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Abstract: Examination of brown trout seasonal diet variation and investigation of terrestrial prey
importance in a food-rich stream using four indices of prey importance (number and weight abun-
dance, frequency of occurrence, index of relative importance) revealed that aquatic prey constituted
the major part of the diet (>90%) throughout the examined period. Despite Gammaridae being the
most abundant in the environment, other less abundant organisms appeared to be important prey,
including terrestrial organisms, with maximum consumption in September. The electivity index
showed a positive selection of rare prey types; Tokeshi’s model revealed a specialist strategy for
most of the population, except for those of 1+ age, who were inclining to generalist strategy. Diet
diversity increased throughout April to October, and ages 1+ and 2+ exhibited a more diverse diet
than older ages. Diet overlap between age classes was considerable, with less overlap observed in
the later season. This pattern of differentiation in the diet of brown trout age classes and their feeding
plasticity over seasonal scales, as observed in this food-rich stream, provides a starting point for
further examination of this topic in streams with similar or different food richness and availability.

Keywords: brown trout diet; feeding ecology; diet diversity; selectivity; ontogenetic shift

1. Introduction

The socioeconomic importance of brown trout (Salmo trutta L., 1758) as an attractive
fish species in recreational fishing puts this species in the spotlight of numerous ecological
studies [1–11]. Aside from a few basic requirements it shares with other salmonids, brown
trout has a worldwide distribution and can live in habitats that may differ significantly,
thus making each local study a valuable contribution to knowledge about the feeding
patterns and ecological plasticity of this species.

Favorable water temperature and physicochemical characteristics, stable water level,
habitat heterogeneity, and sufficient food supply support salmonid growth [12]. Concerning
its food requirements, brown trout is a carnivore that feeds on aquatic and terrestrial
macroinvertebrates and smaller fish. As a visual forager, it relies on its good vision and
agility to catch prey from the stream bed, drift, and water surface, and even airborne
prey [13]. Life in a stream or a small river is challenging, with the fish foraging while
constantly struggling with water flow and the fluctuating quantity and quality of available
food. For these reasons, stream-dwelling brown trout has slower growth rates [14] in
comparison with migratory, sea, or lake trout, which inhabit the more resilient ecosystems
of oceans and lakes. In some rivers, the food available to brown trout can be diverse and
abundant; in others, it can be diverse but not as abundant. Some rivers can be depleted of
life so that brown trout struggles to survive and its growth is impeded. As fry, brown trout
mainly feed on small benthic invertebrates.
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As they grow, they feed on larger invertebrate prey (aquatic, aerial, terrestrial) and
finally fish [15]. Piscivory usually begins when 20–30 cm of body length is reached [16,17].
This ontogenetic shift in diet follows morphological changes during growth, primarily
increased mouth-gape size and strength for swimming and chasing prey [2,18]. The energy
spent on catching prey of any size is similar, yet a bigger prey yields more energy, so
salmonids will grow larger where a larger prey is available [14,19].

Although older fish feed on larger invertebrate and fish prey and rely more on ter-
restrial prey, they do not disregard smaller prey [8]. Several studies have shown that the
biggest differences are between early periods of life (larvae and juveniles), whereas after
the age of 2+ (i.e., adulthood), dietary differences are minimal [18,20]. Nevertheless, some
differences between adult males and females have been reported, especially during the
reproductive period, caused mainly by male territoriality [10]. Intraspecific hierarchies can
result in dominant fish maintaining optimal positions for feeding, with optimal access to
food resources, thereby achieving the highest specific growth rates [21]. Competition for
food between age classes is compensated by different microhabitat preferences, strategies,
and preying on different prey [3].

Salmonids are usually considered either opportunists or generalists [22,23]. A predator
shows certain selectivity in predation if the relative frequencies of prey types in the diet
are different from the relative frequencies of these organisms in the environment [24]. A
generalist can be described as a predator that has a diverse diet and high numbers of
consumed prey, and a specialist predator as one with low prey diversity but large numbers
of prey [3]. Several studies that have analyzed the feeding habits of brown trout speak in
favor of their selectivity as predators [3,7,20,25]. Many studies have analyzed differences
between (sub) populations and different habitats, as well as between age classes. Bridcut
and Giller analyzed predator strategies within a subpopulation and for the individual over
time and showed that even individual fishes (tagged and repeatedly recaptured) displayed
different foraging strategies within one habitat over time, interchanging from a generalist
to a specialist strategy [3]. A higher occurrence of generalists was observed in riffle habitats
at all sites, especially in summer. On the other hand, specialization was more present
among trout occupying pools during the summer and autumn months [3].

Most fly fishers would say that brown trout displays a spectrum of behaviors from
opportunistic to selective feeding depending on the river type, present hatching, season
and time of day, water temperature, and so forth. Fly fishers define selective behavior as
the likelihood that trout will rise to or ignore certain artificial flies. It is believed, based on
fly fishing experience, that trout in a food-rich stream behave selectively because of satiety,
and that their attention will be focused only on current hatching or a fly of recognizable
size, shape, and color. In contrast, in an infertile stream, fish will rise for almost any
edible-looking object because they do not have the luxury to be selective. Additionally, in
infertile rivers fish, to a great extent, rely on terrestrial insects that fall into the water [26,27].

The aim of this study was to explain the growth of brown trout and the diet variations
of various age classes over seasonal scales. Different prey ratios in the diet and in relation to
its presence in the environment served to analyze the diet structure from April to October.
In addition, we investigated whether terrestrial prey were relevant even when there was
enough food in the environment.

2. Materials and Methods
2.1. Study Design and Site/Area Description

The study was carried out in eastern Serbia (Balkans) on a salmonid stream, Belosavac,
a tributary of the Mlava River (N 44◦12′03.0′′, E 21◦44′57.4′′, altitude of 304 m, Figure 1).
The Mlava River is the right tributary of the Danube, located in eastern Serbia. The
Belosavac stream joins the Mlava River not far from its source.



Water 2021, 13, 2492 3 of 23

Water 2021, 13, 2492 3 of 24 
 

 

Figure 1). The Mlava River is the right tributary of the Danube, located in eastern Serbia. 

The Belosavac stream joins the Mlava River not far from its source. 

The study was designed as a field experiment in the open hydrographic system of 

the Belosavac stream. The concept of the study was to examine the diet of a single popu-

lation at one locality during one season. Fish and macroinvertebrates were sampled 

monthly in 2015 at the same locality from April to October. As live fish were handled for 

measuring and diet sampling, fieldwork was undertaken once a month so that the fish 

could completely recover between sampling rounds. The design included a comparison 

of the diet and availability of environmental prey (stream macroinvertebrates and terres-

trial animals—insects, mollusks, arachnids, etc.) so that available prey were sampled at 

the same time as fish diet. 

 

Figure 1. Map of the study area. 

At the researched locality, the stream bed consists of large rocks (45%), gravel (45%), 

and sand (10%), as assessed during the study [28]. The stream is about 5 m wide, with a 

maximum depth of 100 cm measured in April on the researched stretch. The stream bed 

was 20–50% covered with vegetation predominantly consisting of the macrophyte Berula 

erecta (Huds.) Coville and was easily wadeable. The banks are flanked by willows (Salix 

spp.) and agricultural lowland grain fields and nearby plum orchards. The water was 

clear, with a temperature of about 11 °C with minor deflections; during the research pe-

riod, the lowest temperature was measured in April (9.6 °C) and the highest in August 

and September (12.8 °C). Conductivity was in the range of 400–478 μS cm−1, which is in 

accordance with the geology of the area (limestone). The water flow velocity of the stream 

was measured to be 0.3 to 0.6 m/s depending on the water level and macrophyte coverage 

during the period of research. Most of the fish were taken from the smaller wadeable 

stream Belosavac (250 m stretch) and the Mlava River along a short stretch (20–30 m) 

where the Belosavac joins it. Fish fauna was represented mainly by brown trout, rainbow 

Figure 1. Map of the study area.

The study was designed as a field experiment in the open hydrographic system of the
Belosavac stream. The concept of the study was to examine the diet of a single population at
one locality during one season. Fish and macroinvertebrates were sampled monthly in 2015
at the same locality from April to October. As live fish were handled for measuring and diet
sampling, fieldwork was undertaken once a month so that the fish could completely recover
between sampling rounds. The design included a comparison of the diet and availability of
environmental prey (stream macroinvertebrates and terrestrial animals—insects, mollusks,
arachnids, etc.) so that available prey were sampled at the same time as fish diet.

At the researched locality, the stream bed consists of large rocks (45%), gravel (45%),
and sand (10%), as assessed during the study [28]. The stream is about 5 m wide, with a
maximum depth of 100 cm measured in April on the researched stretch. The stream bed was
20–50% covered with vegetation predominantly consisting of the macrophyte Berula erecta
(Huds.) Coville and was easily wadeable. The banks are flanked by willows (Salix spp.)
and agricultural lowland grain fields and nearby plum orchards. The water was clear, with
a temperature of about 11 ◦C with minor deflections; during the research period, the lowest
temperature was measured in April (9.6 ◦C) and the highest in August and September
(12.8 ◦C). Conductivity was in the range of 400–478 µS cm−1, which is in accordance with
the geology of the area (limestone). The water flow velocity of the stream was measured to
be 0.3 to 0.6 m/s depending on the water level and macrophyte coverage during the period
of research. Most of the fish were taken from the smaller wadeable stream Belosavac (250 m
stretch) and the Mlava River along a short stretch (20–30 m) where the Belosavac joins it.
Fish fauna was represented mainly by brown trout, rainbow trout (Oncorhynchus mykiss,
Walbaum, 1792), chub (Leuciscus sp.), common minnow (Phoxinus phoxinus, Linnaeus,
1758), Danube barbel (Barbus balcanicus Kotlík, Tsigenopoulos, Ráb, and Berrebi, 2002),
and bullhead (Cottus gobio, Linnaeus, 1758). All common groups of macroinvertebrate
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communities were present, with crustaceans from the Gammaridae family prevailing in
abundance over other taxa.

2.2. Fish Measuring and Diet Sampling

A total of 232 fish individuals were caught during the research period. To collect fish,
standard, battery-powered, backpack electrofishing gear was used. After measuring their
size (standard length (SL) up to the nearest mm using a measuring tape, and weight (W)
up to the nearest g using a digital scale), fish stomachs were flushed with clean water with
a syringe and a silicone tube [29]. After processing, the fish were kept in a container with
fresh aerated water until recovery and were subsequently released. The stomach content
was extracted from each fish and stored in 70% alcohol.

2.3. Von Bertalanffy Growth Model, Condition Factor, and Length–Weight Regression

Fish age classes were determined for each month’s sample based on the curves of SL
and W frequencies and from scales taken from brown trout in the field. From the mean
SL values, von Bertalanffy growth parameters were calculated: L∞ (maximal asymptotic
length), t0 (age at which scales start to grow), K (growth coefficient), and Φ’ (overall growth
performance–growth quality) [30,31]. The condition factor (CF) [32] was calculated for each
individual fish, and the mean CF was calculated for each age class and month as follows:

CF = (W/SL3) × 100, (1)

with W being the weight (g) and SL being the standard length (cm). Each month’s sample
growth was examined for isometry using linear regression of the log-transformed SL and
W. The obtained regression coefficient b was then tested with the t-test to compare it with
the isometric growth expected value (b = 3).

2.4. Macroinvertebrates from the Environment and Stomach Content

Benthic macroinvertebrates (macrozoobenthos) were collected by standard sampling
with a benthological hand net (mesh size: 500 µm) from all available habitats (standard
multihabitat sampling procedure), 10 subsamples taken according to habitat presence [28],
referred to as a benthos sample. Drifting organisms were sampled with a drift net (frame
size: 33 × 31 cm) placed in three locations on the studied stretch for 1 h. All macroinverte-
brates from benthos and drift samples were counted and identified to the family, species,
or genus level. Samples of extracted stomach contents were sorted, counted, and identified
to the lowest possible level, and then damp-dried on a paper towel and weighed on an
analytical balance with a sensitivity of 1 mg. The stomach contents were examined in the
laboratory under a binocular stereomicroscope. Prey species were identified to various
taxonomic levels depending on the taxon in question; terrestrial taxa were identified mainly
to higher ranks than aquatic macroinvertebrates. Identified prey taxa were merged to fewer
prey categories (30) for easier data management, analysis, and interpretation of results. All
data were sorted by monthly samples of prey found in the diet and in the environmental
samples. The data of consumed prey were sorted for the entire population and for age
classes to calculate the indices of prey importance, diet diversity, diet overlap, electivity
index, and Tokeshi’s graphical model.

2.5. Prey Importance and Diet Diversity

Prey importance and diet structure were analyzed using the abundance (A) of each
prey type, frequency of occurrence (F), and index of relative importance (IRI). Diversity of
diet was expressed with Simpson’s diversity index for age classes and for population by
month. Abundance was calculated by the number and weight of consumed prey:

ANi = (Ni/Nt) × 100 (%), (2)

AWi = (Wi/Wt) × 100 (%), (3)
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with N being the number of individuals of each consumed prey type (i) and Nt being the
number of total consumed prey (for all fish of a subgroup, age class, or whole population).
W is the weight of each consumed prey type (i), and Wt is the total weight of consumed
prey (for all fish of age class or population).

Another parameter often used in prey importance assessment is the frequency of
occurrence, which is calculated as the proportion of stomachs containing a certain prey:

Fi = (Pi/Pt) × 100 (%), (4)

with P being the number of predators in which each prey type (i) occurred and Pt being the
total number of predators.

Although the abundance and frequency of occurrence each can be used to assess
prey importance in diet, the index of relative importance (IRI) integrates all three and is
calculated as:

IRI = (AN% + AW%) × F%, (5)

with AN being the abundance based on the number of prey, AW being the abundance
based on the weight of the prey, and F being the frequency of occurrence [33,34].

Diet diversity (for fish subpopulation/individual fish) was tested with Simpson’s
diversity index:

D = 1 − ΣNi(Ni − 1)/Nt(Nt − 1), (6)

value 0–1 (low–high), where Ni is the number of prey type i, and Nt is the total number of
all prey items.

All calculations and graphs were performed in MS Excel 2010.

2.6. Importance of Terrestrial Prey in a Food-Rich Stream

Prey types were grouped into three major categories for the assessment of the impor-
tance of terrestrial prey, differentiated by their origin, benthos, terrestrial organisms, and
flying adults of aquatic species. Although rare in samples, fish as prey was categorized as
the fourth group. Brown trout prey on all of the abovementioned organisms. To estimate
the importance of terrestrial prey in the diet of brown trout, this prey group was compared
with aquatic adult and benthos prey proportions for each age class, in every month and for
the whole population, using the AN, AW, F, and IRI indices. Selectivity toward terrestrial
prey was also assessed for each prey type separately. All calculations and graphs were
performed in MS Excel 2010.

2.7. Diet Overlap among Age Classes

Diet overlap was estimated by Pianka’s modification of the MacArthur and Lewin
index [35], calculated as:

O = Σ(ANij × ANik)/sqrt(ΣANij
2 × ΣANik

2), (7)

where j and k represent the subgroups whose overlap is estimated, and AN is the proportion of
the number of prey items of category i with O having the value 0 to 1 (low to high overlap).

2.8. Predation Selectivity

To analyze predation selectivity, the electivity index was used [36,37]. The electivity
index is calculated based on Chesson’s coefficient (Wi) [24]:

Wi = (di/ei)/Σ(di/ei), (8)

where di is the proportion of a certain prey type (i) in the diet, and ei is the proportion of a
certain prey type (i) in the environment (benthos/drift). When the Wi value is obtained,
electivity is calculated as follows:

E = (Wi − 1/n)/(Wi + 1/n), (9)
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where n is the number of prey categories. E can range from −1 to +1, where −1 is negative
selection or prey is unavailable to the predator, and +1 is positive selection. The calculation
was performed in MS Excel 2010.

Foraging strategy was also assessed with Tokeshi’s graphical model [38] based on the diet
diversity of age classes and population diet diversity data using Statistica for Windows (ver. 12).

2.9. Statistical Analysis

The unweighted pair-group average (UPGMA) method of hierarchical cluster analysis
that used Euclidean distances was applied to determine the relationships between the
age classes for different prey importance parameters (e.g., AN, AW, F, and IRI indices)
and components (e.g., overall, Gammaridae, and terrestrials) of their diet in the research
period. The program Statistica for Windows (ver. 12) was used for the analysis and making
of figures.

3. Results
3.1. Fish Body Measurements and Growth Parameters

A total of 232 fish individuals were examined and measured; their SL and W were
obtained and are presented for age classes (Table S1). The mean parameters of Bertalanffy’s
growth model were as follows: L∞ = 42.35 cm, t0 = 0.57, and K = 0.36. Growth quality Φ’
was in the range 5.96–6.38 in monthly samples, which corresponded to the values expected
for brown trout (6–6.5). The condition factor was lowest for age class 0+ and highest for the
oldest classes (Table 1). The mean condition factor was highest in late spring and during
summer months (May, June, and July), and increased from age 1+ to 4+. Linear regression
of the log-transformed SL and W was performed for all fish in the monthly samples. The
R value was high (0.9), which shows that SL–W has a strong relationship. b≈3 indicates
isometric growth, which was confirmed with the t-test (mean = 2.99, STDEV = 0.06, t-value
−0.394, N = 7, p = 0.707, and the hypothesized mean of b is in the confirmation limits).

Table 1. Condition factor (CF) of brown trout by age group and month.

Age Class April May June July August September October Mean CF for Each Age Class

0+ - - - - 1.67 1.58 1.53 1.59
1+ 1.49 1.82 1.65 1.81 1.71 1.64 1.45 1.66
2+ 1.51 1.72 1.98 1.65 1.66 1.63 1.52 1.67
3+ 1.67 1.74 1.85 1.79 1.62 1.84 1.56 1.73
4+ 1.74 1.94 1.74 1.86 1.66 1.66 1.47 1.73

Mean CF for each month 1.60 1.81 1.81 1.78 1.67 1.67 1.51

3.2. Benthos, Drift, and Diet Samples

All identified benthos and drift taxa (Table S2), as well as taxa determined as prey
in diet samples, were merged into 30 prey categories (Table 2) in order to calculate the
proportion of consumed prey types, for each prey category, by age class and in total for
each month (Table S4).

Benthos and drift samples revealed constant domination of Gammaridae in the en-
vironment and the presence of common benthic taxa and terrestrial organisms (Table S2).
The macroinvertebrate community consisted of abundant Gammaridae with a seasonal
average of 92%; Platyhelminthes, 2.55%; Chironomidae and Simuliidae, 1.92%; Mollusca
1.34%; Oligochaeta, 1.06%; Ephemeroptera, 1.01%; Coleoptera, 0.25%; and Trichoptera,
0.18%. Other groups contributed slightly, as assessed by analysis of standard benthos
sampling. In the drift sample, the average seasonal proportions were somewhat different.
Gammaridae were again the most abundant group with 93%. Ephemeroptera were present
with 2.17%; Platyhelminthes, 2.09%; Chironomidae and Simuliidae, 1.89%; Coleoptera,
0.54%; Oligochaeta, 0.17%; Mollusca, 0.15%; and others had a lower share. Terrestrial
organisms collected in the drift were Hymenoptera with 0.38% abundance; Collembola,
0.33%; Diptera, 0.19%; Araneae and Opiliones, 0.17%; and others. During the season, the
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proportions of different prey taxa varied. Those proportions were used to calculate the
electivity index for each monthly sample.

Table 2. List of all identified prey taxa in diet samples of brown trout merged into 30 prey types.

Prey Type Included Taxa
Benthic prey

1 Oligochaeta Oligochaeta, Eiseniella tetraedra and others
2 Gammaridae Gammarus sp.

3 Platyhelminthes and Hirudinea Dugesia lugubris, Schmidt, 1861., Crenobia alpina, Dana, 1766,
Erpobdella vilnensis, Liskiewicz, 1925

4 Mollusca Pisidium sp., Ancylus sp.
5 Hydracarina Hydracarina
6 Chironomidae and Simuliidae Chironomidae and Simuliidae (larvae and pupae)
7 Limoniidae and Pediciidae Eloeophila sp., Dicranota sp., Dicranoptycha sp. (larvae)
8 Tipulidae and Tabanidae Tabanus sp., Tipula sp. (larvae)
9 Ephemeroptera larvae Baetis sp., Heptagenia sp., Ephemera danica, Müller, 1764, Ephemerella sp.
10 Plecoptera larvae Nemoura sp., Rhabdiopteryx sp.
11 Trichoptera larvae with cases Beraeidae, Glossosoma sp., Potamophylax
12 Trichoptera larvae caseless Lype sp., Plectrocnemia sp., Rhyacophila sp.
13 Aquatic Coleoptera and Heteroptera larvae Limnius sp., Elodes sp., Elmis aenea, Dytiscidae (larvae)

Flying adults of aquatic prey (aerial adults)

14 Ephemeroptera adults Baetis sp.

15 Trichoptera adults Glossosoma sp., Lype reducta, Potamophylax luctuosus, P. latipennis,
Silo nigricornis, Psychomyiidae

16 Aquatic Diptera adults Chironomidae, Simuliidae, Dolichopodidae
17 Plecoptera adults Plecoptera

18 Aquatic Coleoptera and Heteroptera adults Limnius sp., Hydraena gracilis, Esolus angustatus, Elmis aenea,
Pomatinus substriatus, Mesoveliidae

Terrestrial prey (adults and larvae)

19 Acari, Araneae, and Opiliones Acari, Araneae, and Opiliones
20 Collembola Collembola
21 Gastropoda Gastropoda
22 Diptera Muscidae and others

23 Coleoptera and Staphylinidae Chrysomelidae, Cantharidae, Curculionidae, Coccinellidae, Scarabaeidae and
others, Staphylinidae

24 Hymenoptera Hoplocampa flava, Vespoidea, and others
25 Hymenoptera Formicidae Formicidae
26 Heteroptera Cicadomorpha and others
27 Dermaptera, Mecoptera, Psocoptera and Neuroptera. Forficula auricularia, Linnaeus, 1758, Panorpa sp., Osmylus sp.
28 Lepidoptera larvae Lepidoptera larvae
29 Orthoptera Ensifera

Fish

30 Fish Cottus gobio, Phoxinus phoxinus

To obtain improved resolution of the results, the 0+ age and fish with empty stomachs
were excluded from diet analyses, as well as fish with fewer than five prey items, and
166 brown trout were included in the diet analysis. A total of 6913 individual prey items
from diet samples were counted with a total wet weight of 91.07 g. The highest numbers
and weights of prey consumed by one predator were recorded in May and September. The
maximum number of prey items in one stomach was 361, found in an individual from the
September sample (age 3+); the maximum weight of prey was 7.15 g in the stomach of an
individual from the May sample (4+) (Table S3). In both individuals, almost the entire diet
was composed of Gammaridae. The most abundant prey in the environment as well as
in the total diet was Gammarus sp. (93.26% AN in the benthos and 90.50% AN in the drift;
78.85% AN and 79.97% AW in total analyzed diet).

3.3. Diet Description According to Number (AN) and Weight (AW) Abundance, Frequency of
Occurrence (F), and Index of Relative Importance (IRI)

The importance of different prey types in the diet of brown trout of particular age
classes (Table S4) and the most important five prey according to all indices for the popula-
tion (Table 3) revealed that Gammaridae were the most abundant prey, both in number
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and weight in almost all age classes and for every month. Age 4+ had a high consumption
of Gammaridae during the entire period with a significant drop in September. The change
in proportion of Gammaridae in the diet of the entire population throughout the research
period from April to October exhibited a decreasing trend, from more than 90% in April
to 50%–70% in September and October based on all four parameters (AN, AW, F, and IRI)
(Table S4, Figures 2 and 3), while the proportion of Gammaridae in the environment did
not change. Cluster analysis showed that consumption of Gammaridae by age 4+ stood out
by AN and AW, while by F and IRI 4+, it clustered together with age 2+ (Figure S1). April,
May, and July clustered together as months with the highest Gammaridae consumption,
while September and October stood out as months with the lowest consumption of this
prey (AN, AW, F, and IRI) (Figure S2).

Table 3. The top 5 prey in the diet of brown trout at the population level, according to the AN, AW, F, and IRI parameters in
% (only values for the first 5 prey for each month are shown).

AN APR MAY JUN JUL AUG SEP OCT

Gammaridae 97.01 84.62 73.86 81.95 61.11 79.98 54.97
Ephemeroptera larvae 1.37 10.07 8.12 10.60 4.26 2.27

Plecoptera larvae 0.75
Chironomidae and Simuliidae 0.50 0.84 3.06 23.39 4.33 37.04

Trichoptera adult 0.12 2.14
Heteroptera 2.66 0.67

Coleoptera and Staphylinidae 0.35
Trichoptera with cases 5.84 1.15 4.91 3.22 1.17

Platyhelminthes and Hirudinea 3.81
Acari, Araneae, and Opiliones 1.27

Aq. Coleoptera and Heteroptera larvae 1.42
Formicidae 3.28

Dermaptera, Mecoptera, Psocoptera,
and Neuroptera 0.97

AW APR MAY JUN JUL AUG SEP OCT

Gammaridae 99.43 94.32 64.36 86.31 62.46 53.12 67.79
Plecoptera larvae 0.29

Ephemeroptera larvae 0.18 1.66 5.18
Chironomidae and Simuliidae 0.05 1.03 5.81 11.57

Trichoptera adult 0.03 2.42 3.91
Trichoptera with cases 1.24 16.61 2.39 21.79 21.90 12.54

Heteroptera 0.81 1.62
Trichoptera caseless 0.52 2.56

Platyhelminthes and Hirudinea 4.01
Phoxinus phoxinus 2.86

Cottus gobio 9.10
Oligochaeta 1.81

Muscidae 1.61
Formicidae 2.54

Tipulidae and Tabanidae 1.86

F APR MAY JUN JUL AUG SEP OCT

Gammaridae 96 89.66 68.42 88.24 83.33 66.67 42.86
Ephemeroptera larvae 28 48.28 21.05 58.82 33.33 40.00

Plecoptera larvae 20
Chironomidae and Simuliidae 8 24.14 29.41 45.83 63.33 66.67

Trichoptera adult 4 9.52
Heteroptera 31.03

Trichoptera with cases 31.58 41.18 45.83 63.33 9.52
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Table 3. Cont.

AN APR MAY JUN JUL AUG SEP OCT

Trichoptera caseless 13.79
Platyhelminthes and Hirudinea 26.32
Acari, Araneae, and Opiliones 26.32 40.00

Formicidae 29.41
Aq. Coleoptera and Heteroptera larvae 20.83

Dermaptera, Mecoptera, Psocoptera
and Neuroptera 14.29

IRI APR MAY JUN JUL AUG SEP OCT

Gammarus 99.63 95.59 87.75 91.93 77.78 77.68 60.03
Ephemeroptera larvae 0.23 3.38 1.90 5.75 1.47 1.18

Plecoptera larvae 0.11
Chironomidae and Simuliidae 0.02 0.14 0.74 10.11 2.80 36.98

Trichoptera adult 0.003 0.66
Heteroptera 0.64

Trichoptera with cases 0.09 6.58 0.90 9.25 13.93 1.49
Trichoptera caseless 0.45

Platyhelminthes and Hirudinea 1.91
Acari, Araneae, and Opiliones 0.45

Formicidae 0.21 1.53
Tipulidae and Tabanidae 0.24
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Figure 2. Gammaridae proportion by number abundance (AN), weight abundance (AW), frequency of occurrence (F), and
index of relative importance (IRI) in the diet of the entire population of brown trout.

At the beginning of the season, Gammaridae constituted the major fraction of the
trout population diet (>90%) but were preferred less by younger fish than by older fish
(Table S4, Figure 3). At this time, brown trout of age 1+ had the most diverse diet, while
those of age 4+ consumed only Gammaridae. Other prey favored during the early season
were Ephemeroptera larvae (Baetis sp.) and, in smaller proportions, Plecoptera larvae
and adults, Chironomidae and Simuliidae, and some terrestrial prey. Later, as more
prey types became available, younger ages foraged on more different prey types, while
brown trout of age 4+ still relied mostly on Gammaridae. Ephemeroptera larvae were
consumed during the whole season, but highest consumption was observed from May
to August and by younger ages. In early summer, diversification of diet was notable in
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ages 2+ and 3+, when the consumption of terrestrial prey became more prominent in
all ages. While Gammaridae and Trichoptera with cases were the two principal prey in
June, Platyhelminthes and Hirudinea were also consumed by all ages, with the highest
proportion in the diet of 1+ and 2+ individuals. In August, consumption of Chironomidae
and Simuliidae increased and remained in high proportion until the end of the season.
Trichoptera with cases were most present in the diet during the summer months until
September. Mollusca were consumed in late summer, with a peak in August. September
was the month with the highest consumption of terrestrial prey in the population diet
sample (Formicidae, Acari, Araneae, Opiliones, Coleoptera, and Staphylinidae). In October,
Gammaridae and Chironomidae and Simuliidae had the highest share in the diet. Only in
this month Tipulidae were present in the top 5 prey categories (Table 3 and Table S4).
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Figure 3. Gammaridae proportion according to number abundance (AN), weight abundance (AW), frequency of occurrence
(F), and index of relative importance (IRI) in the diet of age classes (a–d) of brown trout.

The index of relative importance (IRI), which is calculated based on all three afore-
mentioned parameters (AN, AW, and F) showed that apart of the dominant Gammaridae,
several other groups were also important in the diet of brown trout. Prey types that repre-
sented more than 95% of the total diet in April and May were as follows: Gammaridae,
Baetidae larvae, Plecoptera larvae and adults, Chironomidae and Simuliidae larvae, Tri-
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choptera larvae (both with and without cases), terrestrial Heteroptera (Cicadomorpha)
larvae, and some terrestrial Coleoptera adults and larvae. In the summer months, the
most important prey were Gammaridae, Trichoptera larvae with and without cases, Chi-
ronomidae and Simuliidae, Ephemeroptera larvae, Platyhelminthes and Hirudinea, and
terrestrials, such as Formicidae and Acari, Araneae, and Opiliones. In September and
October, the important prey besides Gammaridae were Chironomidae and Simuliidae,
Trichoptera larvae with cases, Ephemeroptera larvae, Formicidae, and Acari, Araneae, and
Opiliones (Table S4). When the complete diet (according to IRI) was compared by age
class, different results were exhibited during the research period. In the first months of the
season, age 1+ separated and ages 2+ and 3+ clustered together, while in later months, ages
1+ and 3+ clustered together (Figure S3).

3.4. Terrestrial Prey

Higher ranks of prey types (benthic, aerial adults, terrestrial, and fish prey) were
compared to assess the importance of terrestrial prey in the diet of brown trout. Benthic
prey consumption was high throughout the season (AN, AW, F, and IRI), with a notable
drop in September (AW), while aerial prey adults were present in very low proportions,
but they increased toward the end of the season (Figure 4). Piscivory was recorded in June
and August when Phoxinus phoxinus (common minnow) were found in the stomachs of two
2+ individuals. Those were young trout with body lengths of 16 cm in SL, 19 cm in TL, and
74 g in W, and of 18.7 cm in SL, 21.5 cm in TL, and 88 g in W. Additionally, a Cottus gobio
(bullhead) was found in the stomach of one 1+ individual, of 13.6 cm in SL, 16.5 cm in TL,
and 47 g in W, in September.

Terrestrial prey were present in the diet of brown trout during the entire period
of research, with different proportions between age classes and in different months
(Table S5, Figure 4). In April, terrestrial prey were absent in the diet of older individu-
als (3+ and 4+), but was present in the stomachs of younger trout (1+ and 2+). In May,
terrestrial prey were present in the diet of all age groups, less in younger, more in older
individuals, when expressed by number abundance (AN). However, when the weight
abundance (AW) of the prey was considered, age groups 1+ and 2+ had a higher proportion
of terrestrial prey than older ages (i.e., younger fish ate larger terrestrial prey). In June
and July, terrestrial prey were present in the diet of all age groups, with the highest share
in age 3+ (AN). In August, ages 2+ and 3+ consumed more terrestrial prey than ages 1+
and 4+. In September, terrestrial prey were present with the highest percentage, when the
entire population was considered, according to the AN, AW, and IRI of all other monthly
samples. In October, age class 3+ had the highest proportion of terrestrial prey (AN, AW,
and IRI); however, for the whole population, the share of terrestrial prey was lower than in
September. In general, terrestrial organisms were mostly consumed by brown trout of ages
2+ and 3+. According to AW, the greatest percentage of terrestrial prey was recorded in
the summer months, with peaks in June and September. According to F values, half of the
brown trout population consumed terrestrial prey in May, July, and September (Table S5).
Even when considering each terrestrial prey type separately, they were present in the
top 5 prey types along with Gammaridae and other aquatic prey.

When IRI was applied to the monthly population samples, the importance of terrestrial
prey was very low from April to August (<2%), reaching peak consumption in September
with 4.70%, and decreased in October (Table S5, Figure 4).

The electivity index generally revealed positive selection towards all terrestrial prey,
with some minor exceptions and variations between monthly population samples (Table S6).
Most favored prey were Acari, Araneae, Opiliones, Coleoptera, Staphylinidae, Formici-
dae, and Hymenoptera, while Heteroptera and Hymenoptera were both negatively and
positively selected depending on the month and age group.
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Figure 4. The structure of brown trout diet recorded for the population in a food-rich limestone stream, Belosavac. Benthic,
aquatic adults, and terrestrial prey proportions according to the AN, AW, F, and IRI parameters for the entire population
(a–c). In (b,c), F is scaled down (values are divided by 5) for better resolution.

When age groups were considered, several conclusions could be made: Acari, Araneae,
and Opiliones were positively selected by all ages and in all months, except August.
Coleoptera and Staphylinidae were positively selected by ages 1+ and 2+. Formicidae
were positively selected by age 1+ in April, by age 3+ in July, and by age 2+ in September.
Hymenoptera were positively selected mostly by age 2+ and were negatively selected in
July. Terrestrial Diptera were positively selected in September and October by ages 1+ and
2+ (Table S6).

The overview of terrestrial prey taxa present in the diet showed that the highest diver-
sity of terrestrial prey was detected in June, July, and September. The prey types that were
present in the diet during most months were as follows: Coleoptera and Staphylinidae;
Acari, Araneae, and Opiliones; Hymenoptera (mainly Vespoidea); Heteroptera (Cicado-
morpha adults and larvae); and Formicidae. When cluster analysis was applied, age 3+
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separated from the other ages according to three indices (AN, AW, and IRI) as the age
with the highest consumption of terrestrial prey (Figure S4). Comparison of the monthly
population consumption of terrestrial organisms revealed that September also stood out as
the month with the greatest importance for terrestrial prey (AN, AW, and IRI) (Figure S5).

3.5. Diet Diversity

Diet diversity exhibited an overall increasing trend from April to October with peaks
in June, August, and October with the highest diversity recorded in brown trout of the ages
1+ and 2+ (Figure 5).
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Figure 5. The diet diversity of the brown trout population recorded in a food-rich limestone stream, Belosavac.
(a) Population diet diversity. (b) Diet diversity by age class. The y-axis represents Simpson’s diversity index, and the x-axis
the time scale.

3.6. Diet Overlapping among Age Classes

Overlap in diet was done for all possible relations in each month’s diet sample. For
the whole research period, diet overlap among age classes was near 1. The lowest overlap
in diet was in the months September and October in some of the relations (2+ and 3+, 3+
and 4+, 4+ and 1+, and 4+ and 2+) (Table 4).

3.7. Selectivity (Electivity and Tokeshi’s Graphical Model)

The electivity index was obtained separately for comparison of the diet and benthos
sample (macrozoobenthos (mzb)) and the diet and drift sample. Mzb and drift were used
to represent the proportions of prey types in the environment based on AN. Unfortunately,
in none of the two, flying adults of aquatic insects were collected (due to their low number
or absence at the moment of sampling). In the mzb sample, no terrestrial prey was present.
The mzb prey, as well as the terrestrial prey, was present in the drift samples at different
proportions so that the two were analyzed separately. For an easier comparison, the results
are presented according to month, and in each month, mzb and drift were compared with
the diet (Tables S6 and S7).
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Table 4. Diet overlap between age classes; low overlapping is in bold font and shaded (0–1, low–high).

1+ and 2+ 2+ and 3+ 3+ and 4+ 4+ and 1+ 4+ and 2+ 1+ and 3+
April 0.99 1.00 1.00 0.99 1.00 0.99
May 0.84 0.99 0.99 0.78 0.99 0.78
June 0.64 0.99 0.99 0.62 0.99 0.62
July 0.93 0.99 0.99 0.94 1.00 0.93

August 0.95 0.84 0.98 0.98 0.90 0.95
September 0.93 0.98 0.16 0.16 0.21 0.91

October 0.89 0.36 0.00 0.67 0.01 0.72

Even though Gammaridae were important prey in the diet and the most abundant prey,
trout consumed them in proportions that were lower than in the environment (negative
selection) for most of the period. Trout favored other present prey that were much less
abundant than Gammaridae (positive selection). Gammaridae were positively selected only
in April and October by the mzb sample, and selection was negative to neutral according
to drift in all months (Table S6). Ephemeroptera larvae were positively selected throughout
the season, by both mzb and drift environmental samples. Plecoptera were present and
positively selected at the beginning of the season (April and May). Chironomidae and
Simuliidae were positively selected at the end of the season, and earlier in older age
groups. In general, Trichoptera with cases and caseless larvae were both positively selected
from the midseason to its end, with some differences observed between mzb and drift
samples. Mollusca were positively selected only in August (drift) and September (mzb
and drift) even if they were present in the environment throughout the entire season. All
terrestrial prey were positively selected except Heteroptera in samples in June and August;
Hymenoptera, Diptera, and Lepidoptera in July; and Acari, Araneae, Opiliones and Diptera
in August. Oligochaeta and Platyhelminthes and Hirudinea were negatively selected, by
both the mzb and drift at the population level. Aquatic Coleoptera and Heteroptera larvae
and adults were mainly negatively selected (all months by drift), with positive selection in
August, September, and October (mzb). Limoniidae and Pediciidae, as well as Tipulidae
and Tabanidae, were mostly negatively selected, with some exceptions at the end of the
season (Table S6).

Differences in the selectivity of predation in age classes for several important prey
are presented in Table 5, and in detail for each age group in Table S7. Ephemeroptera
larvae were present in the diet of all age groups but prevailed in younger fish throughout
the season. Trichoptera larvae were also positively selected by all age groups. Younger
ages, 1+ and 2+, expressed neutral to negative selection towards Gammaridae and fa-
vored other benthic and terrestrial prey and had a very diverse diet. Age 3+ also had
a heterogenous diet and positively selected prey that were usually negatively selected,
such as Mollusca, Platyhelminthes, and Hirudinea. Age 4+ mainly positively selected
Gammaridae, Trichoptera larvae with cases and sometimes Platyhelminthes and Hirudinea,
and occasionally other benthic prey. Terrestrial prey were more favored by ages 1+, 2+, and
3+ than by age 4+ (Table 5 and Table S7).

Table 5. Electivity of the most important prey types in the diet; positive (+, >0.3), neutral (0,−0.3–0.3),
and negative (−, <−0.3) selection.

Gammaridae APR MAY JUN JUL AUG SEP OCT

1+
MZB 0 - - - - - -
Drift - - - - - 0 -

2+
MZB + - - - - - -
Drift + - - 0 - - -
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Table 5. Cont.

3+
MZB + - - - - + -
Drift + + - - - 0 -

4+
MZB + + - + - + +
Drift + + + + - - +

Chironomidae
and Simuliidae APR MAY JUN JUL AUG SEP OCT

1+
MZB + 0 - - - 0 +
Drift - - - + + + +

2+
MZB - - 0 - - 0 +
Drift - - 0 - + + +

3+
MZB - - - - - 0 0
Drift - - - - + + +

4+
MZB - - - - - - -
Drift - - - 0 0 - -

Ephemeroptera
larvae APR MAY JUN JUL AUG SEP OCT

1+
MZB + + + + + + +
Drift - + + + 0 + +

2+
MZB 0 + + + + + +
Drift 0 0 0 0 0 + +

3+
MZB 0 0 / + + + /
Drift 0 + - 0 - + /

4+
MZB - 0 - + - / /
Drift - 0 - + - - /

Trichoptera
with cases APR MAY JUN JUL AUG SEP OCT

1+
MZB - / + 0 + + 0
Drift - - + + 0 0 -

2+
MZB - + + - + + +
Drift - 0 + 0 + + -

3+
MZB - / + + + + -
Drift - - + + + + -

4+
MZB - / + - - + -
Drift - - + - - + -

Trichoptera
caseless APR MAY JUN JUL AUG SEP OCT

1+
MZB - 0 + + + + +
Drift / + + + + 0 -

2+
MZB - + - + + + /
Drift / 0 - + + 0 -

3+
MZB - - + / - - /
Drift / - + - - 0 -

4+
MZB - + - / - + /
Drift / + - - - + -

Acari, Araneae,
and Opiliones APR MAY JUN JUL AUG SEP OCT

1+
MZB / / / / / / /
Drift / / + + - 0 /

2+
MZB / / / / / / /
Drift + + + - - + +

3+
MZB / / / / / / /
Drift / / + + - - /

4+
MZB / / / / / / /
Drift / / + + - - /
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Table 5. Cont.

Coleoptera and
Staphylinidae APR MAY JUN JUL AUG SEP OCT

1+
MZB / / / / / / /
Drift / + - + / + +

2+
MZB / / / / / / /
Drift / + / / + + /

3+
MZB / / / / / / /
Drift / / 0 / / / /

4+
MZB / / / / / / /
Drift / / - / / / /

Tokeshi’s graphical model was obtained based on the diet diversities of age classes
1+ to 4+ and the population diet diversities in the period April to October. Each age is
presented in a separate graph in Figure 6. On the right side of the graphs are entities that
are considered generalists, and a true specialist is positioned in the lower left quadrant,
with low individual (age class diversity) and population diversities, while the upper left
quadrant represents transition from a specialist to a generalist strategy. Age 1+ had the
highest diet diversity and displayed a transition to a generalist strategy, while others were
positioned mainly in the lower left quadrant showing selective feeding with a low diet
diversity and were considered specialists with homogenous feeding.
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4. Discussion

There are many studies of salmonid fish diet, which have all revealed the great
feeding plasticity of brown trout that depends to a large extent on local habitat character-
istics [3,5,6,8,10,14,20]. This study provides insight into the complex brown trout feeding
habits during one season at a locality that can be considered an example of a food-rich
limestone stream. Application of four prey importance indices, two selectivity assessment
approaches, diet diversity, and diet overlap for different age classes and population lev-
els provided new inferences and perspectives. Good growth of brown trout based on
growth quality (Φ’) and CF was confirmed, and the diet variations of age classes were
observed using prey importance indices and diet diversity. Younger ages showed higher
diversification of the diet in contrast to older individuals. Terrestrial and other rare prey
were relevant and positively selected in the brown trout diet, even in a stream very rich in
aquatic macroinvertebrates.

In the present work, diet sampling was performed by syringe flushing, which was
chosen as an easy and inexpensive method for extracting the stomach content while keeping
the fish alive, allowing for repetitive sampling at the same locality. An additional advantage
of this method is that the stomach content is not digested as it is usually in the distal part
of the digestive tract. Sampling of the prey that were available in the environment was
performed by two approaches, standard benthos sampling and drift sampling. The more
useful environmental sample that was compared with the diet samples was the drift
sample. It collects macroinvertebrates from the benthos, aquatic areal adults, and terrestrial
organisms that fall in the water, and thus includes all available brown trout prey types.
Prey availability was analyzed in some studies, and the level of availability was consonant
with the tendency of prey to drift, both actively and passively [4,5,10,39].

Brown trout benefits from all stream characteristics of this chalk stream rich in food,
with a stable water level and flow, stable temperature, and good habitat heterogeneity.
Owing to the abundance of Gammaridae, there was no food scarcity. During the research
period, Gammaridae were the dominant prey in the environment and in the diet. This prey
was most important at the beginning of the season when other prey were in low numbers.
From month to month, they were dominant in both the diet and the environment. How-
ever, other prey became more available and more favored, as revealed by the decreasing
proportion of Gammaridae in the diet from April to October.

The richness of the available food, as well as the good growth of trout, was confirmed
by the growth quality parameter (Φ’), which corresponded to values expected for brown
trout and high (>1.5) CF for the whole population in all months. The lowest values of
the CF were observed in spring when the available food was less diverse; as the season
progressed, more food became available (more terrestrial prey, more flying adults). Hence,
the highest CF values were recorded in the summer months. As the end of the season
approaches, many insect groups complete their life cycles, and brown trout prepares for
spawning, and the CF slightly decreases. The mean CF ascended from age 1+ to age 4+,
which can be explained by older fish gaining more in weight than in length compared with
younger fish in an environment where they do not encounter food shortage. Similar results
for high CF were reported in Alp et al. [7] for a higher number (10) of age classes. However,
the authors did not report an increase in CF from younger to older ages. Additionally, from
May to February, when their study was performed, the CF had lowest values in May and
June and afterwards remained near a value of 1.5.

To analyze prey importance, three parameters, AN, AW and F, and one index that
integrates all three, the IRI index, were used. Prey number (AN) tells us about how many
times fish foraged for each prey item; therefore, this parameter describes the intent of fish to
forage for a specific type of prey. On the other hand, the parameter prey weight (AW) shows
what quantity of each food is consumed and in what proportion to other food. A single
prey item can have more weight than dozens of other smaller ones. When F is analyzed,
we can estimate what prey trout (as a specified age group, subpopulation, etc.) will pay
particular attention to; therefore, we can conclude that most of the fish in the group will
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pursue a prey of a certain type if F is greater than 50%. Finally, IRI integrates all of the given
parameters to extricate a few important prey types from all available ones [40]. Similarity in
proportions of AN and AW showed that brown trout foraged for prey of uniform size and
weight, with some exceptions for prey items that had higher proportions by weight than by
number, such as Trichoptera larvae, Platyhelminthes and Hirudinea, terrestrial Coleoptera,
Tipulidae and Tabanidae, Lepidoptera larvae, and fish prey. According to the IRI, the prey
that were shown to be important were Gammaridae, Ephemeroptera larvae, Chironomidae
and Simuliidae (larvae, pupae, and adults), Trichoptera larvae, Plecoptera, Platyhelminthes
and Hirudinea, terrestrial Heteroptera, Coleoptera, Formicidae, and Araneae at different
proportions in different months. Resolution of the results was skewed toward Gammaridae
in all analyses because of their high abundance. Nevertheless, even though other prey
items were in significantly lower proportions, they were appealing to brown trout, which
was also confirmed by the electivity index. It seems that Gammaridae were less important
for younger ages (1+ and 2+). Higher consumption of Gammaridae by older fish could be
due to intraspecific competition for the most preferable microhabitat. The authors stated
that older brown trout prefer deeper and slower zones of the habitat [41,42], and different
habitat utilizations by different age groups for feeding can contribute to food resource
partitioning [10]. Other studies have examined and discussed territoriality and the posi-
tioning in riffles and pools and their effect on diet differences between sex and age groups
in different microhabitats, which also support this statement [3,10,11]. Consequently, the
available food would be different for differently positioned fish. Older fish (4+) occupy
slow-flowing water in the deepest zones of the river that have less diverse benthos prey, but
are rich in Gammaridae at this locality, while younger fish are forced to inhabit shallower
areas and to consume the prey available there. In the shore zone, different prey, including
terrestrial, are more accessible; this can explain why age 1+ displayed a more diverse diet
and a transition to a generalist strategy (Tokeshi’s model).

Sánchez-Hernández and Cobo [10], Kara and Alp [6], and Alp et al. [7] confirmed that
benthic organisms (i.e., their larvae, pupae, and adults that live on the riverbed and drift in
the water column) are the most foraged prey of brown trout, as also confirmed in this study.
Additionally, adults of some aquatic insect groups hatch and mate near water and lay
eggs on the water surface or beneath it and then become available to brown trout as prey.
Terrestrial organisms end up in the water, carried by the wind and rain runoff, falling in
the water from shore vegetation, while swarming near the shore, and so forth. All of these
are not as abundant as benthic prey but are easily available to brown trout. The importance
of terrestrial prey for salmonids has been confirmed in several studies [43–46]. During the
research period, benthic organisms were the most consumed prey, with the lowest values
in September when terrestrial prey had the highest share. The proportion of terrestrial
prey in the diet showed an increasing trend from April to September. Whenever terrestrial
prey (e.g., Formicidae, Araneae, or Cicadomorpha) was present, it was mainly positively
selected and was present in the diet of almost all age groups in all months. Terrestrial
prey (individually) proved to be important according to prey importance indices by being
present in the top 5 prey types in almost all months despite a low environmental presence
in comparison with benthic prey. Sánchez-Hernández et al. stated that the increase in fish
size is accompanied by an increase in the proportion of terrestrial prey in the diet [10]. In
our study, terrestrial prey was the most important at ages 1+, 2+, and 3+, but the least at
age 4+. It has been to pointed out that older fish (4+) also showed interest in terrestrial prey
in September, which coincided with lower consumption of Gammaridae. The importance
of terrestrial prey in the diet of brown trout living in a food-rich salmonid stream could be
due to the higher energy gain from catching easy prey and diet diversification, and/or it
could have a behavioral aspect (i.e., if the prey is rare, it attracts attention). The underlying
reason for the selection of rare prey could be synergy in avoiding the confusion effect in
foraging on abundant prey, and an oddity effect where rare prey is concerned, as foraging
of an aggregation of prey can cause sensory confusion, while a single rare organism can
be more conspicuous to the predator, as is the case in coral reef fish [47]. This observation
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may be applicable to brown trout as well. Among these rare preys, there are also those that
are of aerial or terrestrial origin, which are slower or immobile in the water medium and,
as such, are easy to catch. Such prey yield a fair amount of energy with minimal effort.
Another explanation for the apparent selectivity for terrestrial invertebrates is probably the
greater foraging efficiency during daylight hours, which coincides with the greatest input
of terrestrial invertebrates to streams occurring during daylight hours. Terrestrial prey also
tends to be larger than aquatic prey, which is why it can be more conspicuous to fish [48].

Flying adults from aquatic insect groups were present in very low proportions as prey
in all months, but they were absent in the environment during fieldwork. As each sampling
day had its specificities (e.g., wind, water temperature, and occurrence of hatches) that can
influence trout foraging for surface prey, the relatively low proportion of airborne insect
prey in all months was most likely related to their absence in the environment during
field sampling.

Piscivory was recorded in only three individuals that preyed on Phoxinus phoxinus
and Cottus gobio. Some authors have stated that piscivory in brown trout usually starts
when a body length of 20–30 cm is attained [16,17]. In this research, piscivory was shown
to exist even in younger fish of shorter length.

When the entire population was considered, diet diversity was lowest at the beginning
of the season, increasing until the season’s end. In all months, age 1+ exhibited the highest
diet diversity (and lowest interest in Gammaridae). Only in August and September did
brown trout of 2+ age had the highest diet diversity. Brown trout of 4+ age had the lowest
diet diversity in general, with a peak in diversity in September. Low diet diversity at the be-
ginning of the season is probably the consequence of low environmental diversity. The diet
diversity in the 1+ age class was high, with individuals positively selecting Ephemeroptera
larvae; Trichoptera larvae (predominantly caseless ones); Plecoptera, Chironomidae, and
Simuliidae; and the larvae of aquatic Coleoptera and some terrestrial prey in low propor-
tions. Age 2+ diet was similar to age 1+ diet, but with the addition of positively selected
Formicidae, Heteroptera, Dermaptera, Lepidoptera larvae, and Araneae. Even though the
number of prey types consumed by 2+ was somewhat higher than that for age 1+, diet
diversity was lower in 2+ than in 1+ because Gammaridae had a much higher proportion
than other prey (lower evenness). Age 3+ and especially age 4+ had lower diet diversities
than the younger ages. The whole population and each age class had a more diverse
diet from month to month as different prey items became available. Generally, overlap in
diet between brown trout of different ages was high, as expected in an environment with
relatively low prey diversity and a domination of Gammaridae. Lower grade overlap was
observed later in the season, when more different prey types were available.

According to the results of the electivity index, Gammaridae were negatively selected
for most of the research period and were occasionally neutral or slightly positive. Nev-
ertheless, they have predominance in the diet of trout due to their great abundance in
the environment. In most months, Ephemeroptera and Trichoptera larvae were positively
selected, as well as Chironomidae and Simuliidae in the second half of the season when
terrestrial prey was also positively selected. It is interesting that in the River Nera, negative
preference for Ephemeroptera was observed for all ages, which is in contrast to our findings,
as well as positive selection for Trichoptera larvae for fish younger than 4 years [25].

According to Tokeshi’s graphical model for estimating foraging strategy, all age classes
were positioned in the lower left quadrant of the graph, so their strategy can be considered
specialist, with low population diet diversity and low mean age class diversity, while age
class 1+ expressed a more diverse diet compared with other age groups and a tendency
towards a generalist strategy. Age 4+ had the lowest values for diet diversity during most
of the season.

Rosenbauer suggested that a fly fisher should pay attention to geology when ‘reading’
a river before casting a fly [26,49]. Simonović et al. showed that the geological structure of a
stream’s bedrock has an important effect on the character of a trout stream and fish feeding
habits [50]. If the stream flows over an insoluble bedrock (e.g., granite), it will be less fertile
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in terms of available food, and trout will be smaller and will fight for food vigorously.
If it flows over limestone, a highly soluble rock, the water will be of high conductivity,
which enhances the production of prey [26,45]. Such a stream will be richer in prey, and
brown trout will grow bigger [46]. According to this, the stream we researched can be
characterized as rich with life. When the results obtained from this study are applied to
fly fishing, we could say that brown trout in April and May should select Baetis larvae,
Plecoptera nymphs and adults, terrestrial Coleoptera, and Heteroptera (Cicadomorpha).
Ephemeroptera larvae are a prey selected from April to July and even longer, Formicidae
from July to October, cased Trichoptera larvae (Potamophylax sp.) from July to October, and
Chironomidae and Simuliidae from August to October. Even though flying adult prey were
not captured by drift sampling owing to their rare occurrence in the environment, they were
present in the diet. Thus, if any dense hatch or mating adults’ fall is present and provokes
brown trout to feed at the surface, then the deceivers of the proper stage (emergers, pupae,
duns, or spinners) should be applied. On the other hand, Araneae and Opiliones were
present in the top 5 types of prey in all months. Additionally, other types of prey that were
present in the diet could be tempting for brown trout from the mid- to late season and
would include Vespoidea, Forficula sp., Ensifera, Panorpa sp., Tipulidae, and Lepidoptera
larvae. Brown trout positively selects many terrestrial prey types, perceiving them as either
large and conspicuous or helpless and easy to catch in the aquatic environment. Hence,
in the absence of dense hatches, it would be worth casting them as generalized attractors,
especially on windy days or after rain showers.

5. Conclusions

Brown trout is a predator with great feeding plasticity and dietary shifts throughout
ontogeny. Trout display different foraging strategies during the season and quickly respond
to changes in the environment and prey availability. Terrestrial prey has an important role
in their diet, as well as other rare prey types. They behave selectively toward a variety of
prey all the time, either negatively or positively, and for some prey types, the direction
and level of selection change over the season. Habitat characteristics and prey dynamics
(i.e., availability) have considerable influence on the feeding habits of brown trout.

The growth of brown trout was respectable with a high condition factor that was
recorded in all age classes and in all months as a result of a food-rich environment. Diet
variations in different age classes over seasonal scales were observed and described by
four prey importance indices and diet diversity. Population diet diversity increased from
the beginning to the end of the season. Ages 1+ and 2+ showed higher diet diversity than
ages 3+ and 4+. Age 4+ had lower diet diversity than other age groups during most of the
season except in August and September, and high consumption of Gammaridae during the
entire period, which significantly declined in September.

The diet structure from April to October changed according to the seasonal change in
prey availability. At the beginning of the season, the prey was less diverse; diet diversity
then rose during the second part of the season when more terrestrial prey became available.
The importance of terrestrial prey in the environment was confirmed by the positive
selection of this type of prey, the values of indices of prey importance (especially frequency
of occurrence), and their presence in the top 5 prey in the diet, especially considering the
low environmental proportion of these types of prey.

In future studies, the obtained results will be compared with findings from similar
habitats, rich limestone salmonid streams, and streams with different food richness and
availability. The study could be improved with additional field experiments at the time of
massive hatches, which would contribute to the establishment of feeding behavior during
these specific events.
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