Results: Based on the results, the morphological characteristics of C. wacrostomum of the studied populations in different
stations were different in each season. The results of PCA showed changes in the position of the mouth, dorsal fin and
caudal peduncle occur in most seasons due to morphological adaptation to the environmental factors of their habitat. 2B-
PLS analysis also showed a high correlation and significant difference between body shape and environmental factors in
all three seasons (P=0.001, +=0.98).

Conclusion: The results also showed a high and significant correlation between the morphological changes of C.
macrostomum and the habitat factors of Little Zab River.
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Table 1- Coordinates and geographic location of the sampling of Cyprinion macrostomum in the Little Zab River
stations  longitude latitude substrate type

36°14"3439"N 45°30"18.36 E  sand

36°14°57.36" N  45°30° 16.68" E  sand

36°15°46.02" N  45°30° 12.43"E  rubble

36°15710.25" N 45°29°3946"E stone to sand

36°17°2691" N 49°25°06.15"E  rubble
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Figure 1- Map of sampling stations in Little Zab River
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Figure 2- The position of the landmarks determined on the studied male and female C. macrostomum; 1. the primitive
part of the snout in the upper jaw, 2. The front part of the eye in line with the middle of the eye, 3. middle of the eye, 4.
The posterior point of the eye is in line with the middle of the eye, 5. The point above the center of the eye at the top of

the head, 6. End of the head, 7. The origin of the base of the dorsal fin, 8. The end of the base of the dorsal fin, 9. The
narrowest part of the caudal peduncle at the top, 10. The narrowest part of the caudal peduncle at the bottom, 11. The
end of the base of the pelvic fin, 12. The origin of the pelvic fin, 13. The posterior of the base of the pectoral fin, 14. The

end of the gill cover, 15. The lower part of the gill cover, 16. The lower point of the center of the eye in the lower part
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Figure 3- The change of position of the landmarks resulted from the body shape of the investigated stations in the spring
season during the first and second main components
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Figure 4- Canonical correlation analysis (CVA) in the investigated stations in the spring season
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Table 2- Mahalanobis values of the body shape of the studied stations in the spring season
stations  station2 station3  station 4
station 3 5.48
station 4 7.43 5.88
station 5 7.00 5.29 5.18




40

YO-FO axio dF-F Jlg AV olo ) o)led KA 5 90 60})3w|~“~ ) ole dolilad

oty 535, s g 1PV g cIVVE 0lie b o 15316 o0 5 sl ysme Jsb > TWO BIOCK-PLS Lulow s yull
odgsd Hler had )d (ow) 950 Sloolinl jo C. MACIOSIOMUM 45T S5u ) 6y et 5o 1) Sl gine bLI )| 5 (Koo
Ble 0ad (5l paiged loolSi] (3 ) Sl Ol Sl (ewin (et Sl Sgp T Jelo (X Jguz) asls
2 O% S8 s @l elely ol oal Gl Jguar o ke Jad o ae sla eSS cod ) nles SOy

Pl 1) ol otn by giSTB ol 1 g 0090 ame (5la,giSTs 3 ot anllas 350 (slaolSin]

3l g bewsl yles Juad ;o Cyprinion macrostomum aigs o J&i b bLa 1 5o o 2 39 PLS Judowd glis - Jgu
Table 3- The results of PLS analysis of the weight of each variable about the body shape of Cyprinion macrostomum
species in spring, summer and autumn

Environmental variables spring summer autumn
Component1 Component2 Component1 Component2 Component1l Component2

pH -0.003 -0.002 -0.001 -0.035 -0.009 0.027
Temperature 0.056 0.026 0.010 -0.076 -0.007 -0.065
TDS -0.029 -0.016 0.365 -0.353 0.464 -0.047
EC -0.047 0.001 0.538 -0.039 0.812 -0.035
altitude 0.514 -0.326 -0.050 -0.770 -0.267 -0.037
Depth 0.677 0.716 0494 -0.280 -0.077 -0.981
Width -0.517 0.614 -0.573 -0.439 0.212 -0.160
velocity 0.016 -0.007 0.003 -0.005 -0.009 0.005
slope 0.038 -0.036 0.014 -0.029 -0.033 0.028
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Table 4- Procrust analysis of body shape and the effect of environmental factors on it in Cyprinion macrostomum species
in spring, summer and autumn

Df 4 F Rsq MS SS Pr(>F)

stations 4 3.382 2680 0.176 0.003 0.015 0.001 **
spring Residuals 50 0.823 0.001 0.070

Total 54 0.085

P value 0.001 5,531 4.890 0.270 0.005 0.026 0.001

stations 5 0.729 0.001 0.070 **
summer Residuals 66 0.096

Total 71

P value 0.001

stations 5 3.215 2394 0.161 0.004 0.020 0.002
autumn Residuals 62 0.838 0.001 0.106 **

Total 67 0.126

P value 0.001

ANIED gonme ;5 ol ol dilge ¥ a5 ols i bl Jad ;5 anlllae o 90 sloolSi) oy Kb Lol cloailye Julow
oy ot 4 by Jol adlge Sude slivly jo S lead Codse ot rigres Wadoo ol 1) S (bl 9y
Mibos pd 35 0 Gmb g (2P A (lad SuaBge i ) bgrre pgd ddlge Cutte L) 50 g oo (00 Blu 5 (s

® Js)

Jolgd (F JS&) ols lii 1) aw) 0 0590 o] lacaaas a5 (o S srosls SgilS  Siwen Jdoo
Olwsls Jad jo S¢S St Judos gulis ;U1 51 Lol C. macrostomum 4¢3 yas JSi pled a0 ylgicds uwgiVlale
ol Cwdds H-Y 9 y-f GLQOKMAQ‘ O o P Wy’)!LbLo ).:DLM u.:).:ms 9 (e P W 43‘)‘ I Js» )

Ol Juad 53 (o) 32 990 (Soolltm ! (i JSCb (g lalo polie -0 Jguo
Table 5- Mahalanobis values of the body shape of the studied stations in the summer season
stations  station  station2 station3 station 4
station2  6.57
station3  4.50 6.05
Station4 3.72 6.70 4.13
station5 3.81 5.93 3.34 3.92
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Figure 5- The change of position of the landmarks resulted from the body shape of the investigated stations in the
summer season during the first and second main components
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Figure 6- Canonical correlation analysis (CVA) in the investigated stations in the summer season
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Table 6- Mahalanobis values of the body shape of the studied stations in the autumn season
stations  station1 station 3  Station4

station3  6.06

Station4 9.52 5.91
station5 6.97 7.19 8.91
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Figure 7- The change of position of the landmarks resulted from the body shape of the investigated stations in the
autumn season during the first and second main components
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Figure 8- Canonical correlation analysis (CVA) in the investigated stations in the autumn season
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