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Abstract Knowledge of the feeding ecology of
fishes is fundamental for understanding the pro-
cesses that function at the individual, population,
and community levels and for the conservation of
their populations and habitats. Spirlins are widely
distributed and often abundant in fast-flowing
waters throughout Europe. However, data on their
diets are insufficient and inconsistent. To improve
knowledge of the trophic ecology of this common
fish species, we studied the diet of Russian spir-
lin in the rhithral and potamal of rivers located in
the Volga River basin. The food niches of spirlin
in the rhithral and potamal differed significantly.
Fishes consumed mainly terrestrial prey falling
into the water in rhithral but aquatic prey in pota-
mal of watercourses. Among aquatic invertebrates,
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spirlins positively selected mobile species that for-
aged on the upper surface of the bottom substra-
tum. Aufwuchs were abundant in stomachs, but,
apparently, fish did not assimilate them, because
intact cells occurred throughout the intestine.
Spirlins in all rivers were predominantly insectiv-
orous, not consuming or rarely consuming inver-
tebrates that dominated zoobenthos, mollusks,
oligochaetes, and leeches. This specialization,
apparently, contributes to the resource partitioning
with other fishes inhabiting hyporhithral and epi-
potamal of watercourses.
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Introduction

Running waters are among the most impacted of all
natural ecosystems (Malmqvist and Rundle 2002).
Eutrophication, pollution, acidification, overharvest-
ing, introductions of non-indigenous species, and
habitat destruction are the threats to the inhabitants
of running waters and the goods and services they
provide (Carpenter et al. 1992). Recently, the impact
of adverse factors may be exacerbated due to climate
change, because it induces changes in hydrological
conditions, primary productivity, biogeochemistry,
and species composition of biological communities
(Golubkov and Golubkov 2020; Golubkov 2021).
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The result is a radical restructuring of many food
webs, and a final effect on fish assemblages may be
related to the quality and availability of prey under
stress conditions (Pletterbauer et al. 2015). In order to
anticipate this effect, detailed knowledge of the food
selectivity and ecological niches of different fish spe-
cies is required.

The European spirlin, Alburnoides bipuncta-
tus (Bloch, 1782), is a small fish inhabiting streams
and rivers, usually with fast-flowing waters, often
in upland and montane areas. This is a previously
widespread and abundant species, whose populations
have declined dramatically in response to habitat
deterioration, because it is vulnerable to changes in
hydrological regime and pollution (Aarts and Nien-
huis 2003; Kottelat and Freyhof 2007; Trautwein
et al. 2013; Marszal et al. 2018). The Russian spir-
lin was originally described as an eastern subspecies
of the European spirlin: Alburnoides bipunctatus
rossicus Berg, 1932. Recently, due to high morpho-
logical and genetic differences, it began to be con-
sidered an independent species, Alburnoides rossicus
Berg (Bogutskaya and Coad 2009; Stierandova et al.
2016).

Diet data for European spirlin are inconsist-
ent. Insect larvae and imagoes prevailed in the diet
of European spirlin in the tributary of the Vistula
River (Poland) (Marszal et al. 2018), while, in Sava
River, Croatia, the dominant food item was algae,
and invertebrates were a secondary or an accidental
prey (Treer et al. 2006). Data of the diet and feeding
habitats of the Russian spirlin are very scare (Kotel-
nikova 2016).

The information on distribution patterns and eco-
logical guilds of macroinvertebrates and fish can be
used to assess and manage the ecological integrity of
rivers and their biomonitoring (Aarts and Nienhuis
2003). Longitudinal zonation concepts describe the
downstream changes in chemico-physical and biolog-
ical properties of rivers. One of the most popular con-
cepts distinguishes three main zones from the source
to the mouth of the river: the crenal zone (close to
the river source), the rhithral, and the potamal zones
(Illies 1961; Aarts and Nienhuis 2003; Ficsér and
Csabai 2021). Rhithral usually refers to the upper
parts of the watercourse, located in the foothills, with
rocky or gravel-pebble bottom, high flow rate and
oxygenated water. The potamal belongs to the lower
part of the watercourse adjacent to the rhithral, with
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a sandy, silted, or silty bottom, with a relatively low
discharge and frequent bottom hypoxia. Taking into
account this zonation system, spirlins are common
in lower rhithral and upper potamal zones (Aarts and
Nienhuis 2003).

Spirlins have no commercial value, but due to
their large numbers in some rivers, they can be a sig-
nificant competitor to other more valuable fish spe-
cies. They also can be an important food item for
predatory fish and thus play an important role in the
food webs of the river ecosystem. In this context,
the aim of our work was to improve knowledge of
the trophic ecology of this fish species. We tested
the hypothesis that Russian spirlin is a polypha-
gous opportunist with poor food selectivity, and its
diet mainly depends on the specific composition of
aquatic communities. To achieve this aim, we stud-
ied both the food tracts of fish and the abundance
and composition of aquatic invertebrates in the river
stretches that can be attributed to rhithral or potamal.

Material and methods
Study sites

The study was performed in 2010-2017 on seven
stretches of watercourses located in the basin of the
Volga River (Fig. 1). The climate of the region is
humid with cool summers (Kottek et al. 2006). It has
a long, cold winter with a stable snow cover.

Taking into account the longitudinal zonal classi-
fication of river stretches, the studied river sections
belong to three types: rhithral, potamal of small and
medium watercourses, and potamal of large water-
courses. Their hydrological and hydrobiological char-
acteristics are given in Table 1. The studied stretch of
the Bui River can be classified as hyporhithral. It has
a high flow rate, a hard gravel and pebble bottom sub-
stratum, and dense woody vegetation on steep banks.
The rest of the studied river sections can be attrib-
uted to the transition zone from rhithral to potamal,
to epipotamal. The current velocities are lower there;
sand with gravel and pebble with a large amount of
attached algae and higher aquatic vegetation predomi-
nated in the grounds. The water temperature in riv-
ers during the sampling periods varied from 12.5 to
16.7 °C. There was no anthropogenic impact on the
studied river stretches.
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Fig. 1 Map of the study
area. Dots indicate sam-
pling stations
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Field survey

The fish were collected using pulsed backpack elec-
trofishing equipment ELLOR-2 and two fry seine
nets. The first net had a length of 5.0 m, a height of
1.5 m, and a mesh diameter of 4 mm. It was used
on river sections, the width of which did not exceed
5-9 m. The second net had a length of 10 m, a height

of 1.8 m, and a mesh diameter of 3 mm. This net
was used on stretches of wider rivers. Captured fish
was preserved in 8% formaldehyde. A total of 1004
individuals of spirlin with a total length (TL) of 17
to 118 mm were caught for the analysis of their diet
(Table 2). Most of the fish were caught in the morn-
ing. Since almost all spirlins were caught in the rif-
fles, samples of zoobenthos were collected there.
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Table 1 Characteristics of different habitat types in the studied stretches of rivers

Average habitat Rhithral Potamal of small and medium watercourses Potamal of large watercourses
characteristics L X B X K ] R
Bui River Vala River Lasva River =~ Mesha River Ilet River Cheptsa River  Uruzan River
Depth (m) 04 0.6 0.5 0.6 0.4 0.3 0.3
Current velocity 0.8 0.25 0.5 0.3 0.25 0.5 0.2
(m/s)
Bottom sediments Sand, gravel, Gravel, sand  Sand, gravel, Sand, gravel, Sand Sand, gravel, Sand, gravel,
pebble pebble pebble pebble pebble
River width (m) 9.0 10.0 15.0 20.0 20.0 20.0 60.0
Vegetation Willow and Macrophytes ~Macrophytes Macrophytes,  Ulothrix spp. Willow, -
meadow Ulothrix spp. meadow and
plants along semi-aquatic
the banks, plants along
Cladophora the banks

Table 2 Number of individuals of Alburnoides rossicus col-
lected for diet analysis in various streams

River Collection period Number of
individuals

Bui River 26-27.08.2012 238

Vala River 16.08.2015 51

Lasva River 02.07.2013 42

Mesha River 17.08.2015 114

Ilet River 18.08.2015 19

Cheptsa River 5.07-20.09.2013 491

Uruzan River 06.08.2016 49

To match spirlin diet with prey availability, sam-
ples of potential prey species were collected. They
included 76 samples of zooplankton and 78 samples
of zoobenthos. Zoobenthos and zooplankton samples
were taken in all rivers except the Lasva River. Zoob-
enthos was sampled in 4-6 replicates from randomly
selected locations using a Surber sampler with a cap-
ture area of 625 cm” and a mesh size of 0.2 mm at
depths of up to 0.5 m. At deeper sites (up to 1.2 m), a
hydrobiological scraper with a blade length of 0.2 m
was used. Samples of invertebrates were sieved in a
0.25 mm mesh.

Laboratory analysis
In the laboratory, invertebrates were sorted from bot-
tom sediments and preserved in 4% formaldehyde.

They were identified, counted, and weighed (wet
weight, shells of mollusks included).
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Total length (TL, to the nearest 1 mm) and wet
weight (W, to the nearest 0.01 g) were recorded for
each specimen of spirlin. Whenever possible, all mac-
roinvertebrate components in the gut of spirlin were
identified to genus or species, and the remains of prey
were counted and weighed. The weight of the eaten
organisms was reconstructed using the average body
weight obtained by weighing and counting macroin-
vertebrates from hydrobiological samples taken simul-
taneously with the fish diet samples (Borutskiy 1974).

The gut fullness index (FI, %y,) was estimated as
(Hyslop 1980):

weight of the intestinal tracts contents

FI = - x 10000
total weight of fish

We estimated the consumption index (CI, %) to
characterize the relative intensity of fish feeding in
various watercourses (Borutskiy 1974):

reconstructed weight of the intestinal tracts contents

Cl =
total weight of fish

X 10000

The assessment of the composition of the diet was
based on the frequency of occurrence (P, %), numeri-
cal frequency (N, %) of the various diet components,
and the percentage of wet weight of food items in fish
intestinal tracts (B, %):

P=i><100

XS

where f; is the number of stomachs containing each
prey items and Yf is the total number of intestinal
tracts;
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n.
N=—=—x100
>n

where n; is the total number of certain food item and Y n
is the total number of food items consumed by the fish;

B= b x 100
=55

where b; is the wet weight of food category in all
intestinal tracts of a certain fish species and )b is the
total wet weight of all food categories in their intesti-
nal tracts (Hyslop 1980).

The contribution of each prey category to the diet
was estimated with the index of relative importance
(IRI, %;, Cortés 1997):

FiBi
IRI = x 100

zFiBi

where F; is the number of stomachs containing

each prey items and B; is the wet weight of food cat-

egory in all intestinal tracts of a certain fish species.
To calculate dietary preferences, Ivlevs’ electivity

index (E; Ivlev, 1961) was used:

i =D

ri+p;

E =

where r; is the proportion of the certain resource in
the stomach contents (as a percentage of the total
recovered weight of food in intestinal tracts) and
p; 1s the relative content of the same resource in the
environment.

To compare the overall diet composition of fish
in various watercourses, the Morisita-Horn index of
food niche similarity (Horn 1966) was calculated:

227=1xiyi
z?:lxiz + 27:1)’1'2

where x; is the proportion of i-food in species x; and y;
is the proportion of i-food in species y;. c¢A=0 means
complete dissimilarity in food niches, and cl=1
means complete coincidence. An index value> 0.6 was
regarded as a biologically similarity of food niches.

Ji=

Statistical analyses

Statistical analyses were performed using R software
version 3.4.3 (R Core Team 2021a). The one-way

ANOVA of “aov” function of the “stats” package (R
Core Team 2021a) was used to assess the statistical
significance of the differences between the param-
eters of fish feeding and the values of the recovered
mass of their food components in different water-
courses. The post-hoc “TukeyHSD” function of the
“stats” package was used for pairwise comparison.
Analysis of similarity has been used to compare
the overall diet composition of different rivers’ fishes
using “anosim” function of vegan R package based
on assessment of Bray—Curtis distances. Non-metric
multidimensional scaling (nMDS) with the 95% ellip-
soids was used to visualize similarity in the spirlin
diets. Ordinations were performed using relative bio-
mass (%) of prey components identified in the gut of
each individual. Permutational multivariate analysis
of variance (PERMANOVA R package) (Anderson,
2008) was used with the same data followed by pair-
wise comparisons (Tukey’s HSD post hoc test) to test
whether there were significant differences in spirlin
diet among rivers types. Similarity percentage analy-
sis (“SIMPER”) function of vegan R package using
Bray—Curtis distances has been used to identify which
prey taxa were most likely responsible for the patterns
detected by “permanova.” It provided average dissim-
ilarities and identified which prey components made
the greatest contribution to any dissimilarity between
spirlin diets in different rivers. The value of the stand-
ard deviation of the mean is given under the + sign.

Results

Species composition of aufwuchs and
macroinvertebrates

Green algae Ulothrix and Cladophora were abundant
in most of the studied rivers. Zooplankton included a
small number of species that were found mainly near
the riverbanks.

Insect larvae, oligochaetes, leeches, bivalves, and
gastropods were found in zoobenthos (Supplemental
Table S1). Detritus feeders from oligochaetes of the
family Tubificidae or bivalve mollusks from Unioni-
dae and Pisidiidae were predominant in the biomass
of zoobenthos in all rivers (Fig. 2). Insect larvae were
the most abundant and had the greatest species rich-
ness. Significant part of them included rheophilic
forms inhabiting hard substratum and the mats of
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attached algae. Larvae of mayfly Caenis macrura,
caddisflies Hydropsyche contubernalis and Psycho-
myia pusilla, bug Aphelocheirus aestivalis (Heterop-
tera), swamp mosquito Hexatoma bicolor (Limonii-
dae), and chironomids Polypedilum scalaenum were
common. The species richness and diversity of mac-
roinvertebrates were low, and the importance of spe-
cies inhabiting the silty substratum (oligochaetes and
marsh mosquitoes) was high in the Ilet River, where
sandy and silty substrata predominated. In the Bui,
Mesha, Cheptsa, and Uruzan rivers with gravel-peb-
ble substrate (Table 1), the species richness and diver-
sity of benthic invertebrates, as well as the proportion
of large caddisflies and mayflies, were high (Fig. 2).
Periphyton mats, which silted up during the growing
season, were colonized by many species of scrapers
from Gastropoda, selective algophages from Chirono-
midae and phyto-detritivorous species from Baetidae
(Ephemeroptera) (Supplemental Table S1).

Diet composition and food electivity of spirlin

The content of the intestinal tracts of spirlin in the
studied biotopes was diverse and consisted of aquatic
and terrestrial invertebrates and plants. Aquatic inver-
tebrates included insects, arachnids, and oligochaetes.
No zooplankton species were found in their stomachs.

Aquatic insects were the most diverse food com-
ponent of spirlins (Supplemental Table S2). Spir-
lins showed high-positive food electivity for many
of them. They strongly selected the mayfly larvae of
Baetis spp. in most streams and Heptagenia coerulans
and Serratella ignita in the Uruzan River (Table 3).
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Fig. 2 The share of the main components in the total biomass
of zoobenthos in various watercourses
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However, spirlins had negative electivity for larvae of
Caenis macrura or Ephemera lineata.

Spirlin had a high positive selectivity for larvae of
caddisflies Hydropsyche contubernalis and Psycho-
myia pusilla in the Bui River (Table 3), where they
were numerous in the benthic communities. In addi-
tion, many imagoes of Hydropsyche spp. were found
in the stomachs of spirlin in this river. The fish appar-
ently consumed them during insect emergence. Lar-
vae of H. contubernalis were also a significant item in
the diet of spirlin in the potamal of the Mesha River,
where it positively selected them (Table 3). Cadd-
isflies formed up to 31% of the recovered weight of
food and had a high value of IRI in the fish diet in
this watercourse (Table 4). The H. contubernalis and
P. pusilla were also numerous and had high frequency
of occurrence in the intestines and made up a signifi-
cant part of spirlin diet in the potamal of many other
watercourses. Nevertheless, spirlins had negative or
neutral selection for these and other caddisfly larvae
in most rivers (Table 3).

Diptera were the most diverse component in
the spirlin diet (Supplemental Table S2), although
fish showed negative selectivity for most species
(Table 3). Their proportion in intestinal tract contents
and values of the IRI were relatively small, with the
exception of the Ilet River, where these indices were
high (Table 4). Orthocladius rhyacobius had the high-
est frequency of occurrence (P) in the diet of spirlin.

Spirlin showed positive selection for the swamp
mosquito Hexatoma bicolor in the Bui River, where
this species was common. However, in the potamal,
fish negatively selected this species. Midge larvae
Simulium ornatum had high values of P and IRI in
the diet of the spirlin in some watercourses (Table 4).
However, they were not found in the benthos of the
studied stretches.

Terrestrial insects, ants Myrmica laevinodis, larvae
of ground beetle Plagiodera versicolora, and imagoes
of ground bugs from Aphididae were abundant in the
diet of spirlin in the Bui River. P of Hymenoptera and
Heteroptera in its diet were 27 and 23%, respectively
(Table 4).

Diverse plant components were found in the intes-
tinal tracts of spirlins (Supplemental Table S2). Fila-
mentous algae Ulothrix spp. and Cladophora spp. had
the highest occurrence in their stomachs, especially in
the Bui River (Table 4). However, the algae through-
out the intestine had intact cells with chlorophyll.
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Table 3 Ivlevs’ electivity index of Russian spirlin for aquatic insects in various watercourses

Components Rhithral Potamal of small and medium watercourses Potamal of large watercourses
Bui River Vala River Mesha River Ilet River Cheptsa River Uruzan River

Ephemeroptera - - - - - -
Baetis buceratus - - - - 0.9 -
Baetis rhodani 0.9 - - - - -
Baetis muticus - - 1.0 - - -
Baetis vernus - 0.7 - - 0.5 -
Caenis macrura -1.0 - - - -1.0 -
Ephemera lineata - - -0.6 - -0.1 -
Heptagenia coerulans - - - - - 0.9
Heptagenia flava - - - - -0.7 -
Serratella ignita - - - - - 0.8
Odonata - - - - - -
Gomphus vulgatissimus - - - - -0.8 -
Plecoptera - - - - - -
Nemoura cinerea - - - - -0.9 -
Heteroptera - - - - - -
Aphelocheirus aestivalis 0.1 -0.7 -0.2 - -0.8 -0.7
Trichoptera - - - - - -
Brachycentrus subnubilus - - - - 0.8 -
Holocentropus stagnalis - - - - -0.8 -
Hydropsyche contubernalis 0.7 -0.7 1.0 - -0.2 -0.7
Hydroptila tineoides - - -0.8 - - -
Oecetis furva 0.6 - - - - -
Psychomyia pusilla 0.9 -0.6 - - -03 0.2
Coleoptera - - - - - -
Elmis maugetti -0.9 - - - - -
Limnius sp. - - - - -04 -
Diptera - - - - - -
Atherix ibis - -0.7 -0.8 - - 0.6
Hexatoma bicolor 0.6 -04 - - -09 -
Chironomidae - - - - - -
Ablabesmyia monilis - - - - -0.7 -
Cladotanytarsus mancus -0.9 -1.0 - -0.8 -0.8 -
Cricotopus bicinctus -0.6 - - - - -
Cricotopus festivellus - - - - -09 -
Cricotopus tremulus - - -04 - - -
Cryptochironomus defectus - - -1.0 - - -
Cryptochironomus rostratus - -0.8 - - -1.0 -
Cryptotendipes holsatus - -0.7 - - - -
Cryptotendipes nigronitens - - - - -1.0 -
Dicrotendipes notatus - - -05 - - -
Epoicocladius ephemerae -0.6 - - - - -
Microtendipes chloris -1.0 - - - -0.8 -
Monodiamesa bathyphila -0.6 - - - - -
Odontomesa fulva - - - 0.4 - -

@ Springer



858

Environ Biol Fish (2022) 105:851-866

Table 3 (continued)

Components Rhithral Potamal of small and medium watercourses Potamal of large watercourses
Bui River Vala River Mesha River Ilet River Cheptsa River Uruzan River
Nilotanypus dubius -0.5 - - - -1.0 -
Orthocladius rhyacobius 0.0 0.2 - 0.8 -0.1 0.8
Paratendipes albimanus - - - 0.7 - -
Polypedilum convictum - - - - -0.6 -
Polypedilum nubeculosum -0.2 - - - - -
Polypedilum scalaenum - - -0.1 - -1.0 -
Synorthocladius semivirens - - - - -0.8 -
Tanytarsus bathophilus - -0.3 - - - -
Thienemannimyia fusciceps - -0.8 - - -1.0 -
Thienemanniella vittata - - -0.7 - - -

Gut fullness and dissimilarity of spirlins’ dietary
niches in various watercourses

Spirlins had the highest values of the FI and CI indi-
ces in the rhithral of the Bui River, where their values
were significantly higher than in other watercourses
(Table 5, FI: F=16.46, p<0.001; CI: F=24.63,
p<0.001). In the potamal of most other watercourses,
there were no significant differences in these param-
eters. The largest proportion of feeding spirlins and
the number of food components was found in the Bui
River (Table 5). Of the animal prey, most were terres-
trial invertebrates (Fig. 3). The largest number of con-
sumed invertebrates per individual and reconstructed
weight of the intestinal tract contents were recorded
in fish from the potamal of the Vala River (Table 5,
F=5527, p<0.001).

According the values the Morisita-Horn index,
the similarity of spirlin food niches in the rhithral
of the Bui River and in the potamal of other stud-
ied watercourse was very low. Spirlins had high
food niche similarity in the potamal of small and
medium watercourses: Lasva, Vala, and Mesha riv-
ers (Table 6).

One-way “permanova” showed the dissimilarity
of between spirlin diets in different rivers (pseudo-
F=32.38, P=0.001). Pairwise comparisons showed
that the diet of spirlins differed significantly in three
types of watercourses: in hyporhithral of the Bui
River, in the epipotamal of small and medium water-
courses (Vala, Mesha, Lasva rivers), and in the epi-
potamal of large watercourses (Cheptsa and Uruzan
rivers). Non-metric multidimensional scaling showed
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significant differences in spirlin diets between these
groups of watercourses in the ordination plot (Fig. 4).
The “anosim” function of vegan R package indicated
dissimilarity (0.367) of spirlin diets in different rivers.

Differences in spirlin diet between these groups of
rivers were confirmed by “SIMPER.” It showed the
importance of 15 components, which contributed
nearly 70% of overall dissimilarity between the diet
of Alburnoides rossicus in studied rivers (Table 7).
These components may be grouped in three types of
prey categories: filamentous green algae (Ulothrix,
Cladophora), adult terrestrial insect (bugs, ants,
aphids), and larvae of aquatic insects (chironomids,
blackflies, mayflies, caddisflies).

Discussion

Dams are prevalent impacts on hydromorphology in
rivers across the world, fragmenting river ecosystems
and reducing catchment scale connectivity (Nilsson
et al. 2005). Reduced water flow may affect fish in
fast-flowing rivers at both individual and assemblage
levels not only directly, but also via reduced resource
availability (Elosegi et al. 2010). Frequent droughts
also reduced resource availability for fish (Elosegi
et al. 2010).

In Western FEurope, spirlin populations have
declined dramatically in recent decades resulted
mainly from damming and deterioration of species’
fast-flowing water habitat (Marszal et al. 2018). How-
ever, in the rivers studied by us, Russian spirlin was
among the dominant fish species (Kotelnikova 2016).
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tent of the intestinal tracts of spirlin in various watercourses

This is apparently explained by the absence of a sig-
nificant anthropogenic impact on these rivers. There-
fore, the conditions in these rivers can be considered
pristine for Europe, which may be important for the
development of methods for the restoration of dis-
turbed habitats in them.

The key role of in the structure of the studied mac-
roinvertebrate communities of detritovores (scrapers,
collectors, filterers) indicates the great importance in
their feeding of fine particulate organic matter carried
out by the flow from the headwater stretches of the
rivers, as predicted by the River Continuum Concept
(Allan and Castillo 2007).

Diet composition and food electivity of spirlin

Influence of prey traits on predator selectivity is a
prerequisite for the understanding of community
processes (Worischka et al. 2015). In our study, spir-
lin positively selected mayfly larvae of Baetis spp.,
apparently due to their high mobility, small size, and
soft integument, which makes them easily accessi-
ble and digestible food item. Spirlin also positively
selected Heptagenia coerulans w Serratella ignita.
The larvae of these species are grazers and feed on

Coordinate 1

Fig. 4 Non-metric multidimensional scaling ordination plot
showing spirlin diet overlap in investigated rivers. Stress func-
tion value is 0.367

epiphytes on the upper surface of the substrate, where
fish easily consume them. This confirms that macroin-
vertebrate feeding type is one of the most important
traits influencing the prey selectivity of the riverine
benthivorous fish, which generally prefer macroin-
vertebrate grazers and sediment feeders (Worischka
et al. 2015). On the other hand, spirlin was nega-
tively selective for the larvae of Caenis macrura and
Ephemera lineata (Table 3). The first mayfly species
are common in packets of leaf litter, while the second
builds burrows in sandy substrates. In these microbio-
topes, they are poorly accessible to fish.

Caddisflies were a significant component in the
spirlin diet in most of the rivers studied. However, the
selectivity of spirlin for them ranged from strongly
positive to negative (Table 3). Fish positively selected
larvae of Hydropsyche contubernalis in the Bui and

Table 6 Morisita-Horn

; X River Bui River Cheptsa River ~ Vala River Mesha River ~ Uruzan River
index of food niche
similarity of Russian spirlin Cheptsa River  0.01+0.02 _ _ _ _
In various watercourses Vala River 0.01+0.03  0.03+0.02 - - -
Mesha River 0.01+£0.02 0.11+0.07 0.68+0.30 — -
Uruzan River 0.02+0.03  0.11+0.08 0.03+0.03 0.27+0.12 -
Lasva River 0.01+£0.03  0.06+0.04 0.73+£0.25 0.73+0.33 0.06+0.05
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Table 7 (Continued)

Cumulative

Contribu-
tion to

Average

Vala River

Mesha River

Lasva River

Cheptsa River Uruzan River

Buy River

Diet category

dissimilarity

(%)

dissimilar-
ity (%)

dissimilar-
ity (%)
2.20

63.25

2.05

8.95+14.05

0

5.88+7.73

0

237+7.74

Baetis vernus

65.29

2.04

1.90

2.48+9.28

4.98+10.35

0

15.80+13.64

Ulothrix sp.

67.28

1.99

1.85

0

5.15+£9.77

Aphididae

68.98

1.69

1.58

0

4.52+11.21

Cladophora globulina

Mesha rivers and negatively in most other streams
(Table 3). This may be due to the different microdis-
tribution of the larvae in various watercourses. The
larvae of Hydropsyche forage sometimes as collectors
but are also able to feed on animal food or graze on
periphyton (Fics6ér and Csabai 2021). The omnivo-
rous larvae of these caddisfly may occupy the bottom,
lateral sides, or top of rocks depending on environ-
mental conditions (Voelz and Ward 1996). As preda-
tors, they rely primarily on macroinvertebrate drift,
being located on the upper surface of rocks (Wal-
lace and Webster 1996). Hydropsychid larvae often
depend on animal diet in headwaters (Bing et al.
2015) similar to the rhithral of the Bui River. In this
case, they should be more vulnerable to fish predation
as compared to downstream stretches of rivers.

Chironomid larvae were abundant in the rivers we
studied and were a significant component in the spir-
lin diet. However, in most cases, fish selected them
negatively (Table 3). The reason, apparently, was that
these invertebrates mainly inhabited biotopes with
epiphytes, which served them as a refuge from fish
predation, because physical complexity of micro-
habitats reduced foraging efficiency of fish (Kornijow
1997; Nunn et al. 2012).

Earlier the importance of Ephemeroptera, Trichop-
tera, and Chironomidae as food for Alburnoides spp.
was shown in streams of Poland, Croatia, European
Russia, and Iran (Piria et al. 2005; Abbasi et al. 2013;
Kotelnikova 2016; Marszal et al. 2018).

Although Simuliidae were not found in the benthos
of most watercourses we studied, they were a sig-
nificant component of the diet of spirlins in many of
them. We believe that spirlin consumed these inver-
tebrates from the water column as they drifted from
upstream river stretches, because some studies indi-
cated that this fish species effectively fed on drifting
animals (Kotelnikova 2016; Marszal et al. 2018).

Filamentous algae were often found in spirlin
stomachs in the rivers studied by us and some other
rivers (Piria et al. 2005; Treer et al. 2006; Kotelnik-
ova 2016; Abbasi et al. 2013; Marszal et al. 2018;
Treer et al. 2006). However, the nutritional value of
this component seems dubious, because we found
that the algae throughout the intestine had intact cells
with chlorophyll. This means that the fish seem to be
poorly assimilating their contents. Aufwuchs is often
considered a poor food resource because of its low
digestibility and nutritive value (Nunn et al. 2012) .

@ Springer
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The extensive consumption of aufwuchs by fishes
is probably linked to a low availability of suitable
animal prey (Nunn et al. 2008). In our case, spirlins
apparently consumed filamentous algae by catching
macroinvertebrates that lived among them. In other
words, these algae were probably a concomitant non-
targeted component in their diet.

In the studied rivers, spirlins used a smaller part
of zoobenthos for food. Most of the benthos biomass
consisted of mollusks, oligochaetes, and leeches,
which were not consumed or poorly consumed by
spirlin. At the same time, it is known that other fish
species with high biomasses in the studied river
stretches, Squalius cephalus, Phoxinus phoxinus,
Perca fluviatilis, Thymallus thymallus, and Gobio
gobio, are capable of consuming these invertebrates
to varying degrees (e.g., Hellawell 1971; Kennedy and
Fitzmaurice 1972; Rask, 1986; Copp 2008; Balestrieri
et al. 2006; Worischka et al. 2012, 2015; Mustamaiki
et al. 2014; Smolinski and Glazaczow 2019). There-
fore, there is a resource partitioning between spirlin
and other abundant fish species, which decrease com-
petition with them. Resource partitioning facilitates
the co-existence of ecologically similar species and
community stability (Nunn et al., 2020). On the other
hand, underutilization of autochthonous invertebrates
by spirlins can create a lack of food for them, espe-
cially after the period of mass emergence of aquatic
insects. As a result, these fish had to replenish their
diet with allochthonous terrestrial insects that fall to
the surface of the water from the riverbanks.

Food webs in lower stream orders, as a rule, have
high contribution of allochthonous sources due to
dense canopy cover, which generally induces a strong
linkage to terrestrial subsidies (Allan and Castillo
2007; Doi 2009). The hyporhithral of the Bui River
had the dense riparian vegetation along the banks. As
a result, terrestrial insects, which fell from trees into
the water, played an important role in the spirlin diet
in this river. In addition, high flow rate and erosion
of the riverbanks led to the flushing into the river of
large numbers of ants, which also played a significant
role in the feeding of spirlins in the Bui River. As a
result, allochthonous insects predominated in the diet
of spirlin in hyporhithral, while in epipotamal, this
fish species predominantly consumed autochthonous
aquatic insects (Fig. 3), which led to a significant dif-
ference in food niches of spirlin in the potamal and
rhithral of the studied rivers (Table 6).

@ Springer

Aquatic and terrestrial insects are important items
in fish diet in rhithral habitats. For instance, terrestrial
invertebrates provided an important energy subsidy
for brown trout (Rincén and Lob6n-Cervia 1999;
Dineen et al. 2007). In contrast, in the potamal, ben-
thivorous fish feed mainly on zoobenthos, including
species burrowing into bottom sediments (Lik et al.
2017). Spirlins are usually most abundant in the tran-
sition zones between the rhithral and potamal of riv-
ers (Aarts and Nienhuis 2003) where, as was shown
in our study and others (Piria et al. 2005; Kotelnikova
2016; Abbasi et al. 2013; Marszal et al. 2018), they
are widely used for food aquatic and terrestrial insects
that are common to rhithral. However, their use of
invertebrates from the groups typical for the potamon
zone, such as mollusks, oligochaetes, and burrowing
insect larvae, is limited. Therefore, spirlins can be
considered specialized feeder that feeds on autochtho-
nous and allochthonous aquatic insects, rather than
opportunistic polyphages.
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