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Sexual dimorphism of Eastern mosquitofish (Gambusia holbrooki
Girard, 1859) in Gamasiab River, Kermanshah province
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Abstract. Gambusia holbrooki Girard, 1859 is considered as one of the non-native and invasive species in the inland waters of Iran.
This species occurs in most inland basins and aguatic bodies of Iran and has even been found in brackish waters. Extensive
adaptations of this species to its different habitats caused numerous changes in its biological characteristics and morphological traits.
The present study was performed to investigate the sexual dimorphism of G. holbrooki in the Gamasiab River, Kermanshah
Province, Iran. 59 fish specimens were collected from the river in September 2017. After taxonomic confirmation and sex
determination, 29 morphological traits were measured in fish samples using a caliper and their meristic traits were recorded. In total,
37 characters (including 8 meristic traits and 29 morphometric traits) were examined. After obtaining morphological data, Principal
Component Analysis (PCA) and Discriminant Function Analysis (DFA) were utilized to compare morphological traits between male
and female individuals. The results showed that the 59 specimens were comprised of 30 malea and 29 femalea. On the basis of the
results, all morphological traits, except the caudal peduncle length, dorsal fin base length and a post-anal length, showed significant
sexual dimorphism (p <0.05). The results of DFA and PCA analysis showed that males and females were completely different from
each other in terms of morphometric traits. These findings indicate that there is a sexual dimorphismin G. holbrooki of the Gamasiab
River. The sexua dimorphism observed in this fish species is due to the sexual selection and increase of reproductive success.
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Table 1- Geographical location of sampling stations.
Station  Number of samples Geographical coordinates Access to the station
1 20 34° 46' 14.14"'N Sahneh county
47° 64" 45.04"E
2 19 34° 46' 15.08"'N Sahneh county, near
47° 64 42.92"E Shahsavan village
3 20 34° 46' 21. 61"N Sahneh county, near
47° 63 97.44"E Shahsavan village
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Table 2 - Results of comparative analysis and summary of meristic traits of males and females of Gambusia holbrooki
in Gamasiab River.

Male (30 samples) Female (29 samples)

Characters Min-Max Mean+SD  Min-Max Mean+SD P value
1 Number of hard and soft rays of the pectoral fin 11-14 11.96+0.962 11-14 11.89+0.972 0.782"s
2 Number of hard and soft rays of the pelvic fin 3-6 4.33+0.752 3-6 4.37+0.62% 0.800"s
3 Number of hard and soft rays of dorsal fin 57 6.23+0.622 5-7 6.27+0.522  0.779"s
4 Number of hard and soft rays of anal fin 7-11 8.63+0.882 8-11 9.06+0.792  0.053"s
5 Number of hard and soft ray of caudal fin 15-22 10.94+1.242 19-22 20.41+0.772 0.105"s
6 Number of lateral line scales 30-32 30.30+0.652 29-32 30.41+0.772 0.545"s
7 Number of scalesfrom dorsal finto latera line 35 3.50+0.572 35 3.55+0.632 0.743"s
8 Number of scales from anal fin to lateral line 4-5 4.20+0.402 35 4.37+0.56* 0.165"
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Table 3. Minimum, maximum, mean and standard deviation of morphological traits in males and females of Gambusia
holbrooki.

Male (30 samples)

Female (29 samples)

Characteristics Min-Max Mean * SD Min-Max Mean * SD P value
1 Total length 23.04-30.32 27.11+1.91 22.50-54.20 33.15+9.03 0.001"
2 Standard length 18.42-25.00 21.79+1.72 17.84-44.40 27.04+7.55 0.000"
3 Head length 5-7 5.72+0.46 5.00-11.15 7.24+1.76 0.000"
4  Head width 2.68-3.80 3.20+£0.29 2.95-6.93 4.38+1.13 0.000"
5 Head depth 3.00-4.49 3.73+0.41 3.21-7.80 4.89+1.22 0.000"
6 Head depthintheeyearea 2.22-3.10 2.71+020 2.41-6.00 3.53+0.97 0.000"
7 Body depth 3.60-6.65 4.60+0.58 3.68-12.58 6.46+2.99 0.001"
8 Body width 2.34-3.90 3.07+0.33 2.47-10.17 4.61+2.39 0.001"
9 Distance between the two nostrils 1.06-1.52 1.29+0.12 1.00-2.73 1.60£0.41 0.000"
10 Distance between the two eyes 2.28-3.40 2.94+0.33 6.70-2.74 4.08+1.07 0.000"
11 Distance from the eye to the end of the 2.00-3.19 2.37+0.24 1.99-5.00 3.13+0.87 0.000°
operculum
12 Mouth width 1.56-2.50 1.98+0.25 1.70-3.85 2.61+0.57 0.000"
13  Snout length 1.30-1.95 1.60+0.15 1.25-3.00 2.00+£0.47 0.000"
14 Eyediameter 1.48-2.17 1.87+0.17 1.50-2.92 2.16+0.40 0.001"
15 Caudal pedunclelength 1.60-5.30 3.53+0.93 1.57-9.00 4.35+2.00 0.050
16 Caudal peduncle depth 2.31-3.53 2.80+0.25 2.00-6.07 3.41+1.22 0.010°
17 Dorsal fin base length 1.50-3.50 2.47+0.52 1.56-2.05 2.87+1.00 0.062
18 Dorsal fin height 3.05-5.85 4.90+0.51 3.95-8.25 5.67+1.33 0.005"
19 And fin base length 1.37-3.70 2.29+0.64 1.72-4.70 2.84+0.88 0.008"
20 Ana fin height 4.80-9.00 7.51+0.81 4.50-8.70 5.96+1.10 0.000"
21 Pectoral fin base length 1.11-1.86 1.60+0.18 1.20-3.15 2.05+0.56 0.000"
22 Pectoral fin height 3.18-5.10 4.31+0.52 3.00-8.40 5.14+1.58 0.008"
23 Pelvic fin base length 0.85-1.50 0.98+0.12 0.90-1.60 1.12+0.22 0.004"
24 Pelvicfin height 1.90-3.10 2.23+0.30 1.60-5.60 3.16+£1.20 0.000"
25 Distance from the pectoral fin to the snout 5.50-8.60 6.53+0.64 4.85-12.00 7.85+1.90 0.001"
26 Distance from the dorsal fin to the snout 10.60-14.23 12.83+0.90 10.33-29.00 16.71+5.36 0.000"
27 Distance from the end of the dorsal fin to the  9.00-13.42 11.59+0.84 9.00-20.65 13.87+3.26 0.000°
end of the body
28 Distance from the beginning of the anal finto  7.60-11.54 9.47+0.92 8.59-25.80 13.90+5.40 0.000°
the snout
29 Distancefromtheend of theana fintotheend  12.42-16.99 14.58+1.12 11.00-24.00 16.08+3.46 0.070

of the body
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Figure 2. Principal Component Analysis (PCA) of meristic traits for males and females.

sleds Sl sl (PCA) Lol slaailye 4y 43525 LT mls —F Jgor
Table 4. Results of Principal Component Analysis (PCA) for meristic traits.

Axis Eigenvalue Variance (%)
1 1.09359 27.86
2 0.789989 20.05
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Figure 3. Principal Component Analysis (PCA) of morphometric traits for males and females.
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Table 5. Results of Principal Component Analysis (PCA) for morphometric traits.

Axis Eigenvalue Variance (%)
1 2.68943 37.49
2 1.28094 17.56
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Figure 4. Discriminant Function Analysis (DFA) for meristic traits of males and females.
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Figure 5. Discriminant Function Analysis (DFA) for morphometric traits of males and females.
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