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Abstract
Salmo trutta fario is the most important fish species of family Salmonidae inhibited in cool waters all over the 
world including the nortern parts of Pakistan. This study was aimed to find out the prey selection and feeding 
habits of the species. One hundred and eighty five Salmo trutta fario were captured from March 2016 to April 2017. 
Feeding intensity as represented by a fullness index (FI), changing with various length groups and season. Out of 
185 Brown trout 24 fish stomaches were found empty. The most important and common food items of brown 
trout were Brachycentridae, Blepharocera, Hydropsychidae, ephemerella spp. Kruskal Wallis H-test were applied on 
feeding intensity groups consisting of three month group. The test statistic for K.W-H-test were (H=8.13 with df =3) 
had a p-value of 0.043 < (alpha=0.05 indicates favor of the alternative hypothesis of at least one difference among 
the feeding intensity groups. The linear relationship of N with index of relative importance and %IRI denoted by 
least square regression line (N = 35.2 + 22.1%IRI), shows that for 22 prey there is 1% change in IRI. The relationship 
between total length (mm) and fish body weight (gm) is expressed by Pearson correlation coefficient (r = 0.976), 
showed that total length (mm) and fish body weight (gm.) is highly correlated. Descriptive statistics are used for 
the stomach fullness, which shows that feeding intensity was recorded higher from March to May. A total of 2289 
preys was recorded including the most common were; Trichoptera, Hydropsychidae, Brachycentridae, diptera, 
blepharocera, ephemerala, chironomida, honey bees, grass hopper, locust, trout egg, trochanter, plant tissue, stones 
were retrieved from the gut contents of brown trout. According to index of relative importance IRI% four preys 
represents major components of the diet. The highest IRI% was recorded in Brachycentridae (39.38%), followed 
by blepharocera (13.23%), Hydropsychidae (10.76%) and ephemerella spp (8.28%). The relationship between IRI and 
FO is (r =0.556) is moderately correlated with coefficient of determination (r2=0.31). This study will help in the 
development of an artificial diet for the species for better growth performance in captivity.

Keywords: hilly areas fish, cold water, fish of economic importance, Trichoptera, diet menu.

Resumo
Salmo trutta fario é a espécie de peixe mais importante da família dos salmonídeos, inibida em águas frias em 
todo o mundo, incluindo as partes do noroeste do Paquistão. Este estudo teve como objetivo conhecer a seleção de 
presas e os hábitos alimentares da espécie. Cento e oitenta e cinco Salmo trutta fario foram capturados de março 
de 2016 a abril de 2017. Intensidade de alimentação representada por um índice de plenitude (FI), mudando com 
vários grupos de comprimento e estação. De 185 trutas, 24 estômagos de peixes foram encontrados vazios. Os itens 
alimentares mais importantes e comuns da truta marrom foram brachycentridae, blepharocera, hydropsychidae, 
ephemerellaspp. O teste H de Kruskal Wallis foi aplicado em grupos de intensidade de alimentação consistindo 
de um grupo de três meses. A estatística de teste para o teste KW-H foi (H = 8,13 com df = 3) teve um valor de p de 
0,043 <(alfa = 0,05 indica favor da hipótese alternativa de pelo menos uma diferença entre os grupos de intensidade 
de alimentação. relação de N com o índice de importância relativa e% IRI denotado pela linha de regressão do mínimo 
quadrado (N = 35,2 + 22,1% IRI), mostra que para 22 presas há 1% de mudança no IRI. A relação entre comprimento 
total (mm) e peixes o peso corporal (gm) é expresso pelo coeficiente de correlação de Pearson (r = 0,976), mostrou 
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beetles, wasp, nymphs while in closed environment 
(hatchery) eat artificial prepared food which contain 
various ingredients i.e. soya bean meals, wheat flair, dry 
milk, soybean oil, fish meal, rice bran, vitamin mineral, 
vitamin premix and vitamin (Voorhees et al., 2019).

A number of factors affect the habitat of brown trout in 
natural environment like flood, industrial effluent, domestic 
sewage and agriculture run off, change in temperature 
and acidity of water also decrease the population of 
trout in natural environment (Ginetz and Larkin, 1976). 
Species  population that are not naturally sympatric 
struggle for limited resources will occur in such population 
(Hearn, 1987). An vital mechanism through which the 
species decrease struggle is food resource separating, 
comprising both spatial and chronological distinction and 
modifications in feeding habits (Pianka, 1969; Schoener, 
1974).The relationship between linked salmonid species 
magnifies the changes in using the habitat or resources of 
food (Blanchet et al., 2007; Dineen et al., 2007; Sánchez-
Hernández and Cobo, 2016).

Brown trout are nurturing on fishes mostly because 
of higher energy consumption and growth as a result of 
piscivorous behavior and hunting (Elliott and Hurley, 2000). 
Water temperature plays a major role amongst the abiotic 
factors that affect feeding, influences development, food 
ingestion and other activity (Ojanguren  et  al.,  2001). 
Studying predator–prey relationships the prey feature 
investigation has been suggested to play a vital role 
(De Crespin de Billy and Usseglio-Polatera, 2002). Due to 
the lack of information about the feeding habit of the 
Brown trout the present study was plan to describes 
the diet composition of the species, and this study will 
help for aquaculturist to prepare artificial diet for better 
growth performance.

2. Materials and Methods

2.1. Study area

District Swat is located in the northern part of Pakistan. 
The temperature of the water bodies is from 5 to -10c 
which is suitable for the survival of the trout. The fish 
samples were captured from various localities of upper 
reaches of the river as: Liakot, Peshmal, Asrait, Mankial 
and Bahrain (Akhtar, 1991).

1. Introduction

Information on food and feeding habits of fish is very 
important for the artificial development in culture system 
which then provide a potential source of food. Brown trout 
closely related to Oncorhynchus mykiss (rainbow trout), 
Salve linus fontinalis (brook trout) and Salmo trutta labrax 
(sea trout). Rainbow trout occupied the cold waters 
of Swat, Dir, Chitral Shangla and Kohistan in Pakistan 
(Hassan  et  al.,  2007). Socio-economically and tourist 
point of view this fish play a very vital role on commercial 
level (Butler et al., 2009). Salmonids are transporter of 
energy from lower to higher trophic levels therefore lies 
on the top-consumers list in freshwater environments 
(Karlsson and Byström, 2005).

Studies on ecto and endo parasitic fauna of snow trout 
of river Swat and river Panjkora have been published by 
Khalid et al. (2020) and Ahmad et al. (2020) while there 
is no study on food and feeding habit of the species. 
Before aquaculture of a particular fish species its needs 
to knows about their breeding, growth rate death rate, 
feeding habit (Piska and Naik, 2006). Feeding habit of 
a fish is essential as it does not shows its diets but also 
indicate relationship of various ecological components 
like behavior, habitat use, energy intake and inter/intra 
specific competition (Zachariah and Abdurahiman, 2010).

Brown trout can be cultured at high altitude of about 
1000 meters above sea level this species was brought from 
Europe prior to rain bow trout which was introduced in 
1928 in cold waters of N.W.F.P (Khyber Pakhtunkhwa) 
(Ahmad and Niazi, 1988). Rainbow trout can be culture 
easily as compare to brown trout because it can survive in 
high temperature and are like less carnivorous. The species 
having short hatching time as about 33 days and its growth 
rate is fast as compared to other cold water species (Hussain, 
1994). Brown trout are opportunistic predator of insect 
and aquatic invertebrates, mollusk and bullies are present 
in the stomach of brown trout in natural environment 
(Grey, 2001). Brown trout also feed on other fishes hence 
prey and predator body components are same (Jonsson, 
2001).The prey, predator relationship can be recognized 
through diet composition (Neveu, 1979). Salmo trutta L., 
1758 (Brown  trout) is an outstanding model organism 
to examine what aspects explain dietary behaviors, 
as its trophic ecology has been study in many areas. 
These  studies reported difference in diet composition 
between populations. (Kara and Alp, 2005). Brown trout 
in open environment (river) eat worms small fish, mollusk, 

que o comprimento total (mm) e o peso corporal dos peixes (gm.) são altamente correlacionados. Estatísticas 
descritivas são usadas para a plenitude do estômago, o que mostra que a intensidade da alimentação foi registrado 
mais alto de março a maio. Um total de 2.289 presas foi registrado, incluindo os mais comuns foram; trichoptera, 
hydropsychidae, brachycentridae, diptera, blepharocera, efemérala, chironomida, abelhas, funil de grama, gafanhoto, 
ovo de truta, trocânter, tecido vegetal, pedras foram retiradas do intestino conteúdo de truta marrom. De acordo 
com o índice de importância relativa IRI%, quatro presas representam os principais componentes da dieta. O maior 
IRI% foi registrado em brachycentridae (39,38%), seguido por blepharocera (13,23%), hydropsychidae (10,76%) e 
ephemerellaspp (8,28%). A relação entre IRI e FO é (r = 0,556) está moderadamente correlacionada com o coeficiente 
de determinação (r2 = 0,31). Este estudo auxiliará no desenvolvimento de uma dieta artificial para a espécie para 
melhor desempenho de crescimento em cativeiro.

Palavras-chave: peixes de áreas montanhosas, peixes de água fria, peixes de importância econômica, tricópteros, 
cardápio de dieta
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(44.16%), Brachycentridae, (41.58). Ephemeroptera 
(12.082%), Ephemerella spp (11.10%), Coleoptera (9.335%) 
and others i.e. locust, grasshopper, plant tissues, stones, 
(26.39%) respectively. The most representative prey were 
Diptera (34.70%), Trichoptera (33.87%), Brachycentridae 
(29.32%), Blepharocera (22.83%) and others i.e. diphtheria, 
honey bee, grass hopper (16.86%), and trochanter etc. and 
Ephemeroptera (11.52%) respectively. According to IRI% four 
item represent major components in diet composition, 
the most important among them are Brachycentridae 
(39.38%), Blepharocerca (13.23%), Hydropsychidae (10.76%) 
and Ephemerlla spp (8.28%) respectively listed in Table 1 
(Equation 3). 

In various diet components the percentage of N, W, FO 
and IRI are as i.e. Brachycentridae (%N is 29.3, %W is 41.6, 
%FO is 9.2 and %IRI is 39.8), in Hydropsychidae (%N is 4.1, 
%W is 4.6, %FO is 3.7 and %IRI is 10.8), in Chimara (%N is 
0.4, %W is 0.6, %FO is 1.4 and %IRI is 0.1), in Ephemerella 
spp (%N is 6.3, %W is 11.1, %FO is 7.8 and %IRI is 8.3), in 
Baetis spp (%N is 5.2, %W is 1.0, %FO is 8.3 and %IRI is 0.6), 
in Chironomida (%N is 9.9, %W is 2.6, %FO is 5.3 and %IRI 
is 4.0), in Chrysops (%N is 1.0, %W is 0.6, %FO is 2.1 and 
%IRI is 2.0), in Simulium (%N is 1.0, %W is 0.5, %FO is 1.6 
and %IRI is 0.2), in Blepharocera (%N is 22.8, %W is 0.1, %FO 
is 9.4 and %IRI is 13.2), in Elemidae (%N is 3.9, %W is 9.3, 
%FO is 6.2 and %IRI is 5.0), in Coenagrionidae (%N is 0.8, 
%W is 1.2, %FO is 2.4 and %IRI is 0.3), in Eurobodalla spp 
(%N is 0.4, %W is 0.3, %FO is 2.6 and %IRI is 0.1), Dapthera 
(%N is 5.7, %W is 8.6, %FO is 10.6 and %IRI is 9.2), Honey 
bee (%N is 0.7, %W is 2.9, %FO is 8.8 and %IRI is 1.9), Grass 
hopper (%N is 2.6, %W is 4.6, %FO is 5.0 and %IRI is 2.2), 
Locust (%N is 2.8, %W is 6.0, %FO is 5.9 and %IRI is 3.2), 
Trochanter (%N is 1.4, %W is 0.1, %FO is 4.0 and %IRI is 0.4), 
Trout eggs (%N is 0.7, %W is 2.0, %FO is 0.9 and %IRI is 0.1), 
Plant tissues (%N is 0.7, %W is 0.7, %FO is 2.9 and %IRI is 
0.2) and Stones (%N is 0.4, %W is 1.5, %FO is 1.8 and %IRI 
is 0.2). The graph shows the percentage of N, W, FO and 
IRI of various diet components in Figure 1.

In various length groups of brown trout fish, the GSI, 
Fullness Index (Equations 1 and 2), the total length of fish 
and weights of Gut and gut contents are listed in Table 2.

Table 3 shows the monthly variation of GSI and Fullness 
index in which there is a high GSI in May and the lowest 
in July, also there is a high fullness index in May and a 
lowest in December.

Monthly wise the total number of stomach studied and 
the percentages empty stomach are, in January 18.18%, 
February 7.14%, March 23.07, April 11.11%, May 19.04%, 
June 4%, July 0%, August 10.52%, September 25%, October 
11.11%, November 14.28% and December 25% respectively. 
Figure 2: also shows the no of stomach and empty stomach 
values on monthly basis.

The relationship of different variables are listed in 
table 4. There is a positive correlation between N and W 
(r=0.711) with coefficient of determination (r2=0.594), 
a moderate positive correlation between FO and N 
(r=0.616) with coefficient of determination (r2=0.379).
The relationship between W and FO with (r=0.468) is 
moderate positive correlated having strength of relationship 
with (r2=0.219). The relationship between IRI and N with 
(r=0.893) is a positive perfectly correlated with coefficient 

2.2. Fish sampling and laboratory analysis

Fish were collected from March 2016 to April 2017 with 
mesh net, gillnets, and trammel nets. The collection was 
based on monthly basis. The percentage number of fish 
were calculated from caught fish and their weight were 
calculated by using digital balance.

2.3. Preservation

Captured fish samples were preserved in 10% formalin 
for further analysis.

2.4. Identification of prey item

The fish were preserved in container and tagged it 
indicating the name of each fish, collection site, date, and 
locality of the area. Total length, weight and gut content 
of the fish were recorded. Gut of fish was dissected in 
laboratory. Slides were prepared and observed under 
compound microscope. Retrieved various diet composition 
and weighted of full gut and empty gut were recorded 
in order to note the weight of the food in the stomach. 
Partially digested prey items were identified to the lowest 
taxonomic category.

2.5. Data analysis

2.5.1. Fullness index

Fullness index were calculated by using the following 
equation to show the feeding intensity (Equation 1),

 Wieght of the foodFI *100
Total wieght of fish

= 	 (1) 

Gastro Somatic Index (GSI):
Feeding intensity of each fish can measure by calculating 

GSI by the following equation (Equation 2).

 Total weight of the full gutGSI  *100
Total weight of fish

= 	 (2) 

Dietary importance of food category was determine by 
using index of relative importance (Pinkas, 1971).

IRI  N% W %*FO%= + 	 (3)

Where FO% is the percentage frequency of occurrence 
of stomach in which food item is present relative to the 
total number of stomach containing food item. N% is the 
numeric percentage of individual of food item relative to 
the total number of food item in the stomach, and W% 
is the percentage of food item relative to the weight of 
total stomach contents. Percentage of weight (W %) was 
used in place of volumetric percentage (Pita et al., 2002).

3. Results

A total of 2899 preys were retrieved from 185 brown 
trout stomachs and their average weight were 70.269g. 
The highest weight proportion of the diet was composed 
of Trichoptera (46.79%), followed by Hydropsychidae 
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4. Discussion

The presents study aimed to determine the prey 
selection and feeding habits of Salmo trutta fario (brown 
trout) in upper parts of river Swat, Pakistan and the data 
were taken from March 2016 to April 2017. During the study 
period a total of 185 guts of the brown trout were examined 
among a total of 2289 preys. Twenty four stomachs were 
found empty. Feeding intensity was represented by 
fullness index (FI), changing with various length groups 
and season. The most important food item of brown trout 
were Brachycentridae, Blepharocera, Hydropsychidae 
and ephemerella spp. The stomach fullness shows that 
feeding intensity was recorded higher from March to 
May. A total of 2289 preys mostly including; trichoptera, 
Hydropsychidae, Brachycentridae, diptera, blepharocera, 
ephemerala, chironomida, honey bees, grass hopper, locust, 

of determination (r2=0.797). The relationship between IRI 
and W with (r=0.917) is strongly positive correlation having 
coefficient of determination (r2=0.840). The relationship 
between IRI and FO with (r=0.556) is moderately positive 
correlated with coefficient of determination (r2=0.30). The 
Pearson correlation coefficient of Total length (mm) and 
Fish body weight (gm.) is 0.976 (p-value = 0.02).

The least square regression line (N = 35.2 + 22.1 %IRI) 
between number of Prey and %IRI shows that if there is one 
percent change in IRI there will be 22 in prey number, it 
means that if 22 prey there will be one percent change in 
prey. Kruskal Wallis test were applied on feeding intensity 
the H statistic (H=8.13 with df=3 and P=0.043) indicates that 
on average the feeding intensity among different season 
is not equal there is at least one significant difference 
between feeding intensity among different groups. Figure 3 
also shows the relationship.

Table 1. Food item and their relative importance index in the diet composition of brown trout.

PREY N %N W %W FO %FO IRI %IRI

Trichoptera 982 33.87 32.88 46.79 113 61.08 4926.7

Brachycentridae 850 29.32 29.22 41.58 73 39.45 2797.1 39.38

Hydropsychidae 119 4.10 3.21 44.16 29 15.67 756.23 10.76

Chimera 13 0.44 0.45 o.641 11 5.94 6.42 0.09

Ephemeroptera 334 11.52 8.49 12.08 128 69.18 1632.7

Ephemerellaspp 182 6.27 7.80 11.10 62 33.51 582.06 8.28

Baetis Spp 152 5.24 0.69 0.981 66 35.67 40.23 0.57

Diptera 1006 34.70 2.698 3.839 147 79.45 3061.9

Chironomida 286 9.86 1.850 2.632 42 22.70 283.56 4.03

Chrysops 28 0.96 0.448 0.637 17 9.189 14.67 0.20

Simulium 30 1.034 0.33 0.469 13 7.027 10.56 0.15

Blepharocera 662 22.83 0.07 0.099 75 40.54 929.54 13.23

Coleoptera 112 3.86 6.56 9.335 49 26.48 349.40

Elemidae 112 3.86 6.56 9.335 49 26.48 349.40 4.97

Odonata 23 0.73 0.87 1.23 19 10.27 20.12

Coenagrionidae 23 0.73 0.87 1.23 19 10.27 20.12 0.28

Hirudinea 11 0.37 0.22 0.313 21 11.35 7.75

Erobdellaspp 11 0.37 0.22 0.313 21 11.35 7.75 0.11

Others 431 14.86 18.55 26.39 317 171.35 7069.5

Dapthera 165 5.69 6.02 8.56 84 45.40 646.95 9.2

Honey Bee 20 0.68 2.01 2.86 70 37.83 133.91 1.9

Grass Hopper 75 2.58 3.23 4.59 40 21.62 155.14 2.2

Locust 81 2.79 4.25 6.048 47 25.40 224.48 3.19

Trochanter 40 1.37 0.1 0.142 32 17.29 26.14 0.37

Trout Eggs 20 0.68 1.4 1.99 7 3.78 10.10 0.14

Plant Tissues 19 0.65 0.50 0.17 23 12.43 16.91 0.24

Stones 11 0.37 1.04 1.48 14 7.56 13.98 0.19

Total 2899 194.7 70.26 186.3 794 445.99 7025.2 100.00

Where N=Number, W=Weight, FO=Frequency of occurrence, IRI=Index of relative importance.
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The study clearly showed that the most representative 
prey were dipteral (34.70%) trichoptra (33.87%) 
Brachycentridae (29.32%) and blepharocera (22.83%) 
By  weight the large proportion of diet composed of 
trichoptra (46.79%) Hydropsychidae (44.16%) and 
Brachycentridae (41.58%). Terrestrial insect numbers were 
increase during summer season and nymphs. During winter 
season because of their availability and similar diet 
have been identified from the trout living in the river of 
New Zealand (Burnet, 1969) and in France and in wales 
(Thomas, 1962; Elliott, 1973). The higher GSI value was in 
the month of April (7.32) and May (8.95) which indicate 
the large amount of food intake during these months and 
emphasized that when seasonal temperature arises the 
weight of ingested food item also increased (Elliott, 1973) 
The relationship between N and W is (r=0.711) is positive 
correlation with coefficient of determination (r2=0.594).
The relationship between FO and N is (r=0.616) is moderate 

trout eggs, trochanters, plant tissues, stones were recovered 
from the gut contents of brown trout. According to index 
of relative importance (IRI %) four preys represents major 
components of the diet. Food items and their relative 
importance Index in the diet composition of brown trout 
were present in the Table 1.

The highest IRI% was recorded in Brachycentridae 
(39.38%), followed by Blepharocera (13.23%), Hydropsychidae 
(10.76%), ephemerella spp (8.28%) and presented in the 
Figure 1.Kruskal Wallis test were applied on feeding 
intensity the H statistic (H=8.13 with df =3 and P=0.043) 
indicates that on average the feeding intensity among 
different season is not equal there is at least one significant 
difference between feeding intensity among different 
groups. Figure 3 also shows the relationship between 
Feeding intensity and Length groups. Figure 4 also shows 
the graphical presentation of full gut weight and gut 
contents among various length groups

Table 2. GSI and fullness index of various length groups of brown trout.

Length (mm) 101-150 151-250 251-350 351-450 Average

Total length (mm) 126.2 170.3 301.2 402.1 249.9

Fish body weight(gm) 203 213 250 314 245

Gut length (mm) 184.1 206.1 265 323.5 245.6

Weight of full gut (gm) 41 52 77 84 63.5

Weight of gut content (g) 19.5 22.3 42.5 51.1 33.8

GSI 20.19 24.41 28.4 26.75 24.9

FI 9.6 10.46 17 16.27 13.3

Table 3. Relationship among FI and GSI on monthly basis.

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

GSI 3.5 4.2 7.12 7.32 8.95 6.9 2.5 4.63 6.35 3.33 3.45 2.8

FI 1.28 1.47 2.95 3.02 3.11 2.35 2.61 1.81 1.25 1.01 1.031 0.815

Figure 1. Percentage of N,W, FO and IRI of various diet components.
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positive correlation with coefficient of determination 
(r2=0.379).The relationship between W and FO is (r=0.468) 
is moderate positive correlation with coefficient of 
determination (r2=0.219).The relationship between IRI and 
N is (r=0.893) is strong positive correlation with coefficient 
of determination (r2=0.797).The relationship between 
IRI and W is (r=0.917) is strong positive correlation with 
coefficient of determination (r2=0.840).The relationship 
between IRI and FO is (r=0.556) is moderate positive 
correlation with coefficient of determination (r2=0.309).

It was concluded that brown trout is the principal species 
of family Salmonidae inhibited in cool water bodies of the 
study areas. Gut contents of brown trout were analyzed on 
monthly basis. Present study will help in the development 
of an artificial diet for better growth in captivity for the 
members of the family Salmonidae. In the present findings 

some quantity of sand also observed from the stomach 
which shows their benthic feeding habit. This study was 
further supported from the research of (Richardson, 1993) 
who suggested that bathetic production have confined the 
salmons production.
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