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Abstract:

The present study was conducted to determine the food habits Salmo caspius in the Tonekabon River. A total of
63 specimens (42 males and 21 females) were caught using electrofishing in January 2016. The range of total
length for males and females was 10.3-17.0 and 10.4-19.3 cm, respectively. The range of weight of males and
females was 8.1- 46.1 and 8.05-76.12 g, respectively. After counting and identifying the contents of the stomach,
four prey, Trichoptera, Ephemeroptera, Plecoptera, and Diptera were identified. Trichoptera (37.60%)
and Diptera (52.24%) showed the highest relative frequency. According to the Castello model, and the relative
frequency of eaten prey, the feeding strategy of brown trout was general. The predominant prey was Trichoptera,
and the female specimens feed on Trichoptera exclusively. The mean Shannon index of males and females were
1.26 and 1.12, respectively, and there was no significant difference in the mean Shannon index between males
and females (p> 0.05). The mean Evenness index for males and females were 0.95 and 0.81, respectively, but
there was no significant difference in the mean of Evenness index between males and females (p > 0.05). The
relative gut length (RLG) was 0.073 which suggests the carnivorous diet composition of Salmo caspius
Tonekabon River.
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1. INTRODUCTION

Food webs describe the pathways of material and energy movement in ecosystems (Bellmore et al., 2013). When
the food web is understood, the importance of different species in community metabolism, their role in ecosystem
dynamics and resilience, and a better understanding of species interactions can be addressed (Sanchez-Hernandez
and Cobo, 2012; Krebs, 2011). Many organisms have different dietary regimes throughout their life cycles, and
this dietary regime change affects the structure of the food web and the ecological relationships of those organisms
with their habitats (Malmstrom, 2010). Salmonids (Salmonidae) are positioned at high trophic levels in lotic
ecosystems and play a key role in transferring energy to higher trophic levels. The Salmo caspius is a species of
the subfamily Salmonidae and genus Salmo Linnaeus, (1758). This species is a cold-water fish (below 21 degrees
Celsius) (Réalis-Doyelle et al., 2016). Primarily a freshwater species, it is usually found in rivers, lakes, streams,
dams, and cool mountainous tributaries (Réalis-Doyelle et al.,2016) and has managed to establish stable
populations in most of these habitats (Turrero et al., 2013). Generally, the most important determinants of the
brown trout's diet can be attributed to habitat (Craig et al., 2002), season (Llanso et al., 1998), prey availability
(Lagarrigue et al.,2002), ontogeny (Groth et al., 2014), gender (Laegdsgaard and Johnson, 2001), and age (Elliott,
1967).
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The quality and quantity of food consumed by fish result from the relationship between the environment and the
fish, and analyzing stomach contents is essential to understanding this relationship (Smith et al., 1993). Various
methods have been described to demonstrate the importance of prey diversity and dietary regime changes within
fish populations and to identify the general feeding strategy of a population (Macneale et al., 2010), including the
Costello graphical method (Costello, 1990), which can be used to demonstrate differences in feeding habits and
prey importance (Sanchez et al., 2012; Cobo et al., 2015). Additionally, differences in feeding patterns can be
shown using graphs generated by the Costello graphical method. This study aims to investigate the diet of brown
trout in the Tonekabon River using the Costello graphical model.

2. MATERIALS AND METHODS

Sampling was conducted during the autumn (November, 2018) from the Tonekabon River using an electroshock
device with voltages ranging from 200 to 300 volts. Fish stunned by the shock were collected using a scoop net
with a 5-millimeter mesh size installed downstream of the river. Sampling was carried out at approximately 8
times the width of the river at each station. The samples were fixed in a 10% formalin solution and transferred to
the laboratory. Upon arrival at the laboratory, total length was measured with an accuracy of 0.1 centimeters and
total weight with an accuracy of 0.01 grams using a measuring board and a digital scale, respectively (Fafioye,
2005). To assess the nutritional status of the species in terms of dietary regime type (carnivorous, herbivorous, or
omnivorous), the Relative Length of Gut (RLG) index was used. The Vacuity Index (Euzen, 1978) was employed
to determine the percentage of empty stomachs. To determine the importance of prey and dietary strategies, the
modified Costello graphical method (Costello, 1990), revised by Amundsen et al. (1996), was utilized. The
Shannon-Wiener index was used to evaluate the ecological niche breadth (Marshall and Elliot, 1997). The
evenness index was used to assess the feeding strategies of the fish (Sanchez-Hernandez and Cobo, 2012).

3. RESULTS

Out of 64 fish caught in the Tonekabon River, 21 specimens were female and 42 specimens were male. The length
range of male and female fish was 5.7-18.5 cm and 5.6-21.5 cm, respectively, while the weight range of male and
female fish was 65.5-99.3 g and 59.2-95.4 g, respectively. The Relative Length of Gut (RLG) index for the total
samples, male specimens, and female specimens was calculated as 0.073. This value indicates a carnivorous diet
for the sampled brown trout (RLG<1). The Vacuity Index for the total samples, male specimens, and female
specimens was calculated as 15.87%, 4.76%, and 10.38%, respectively. Based on these values, the sampled fish
were found to be well-fed, with males being slightly more well-fed than females. Examination of the gut contents
revealed that Tricoptera was the primary food item for both the total samples and male and female specimens.
The Costello graphical model, based on the percentage of consumed food items, showed that the feeding strategy
of the brown trout was general, with Tricoptera being the predominant prey for both males and females. Female
specimens were observed to specialize in feeding on Tricoptera. The Shannon index was calculated as 1.27 for
the total samples, 1.26 for males, and 1.12 for females. There was no significant difference between the mean
Shannon index of male and female fish (p=0.726). Spearman correlation results showed a weak, nonsignificant
negative correlation between the total length of fish and their gut content Shannon index (r=-0.067, p=0.666). The
evenness index was calculated as 0.95 for the total samples, 0.95 for males, and 0.81 for females. There was no
significant difference between the mean evenness index of male and female fish (p=0.953). Spearman correlation
results showed a weak, nonsignificant negative correlation between the total length of fish and their evenness
index (r=-0.159, p=0.302).

4. DISCUSSION

The Shannon index for the total samples, male specimens, and female specimens was calculated as 1.27, 1.26,
and 1.12, respectively. The lack of significant difference between the mean Shannon index of male and female
fish indicates that gender does not influence the diet of brown trout in the studied river, which is consistent with
previous reports (Azizi et al., 2014; Montori et al., 2006; Kara and Alps, 2005). The evenness index was found to
be 0.95 for male fish and 0.81 for female fish, with no significant difference observed between the sexes. The
evenness index of gut contents indicates the feeding strategy of fish. Based on this, the feeding strategy of the
specimens studied was general, which aligns with previous findings (Sanchez-Hernandez and Cobo, 2012;
Oscoz et al., 2008; Jorgensen et al., 2000). However, some researchers believe that the diet of this fish species is
specialized, with limited ecological breadth (Riofrio-Lazo et al., 2022). Furthermore, the lack of correlation
between total length and evenness index suggests that the feeding strategy of fish does not change with size and
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growth. In this study, the average Relative Length of Gut (RLG) index was determined to be 0.073, indicating a
carnivorous diet for brown trout, which is supported by the composition of consumed prey species (Salavatian et
al., 2011). Similarly, Salavatian et al. (2011) reported an RLG index of 0.86, confirming the carnivorous diet of
this species. The fish's tendency to be well-fed may be due to the consistent availability of prey throughout the
year (Azizi et al., 2014). Examination of the stomach contents of the samples in this study revealed that all
consumed prey was from invertebrates, consistent with previous studies (Salavatian et al., 2011; Montori et
al., 2006; Kara and Alp, 2005). According to the Costello graphical model, the feeding strategy of the specimens
studied in this research was general, with Tricoptera being the predominant prey for both males and females and
female specimens specializing in feeding on Tricoptera. The prevalence of Tricoptera and Diptera as primary
food items, and Ephemeroptera and Pelicotera as secondary food items, aligns with previous studies
(Salavatian et al., 2011; Fakharzadeh et al., 2008; Araghi, 1998). The dietary habits of brown trout vary across
different rivers, seasons, and body sizes due to fluctuations in prey availability in different habitats and seasons.
Additionally, dietary changes are influenced by the age of brown trout, as their ability to ingest, digest, and absorb
prey depends on their size and usually broadens with increasing body size (Espinoza and Bertrand, 2014;
Eloranta et al., 2010; Platell et al., 2007). The Salmo caspius species is opportunistic, versatile, and generalist in
its feeding behavior, adapting its diet to changes in prey availability and utilizing the energy obtained for growth
and gonadal development.
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Fig. 3- Identified food items in the gastrointestinal contents of red rainbow trout samples: (a) Diptera,
(b)Trichoptera, (c) Plecoptera, (d) Ephemeroptera
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Table 1- The percentage abundance and frequency of occurrence of prey items present in the

gastrointestinal contents for the total samples and disaggregated by gender.

Percentage Percentage
Frequency of  .pundance % Frequency of abundance Frequency of Percentage .
occurrence P) for male occurrence (F%) (% P) for occurrence abundance (% Prey items
(F%) for the for the female 0 (F%) for the P) for the total
samples female
male samples samples samples total samples samples
60 34.05 61.53 78.26 60.37 38.94 Trichoptera
40 16.75 23.07 26.08 35.84 17.78 Ephemeroptera
27.50 3351 46.15 34.78 32.07 33.65 Plecoptera
27.50 9.73 15.38 8.69 52.24 9.61 Diptera
o) (<)
100 Trichoptera 100 Trichoptera
3; Ephemeroptera E Ephemeroptera
)
= 50 =50
2 Y
plecotera plecotera
; 0
0 Diptera .
Diptera
0 50 100 0 50 100 p
syam S syl 8B

5 () 0l () (2108 ST oo i 31 Sl doyd wla! p gliwls” KO F Jow ¢ <
Fig. 4- Costello’s graphical model based on the percentage abundance in terms of the number of food
items: (a) female, (b) male.
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