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A B S T R A C T

The present study aimed to determine the presence of the sexual dimorphism based on 

the morphometric measurements in a total of 60 samples (♀: 26; ♂: 14, immature; 20) which 

were obtained in April 2017 from the population of Salaria fluviatilis which shows distribution 

in the brackish waters in the Karpuzçay Creek (Antalya, Turkey). As a result of the 

morphometric analysis performed in both sexes of samples, it has been determined that there 

were differences between body parts in terms of total length (TL), dorsal fin length (DFL), 

snout length, and eye diameters in the head area. Accordingly, it has been observed that the 

lengths of allometric growing body parts of males were greater than that of females. The 

properties of sexual dimorphism in the body parts of freshwater blenny cause significant 

differences between sexes in brackish water forms. The differences in male individuals such 

as TL and long DFL are important criteria for the selection of large male individuals for sexual 

selection in mating. It was thought that the increase in snout length and eye diameter in the 

head region gives males some advantages in various areas such as feeding performance from 

the habitat, male selection of females in mating, and swimming performance. 

INTRODUCTION 

Salaria fluviatilis (Asso 1801), known as the freshwater 

blenny, is a sensitive endemic species of the streams in the 

Mediterranean and the Black Sea and is spread in the benthic 

region (Laporte et al., 2013). In time, these areas may threaten 

the river populations of the species with factors such as the 

change in the morphological structure of the river resources 

or pollution (Crivelli, 1996). Also, the freshwater blenny 

populations, which show distribution both in the world and 

in Europe’s inland and wetlands, are in the Least Concern 

(LC) category, which is considered to be the least worrying 

level (Crivelli, 2006). 

The species which are maintaining their lives in the 

habitats, where they live, have a significant level of sexual 

dimorphism features (Kottelat & Freyhof, 2007; Laporte et al., 

2016a). Among these features are mainly a longer body and 

a wider head structure of male specimens (Roché, 2001; Alp 

& Kara, 2007; Keith et al., 2011; Laporte et al., 2018). Sexual 

dimorphism is the most common feature in the animal world 

(Shine, 1989), it affects many vital factors such as 

reproduction, parental care (fry or egg) throughout the life of 

the individuals, and is considered an important factor in the 

emergence of sex selection (Laporte et al., 2018). Accordingly, 

it was determined that sexual dimorphism is different for 

species in ecological terms of the river and lake blenny 

populations. It was determined that freshwater blennids 
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have larger bodies than river populations compared to lake 

populations (Laporte et al., 2013). Rispoli & Wilson (2008) 

estimated that local living conditions can affect both 

morphological and vital characteristics of the species. This 

estimate was based on Bergmann (1847)’s rule which 

indicates that the existence of a positive correlation between 

the size of the organism and the latitude that the organism is 

distributed at. 

Some studies on sexual dimorphism in terms of 

reproduction and parental care determined that there were 

cephalic crest and two anal glands around the anal fin in 

males, especially during the breeding season and parental 

care (Fabre et al., 2014), and the researchers considered this 

result a dimorphic structure for sexes (Laporte et al., 2018). 

Sexual dimorphism, which develops based on the differences 

in habitat, is considered as an effort to increase the mating 

chance of females in river form, whose swimming skills are 

more effective than that of males (Vinyoles & De Sostoa, 

2007).  

However, the composition of Blennid species in brackish 

water ecosystems has not been fully clarified (Innal, 2019). 

The primary objective of the present study was to determine 

the prominent sexual dimorphism characteristics in 

specimens of S. fluviatilis, a blennid species which shows the 

distribution in brackish water habitats other than a river or 

lake form. 

MATERIAL AND METHODS 

Salaria fluviatilis (Asso, 1801) was used as the research 

material, caught from the brackish water zone (36°42’56.84” 

N 31°33’00.95” E) of the Karpuzçay Creek Estuary, which 

flows into the Antalya Bay, in April 2017, using a beach seine 

net (10 m long and 2 m high; 1.2 × 2 mm mesh size). The 

sampling area and Google Earth images are given in Figure 

1. Seventy-five samples were fixed in 10% formalin solution,

and the species identification was determined as described 

by Akşiray (1987). Sixty of these samples (♀: 26; ♂: 14, 

immature; 20) were evaluated in morphometric 

measurements. 

The sex determinations of the specimens were evaluated 

by the dissection method according to the presence of ovaries 

and testicles. Specimens’ sex ratio (F/M) was determined; 

however, meristic measurements were not taken into 

consideration. A total of 11 morphometric measurements, 4 

from the head area and 7 from the body region were 

evaluated for the morphometric study. These are total length 

(TL), standard length (SL), head length (HL), eye diameter 

(ED), snout length (SNL), head height (HH), predorsal length 

(PDL), body height (BH), dorsal fin length (DFL), dorsal fin 

Figure 1. Brackish zone of the sampling area (Karpuzçay 

Creek Estuary) 

height (DFH), and caudal peduncle height (CauPH) (Figure 

2). A digital compass with a sensitivity of 0.01 mm was used. 

The height values of morphological characters were 

evaluated according to total height (TL%). By providing 

logarithmic transformation of independent variables, linear 

regression values were calculated using the equation log 𝑦 =

log 𝑎 + 𝑏 log 𝑥 as described by Choo & Liew (2006). The 

averages of morphometric measurements between sexes 

were determined using the Student’s t-test. The regression 

relation of morphometric characters and length conversion 

equations were determined using (r2) (Gulland, 1969), the 

significance test (<0.05) was used in the STATISTICA v11 

program for the statistical differences. 

Figure 2. Morphometric measurements of Salaria fluviatilis. 

TL: Total length, SL: Standard length, HL: Head length, ED: 

Eye diameter, SnL: Snout length, HH: Head height, PDL: 

Predorsal length, BH: Body height, DL: Dorsal fin length, 

DFH: Dorsal fin height, CauPH: Caudal peduncle height. 

RESULTS 

The averages of the morphometric characters of Salaria 

fluviatilis samples according to sex are given in Table 1. The 

average height value for all specimens obtained in the study 

was 48.92±11.92 mm. Evaluating the average height 

according to sex, it was determined that the tallest specimens 

were male specimens with 57.00±12.00 mm. Therefore, the 

evaluations made according to the total height values 

showed that the first difference between the sexes was the 

total height values (P<0.05) (Figure 3 and Table 1). 
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Figure 3. The image of male and female specimens of Salaria 

fluviatilis (upper: male; lower: female) 

The average total length value (TL) in all individuals of 

the species, which shows the distribution in the Karpuzçay 

River was determined to be 48.92±11.92 mm. It was also seen 

that males had a longer body length than females. There was 

a statistical difference between the sexes in terms of total 

height values (tcal: −2.139, p=0.0038, P<0.05). Dorsal fin length 

(DFL) values had an average of 25.49±6.70 mm in the whole 

population and corresponded to 52% of the total length. The 

dorsal fin length of the sexes was statistically different (tcal: 

−2.206, p=0.032, P<0.05). These results showed that males had

a larger dorsal fin size than females (Figure 3 and Figure 4A). 

In two important measurements, eye diameter (ED) and 

snout length (SnL) in the head region had statistically 

significant differences. Examining the results of the snout 

length in all specimens, it was determined that the average 

results were 3.33±0.93 mm in the population and 

corresponded to approximately 7% of the total length. There 

was a statistically significant difference in snout length 

between the sexes (tcal: −2.470, p=0.017, P<0.05), and it was 

understood that males were more advantageous than 

females in this difference (Figure 3, Figure 4B and Table 2). 

It was determined that the average eye diameter values, 

another important measurement of the head area, was 

1.91±0.44 mm in the whole population, and corresponded to 

approximately 4% of the total length (tcal: −2.277, p=0.027, 

P<0.05) (Table 2, Figure 3 and Figure 4C). 

Table 2 shows the allometric growth results of the body 

parts that cause sexual differences depending on the total 

height. DFL and SnL measurements showed increases in 

female and male specimens depending on the total height. 

ED, on the other hand, showed positive allometric growth in 

males, whereas this growth rate was very low in females. 

Table 1. The average morphometric features of Salaria fluviatilis (m±sd: mean±standard dev.) 

Morphometric features Male Female All Mean (%) P 

Total Length (TL) 57.00±12.00 49.77±9.59 48.92±11.92 - P<0.05* 

Standard Length (SL) 47.72±11.51 42.35±7.81 42.14±10.15 86.14TL P>0.05

Head Length (HL) 12.97±3.21 11.49±2.62 11.39±3.08 23.28TL P>0.05

Head Height (HH) 8.58±4.03 6.74±2.98 6.75±3.38 12.79TL P>0.05

Snout Length (SnL) 3.94±0.84 3.34±0.75 3.33±0.93 6.80TL P<0.05* 

Eye Diameter  (ED) 2.19±0.49 1.90±0.37 1.91±0.44 3.91TL P<0.05* 

Predorsal Length (PDL) 13.62±2.64 12.31±2.24 12.02±2.77 24.58TL P>0.05

Dorsal fin Length (DFL) 29.85±7.02 25.85±5.03 25.49±6.70 52.11TL P<0.05* 

Dorsal fin Height (DFH) 3.19±1.53 2.81±1.15 2.67±1.30 2.65TL P>0.05

Body Height  (BH) 8.61±2.38 7.51±1.77 7.32±2.19 4.56TL P>0.05

Caudal Peduncle Height (CauPH) 4.31±1.23 3.74±0.90 3.68±1.10 7.51TL P>0.05

Note: *P<0.05: statistically difference 

Table 2. Allometric growth models of Salaria fluviatilis according to the in 𝐿 = 𝑎𝑇𝐿𝑏 equation 

Male Female All Sexes 

a b r a b r a b r 

DFL 0.464 1.030 0.93 0.579 0.971 0.96 0.469 1.025 0.96 

ED 0.052 0.924 0.82 0.193 0.583 0.61 0.143 0.664 0.74 

SnL 0.082 0.958 0.90 0.056 1.040 0.85 0.041 1.125 0.89 
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Figure 4. Allometric relations in the sexes of Salaria fluviatilis specimens (A: dorsal fin length-total length relation, B: eye diameter-

total length relation, C; snout length-total length relation; F: female; M: male) 
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DISCUSSION 

In this study, the sex ratio (♀:♂) was determined to be 

1:0.54 in the freshwater blenny population, and it was 

observed that female individuals were dominant in the 

habitat. The various studies have reported that females form 

dominant populations in the Ceyhan River (Alp & Kara, 

2007), Kournas, Fango, and Garda rivers (Neat et al., 2003). 

However, it was thought that the reason for the differences 

in sex rates of the species was the hiding behavior to protect 

their eggs and the nest from predators (Côté et al., 1999; Alp 

& Kara, 2007). 

In the present study, it was determined that S. fluviatilis 

male specimens were larger in terms of total length, snout 

length, eye diameter, and dorsal fin length values. It was also 

observed that males of freshwater blennid species were 

larger than females (Rensch, 1950; Roché, 2001; Kottelat & 

Freyhof, 2007; Alp & Kara, 2007). While these determinations 

are more common in males in river populations, the opposite 

was observed in marine forms (Côte & Hunte, 1989). Neat et 

al. (2003) have stated that lake populations were generally 

smaller than river populations. As the main reason for the 

difference between populations was thought to be the 

preference of blennid species in mating by resorting to sexual 

selection at the time of reproduction and the preference of 

larger males in mating (Laporte et al., 2018). According to 

these evaluations, it was considered that the results obtained 

in the present study were in line with two different opinions. 

The first opinion is that males are larger than females and 

was in line with the basic rule of Rensch (1950), while the 

second is that the head structure in females is smaller than 

that of males, in line with that previously described by 

Laporte et al. (2018). 

In the present study, the first sexual difference was 

determined in total height values, and the results showed 

that males are larger than females. Rispoli & Wilson (2008) 

have stated that local living conditions can be effective on 

both morphological and vital characteristics of the species. 

As seen clearly in S. fluviatilis, this difference in height values 

may vary according to the rapid growth rate or long life-

period determined by the presence of food in the habitats 

such as rivers or lakes in which the species lives, and the 

predator effect (Laporte et al., 2018). 

In the study, although the head length and height values 

of the female specimens were determined to be lower than 

those of the males, they did not show statistically significant 

differences. However, several studies indicated that the small 

head structure is related to the hydrodynamics and 

swimming performance of the fish species (Laporte et al., 

2016b). Therefore, this feature is mainly considered a 

phenotypic approach of S fluviatilis in river populations with 

water current (Laporte et al., 2016a). However, it has been 

stated that the low growth of the head structure in females 

affects behavior during the reproductive period (Laporte et 

al., 2018). That may be effective in the female’s mate selection 

the size of the head profile displayed by the species in 

different habitats such as a lake or river (Laporte et al., 2018). 

In the present study, another important difference in the 

head of the species was determined in the eye diameter 

values of the sexes. Neat et al. (2003) have stated that the 

larger eye diameters of fish in Lake Kournas than other 

populations may be due to an accidental genetic structure or 

mutation. However, in this study, differences between the 

sexes in a population that show the distribution in a brackish 

water habitat were interpreted as the advantage of 

adaptation in proportion to body size in male specimens. 

Differences were also found between the sexes in the head 

structure, the snout length. Neat et al. (2003) emphasized that 

in S. fluviatilis individuals which shows the distribution in the 

lake habitat, the snout length in the head region is long and 

this structure may be related to nutritional adaptation. 

Accordingly, the results obtained from this study showed 

that the difference in snout length between sexes can be 

considered as nutritional adaptation in the habitat in 

question. 

CONCLUSION 

Results provided us an insight that freshwater blennids, 

which show the distribution in brackish waters may continue 

to differ in terms of total length, dorsal fin length, snout 

length, and eye diameter values. Therefore, our results 

showed that sexual selection continues without causing 

much change for males in brackish water habitats, except for 

lake and river habitats. However, the results also indicated 

that the existing differences are a phenotypic response to this 

type of habitat. 
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