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Abstract Studies on assemblages of freshwater fishes
along elevational gradients of rivers are lacking, even
in Europe. In this paper we have explored the entire
range of elevational gradients existing in the European
part of Russia. We analyzed how fish biodiversity
(species richness, abundance, diversity indices) at 435
river sites differed by elevation. The impact of eleva-
tion on the distribution of freshwater fish species was
analyzed using regression and ordination methods. For
the first time for a large area of Eastern Europe,
optimum points and niche breadth for fish species
along altitude gradients were estimated. Our analyses
showed: (1) species richness and Shannon index de-
creased in the upper part of the gradient; fish abun-
dance showed a unimodal response to elevation;
highest numbers were found at elevations between

250 and 500 m; (2) ordination analysis demonstrated
an upstream-downstream gradient of the fish assem-
blages; (3) regression analysis showed significant pref-
erences for elevation by 19 species, all of which were
monotonic; (4) optimum and niche breadth (tolerance)
were highly variable between species; only five spe-
cies (brown trout, grayling, common minnow, bullhead
and stone loach) were encountered at elevations above
650 m; and (5) in our region, the habitat of grayling
was higher in the mountains, and its abundance
(numbers) at extreme elevations was greater, than
brown trout. These results show how fish assemblages
differ with elevation. Our findings identify the data
that can be used for regional environmental monitoring
of the state of small rivers and for aquatic
conservation.
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Introduction

Traditionally, studies of changes in animal and plant
communities along elevation gradients have been of
global interest to ecologists. Change in species diversity
along altitude gradients has been one of the most docu-
mented patterns in terms of the spatial variation of biota,
and studies have covered a large number of both coun-
tries and terrestrial organisms (e.g., Sanders and Rahbek
2011). Although numerous studies have been carried
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out on elevational patterns of species richness in plants,
mammals and birds, fewer studies have been conducted
on such patterns in fish (but see, e.g., Bhatt et al. 2012;
Carvajal-Quintero et al. 2015), perhaps because of the
need for labour-intensive trapping in the latter. In par-
ticular, studies on assemblages of freshwater fish along
elevation gradients at the eastern edge of Europe are
lacking (Askeyev et al. 2015).

A study of a whole region allows for assessment of a
wide range of environmental conditions: i.e., small
headwater streams in mountain or hill areas to large
lowland channels downstream (Vannote et al. 1980).
In riverine systems, the values of many environmental
factors, such as elevation, usually correspond to a lon-
gitudinal upstream-downstream gradient, along which
fish can easily disperse among preferred habitats. Zona-
tion of fish species has been described along these
elevation and longitudinal gradients (Huet 1959;
Sheldon 1968). Zonation is characterised by successive
replacements of species from mountains to lowland
types of rivers.

Research of fish assemblages that use total species
richness have often reported a tendency for richness to
decrease linearly as elevation increases (a low-elevation
peak) (Fu et al. 2004; Jaramillo-Villa et al. 2010;
Askeyev et al. 2015). However, there are studies that
show either a unimodal (i.e. mid-elevation optimum) or
nonlinear (i.e. non-constant response to elevation) pat-
tern (Grenouillet et al. 2004; Fu et al. 2004; Li et al.
2009), or an increase in species richness in high altitude
zones (Carvajal-Quintero et al. 2015). In addition, stud-
ies on the influence of the altitudinal gradient on the
change in number of fish are very rare.

Carvajal-Quintero et al. (2015) stated that studies on
elevational changes cannot be based on altitudinal gra-
dient changes in fish populations in one area, rather it is
necessary to describe the whole range of existing altitu-
dinal gradients in the region. For example, the elevation
range in Tatarstan is limited and represents only a small
part of the range that occurs across Eastern Europe.
Therefore, we have expanded on our earlier work to a
broader geographic area with a wider range of environ-
mental parameters (for example, the South Ural region
where there is a large range of elevation).

Most fish species on the eastern edge of Europe show
distribution limits with elevation or lower abundance at
higher elevations (Askeyev et al. 2014, 2015), most
likely due to adverse climates. However, many hill and
mountain ecosystems in this region of Europe remain

pristine or only mildly influenced by humans, and often
harbour rare species. In this context we specifically
studied changes in fish populations along an elevation
gradient in the far east of Europe. The ichthyofauna of
rivers of the Middle Volga and South Ural regions live
entirely in the catchment of the largest rivers in Europe,
and despite the proximity of these regions to the margins
of Eastern Europe, the fish fauna remains largely de-
rived from European ichthyofauna. However, the fish
assemblages of small and mid-sized rivers in the Volga
and Ural catchments are poorly understood because of
limited distributional information. These rivers and as-
semblages may represent good examples of others in
Eastern Europe owing to their similar history. The main
objectives of the study were: to (1) describe species
richness and abundance in relation to elevation in small
and mid-sized rivers on the eastern edge of Europe, (2)
investigate changes in fish assemblages along elevation
gradients, and (3) establish species optimum points and
niche breadths in relation to elevation.

Material and methods

Study area and environment

Our research was conducted in the eastern part of the
Ponto-Caspian biogeographic region. This region as
defined by Reyjol et al. (2007) includes biggest in
Europe rivers - the Volga, Kama, Belaya, Ural, Don,
Dnepr and Dniestr. This area (Fig. 1) is located in the
extreme east of Europe and lies within the Tatarstan and
Bashkortostan Republics of Russia. Historically, this
area was considered to be within the Middle Volga and
South Ural provinces of European Russia. These two
republics comprise two natural zones, forest and forest-
steppe, containing various habitats (sub-taiga coniferous
deciduous mixed forest, montane coniferous mixed for-
est (South Ural), broad-leaved woods, farmland, steppe
landscapes, rivers, lakes, and town and villages). The
relief in the Tatarstan Republic is mostly flat or undu-
lating lowland with hills [53–382 m a.s.l. (above sea
level)] and mountains (350–1600 m a.s.l.) occur in the
eastern part of the Bashkortostan Republic. The conti-
nental climate of the region is typical of Eastern Europe;
mean annual temperature is c. 2.0 to 4.0 °C and monthly
mean temperatures range from −12 to −15 °C in Janu-
ary, to 18 to 21 °C in July. The lowest temperature
recorded in the past 200 years was −52 °C, and the
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maximum was 40 °C. Average annual precipitation is c.
500–700 mm and snow cover lies for 140–200 days.
The main rivers, the Volga (3530 km), Ural (2420 km),
Kama (1880 km), Belaya (1430 km) and Vyatka
(1314 km), are among the 10 largest by length in Eu-
rope. Our study of fish populations covered almost the
entire territory of the Tatarstan Republic and the moun-
tainous part of the Bashkortostan Republic.

We focused on the study of fish assemblages of
small rivers (length up to 500 km). We excluded
rivers strongly influenced by large reservoirs. Fish
sampling was conducted at 475 sites, but only the
435 sites containing fish were included in analyses.
In 30 of the sites without fish, heavy oil water
pollution and a strong odour were noted during
sampling and are likely the cause of the absence of
fish. In addition, 10 rivers above 700–900 m a.s.l.
were also without fish, probably because mineral
water or harsh climatic conditions. The occupied
sites were located between 53 and 720 m a.s.l. with
a maximum depth and width of 1.7 and 70 m, respec-
tively. We also recorded other environmental variables
(Askeyev et al. 2015) but they are not considered further
in the current paper.

Fish assemblage data

Fieldwork was carried out from May to October in
the years 2005–2015 during reduced summer flows.
Fish samples were collected during active wading
catches of similar length (60–70 min). In smaller
rivers, four people actively fished by seining and
dip netting across the full width of the river. Two
people, one at each end, pulled the seine through the
water until they reached the shore, beaching the
seine on dry ground. We used three different lengths
of the nets, depending on the width of the river.
Three seining net were 5–15 m in length, with
1.2–1.5 m heights, mesh in the wings 5 × 5 mm,
in bags 3 × 3 mm. Dip nets were with diameter of
50–70 cm, with mesh 4 × 4 mm. Lengths of between
200 m (smaller rivers) and 400 m (larger river) of
the river sites were sampled. We follow to the rec-
ommendations, determining the length of the site,
for catching fish by FAME CONSORTIUM (2004).
Caught fish were placed in a plastic basin and
identified, counted and measured at the end of each
catch session, after which ≥90% of fish were
returned to the water; the remainder kept for

Fig. 1 Distribution of the sampling sites in the Tatarstan and Bashkortostan Republics (inset shows location within Europe)
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museum specimens (preserved in alcogol) or for food.
Both presence-absence and abundance data of fish at
each site were used in subsequent analyses.

Statistical analysis

We examined the relationships between species rich-
ness, total abundance (calculated as total number of fish
in a catch), biodiversity indexes (Shannon_H and in-
verse Simpson Dominance_D) and elevation using re-
gression analysis. Species assemblages were analyzed
using Principal Coordinate Analysis (PCоA). Ordina-
tion was carried out on presence-absence data. The
Bray-Curtis index was chosen as a dissimilarity measure
between species because it is non-parametric and there-
fore has no assumptions about the underlying distribu-
tion as well as it is more robust than most other dissim-
ilarity indices (Faith et al. 1987). It is for these reasons
that Bray-Curtis index is a popular choice among ecol-
ogists for comparing communities. The significance of
correlation between variables and axes was assessed by
Monte-Carlo permutation tests. Individual species re-
sponses to elevation were modeled with the use of
binomial generalized linear models (GLM) with a logit
link. The hypothesis was that the probability of occur-
rence of a species increased or decreased monotonically
with elevation. Both linear and quadratic forms of ele-
vation were considered because species can have a
unimodal response to an environmental gradient. The
best explanatory model was selected based on the
Akaike information criterion (AIC), where the model
with the lowest AIC is the one that best fits the data.

Species optima in terms of fish numbers by elevation
were calculated to rank species by habitat preferences.
This was done by fitting Gaussian response models to
species abundances along the elevational gradient. The
fitted parameters are optimum (i.e. average) and niche
breadth/tolerance (i.e. standard deviation). The algo-
rithm is based on weighted averaging according to ter
Braak and van Dam (1989). All calculations and
graphics were done in PAST version 2.17c (Hammer
et al. 2001) and XLSTAT 2015.

Results

A total of 71,788 individual fish of 42 species and two
hybrids (Alburnus alburnus × Rutilus rutilus) and
(Alburnus alburnus × Leuciscus?) were captured (see

Table 1 for scientific and common names and abbrevi-
ations). English common names are used throughout the
remainder of the text. Species richness per site ranged
from 1 to 23 species (mean ± S.E. = 5.2 ± 0.15). Total
number of fish at each site varied from 1 to 2003
individuals (mean ± S.E = 165.0 ± 10.8). The eight most
abundant species (common minnow, gudgeon, stone
loach, bleak, chub, sunbleak, dace and roach) comprised
90.0% of all captured individuals (Table 1). Only stone
loach, gudgeon and common minnow were present in
more than 50% of the catches (Table 1). The fish spe-
cies, which occurred at less than 14 sites were excluded
from analysis to prevent distortion of the results. Gibel
was excluded from analysis because there were no good
data about its systematic differentiation. Hybrid species
were also excluded from analysis. Thus, the data matrix
contained 21 species and 435 sites. We did not observe
any fish farms that could have supplemented numbers of
(native or non-native) fish in our sites. We have found
and established habitats of five species listed in the Red
Book of the Russian Federation (Table 1).

Relationship of species richness, total abundance
and diversity indexes with elevation

Elevation had a significant effect on the fish assemblage
parameters (Table 2). Species richness was negatively
related to elevation (Fig. 2a). Total fish abundance
showed a unimodal response to elevation; highest num-
bers was found at elevations between 250 and 500 m
with a decrease at higher elevations (Fig. 2b). Shannon
index decreased with elevation in contrast to Simpson
index (Fig. 2c, d).

Fish assemblages and elevation (PCoA)

The first two axes of the PCоA explained 80% of the
variability in the fish assemblage (axis 1: 65%, axis 2:
15%; Fig. 3). The first axis of PCoA was positively
correlated with elevation (r = 0.81, P < 0.001). Corre-
lations with the second axis were not significant. Gen-
erally, the sequence from left to right on the first axis
demonstrated a change of fish assemblages along the
elevation gradient. At the species level, results sug-
gested that species such as common minnow, grayling,
brown trout, bullhead and stone loach were particularly
associated with Bhigh^ elevations. Other fish species
were mainly associated with Blowland^ rivers.
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Table 1 List of the 42 sampled fish species and two hybrids, their scientific and common names, abbreviations, site frequency (in 435 sites)
and numbers caught. Species in bold are in the Russian Federation Red Book

Scientific name Abbreviation Common name Number of sites present Total number caught

Abramis brama (L.) Abbr Common bream 14 117

Alburnoides bipunctatus (Bloch) Albi Spirlin 45 1329

Alburnus alburnus (L.) Alal Bleak 98 4793

Aspius aspius (L.) Asp 7 22

Ballerus ballerus (L.) Blue bream 3 37

Ballerus sapa (Pallas) White-eye bream 4 5

Barbatula barbatula (L.) Babt Stone loach 334 8125

Blicca bjoerkna (L.) Silver bream 11 184

Carassius auratus gibelio (Bloch) Gibel 33 383

Carassius carassius (L.) Crucian carp 6 42

Chondrostoma variabile (Jakovlev) Chva Volga nase 14 193

Cobitis melanoleuca (Nichols) Cbme Siberian spined loach 112 874

Cobitis taenia (L.) Cbta Spined loach 47 162

Cottus gobio (L.) Cogo Bullhead 43 149

Cyprinus carpio (L.) Carp 6 13

Esox lucius (L.) Eslu Pike 30 74

Gobio gobio (L.) Gogo Gudgeon 299 8543

Gymnocephalus cernuus (L.) Gyce Ruffe 25 156

Hucho taimen (Pallas) Siberian taimen 6 10

Leucaspius delineatus (Heckel) Lude Sunbleak 106 1988

Leuciscus idus (L.) Ide 13 38

Leuciscus leuciscus (L.) Lele Dace 159 1920

Leuciscus (Squalius) cephalus (L.) Lece Chub 140 2160

Lota lota (L.) Lolo Burbot 17 26

Misgurnus fossilis (L.) Mud loach 1 1

Neogobius melanostomus (Pallas) Round goby 1 28

Pelecus cultratus (L.) Ziege 1 1

Perca fluviatilis (L.) Perf Perch 97 715

Perccottus glenii (Dybowski) Amur sleeper 7 16

Phodeus sericeus (Pallas) Bitterling 5 27

Phoxinus phoxinus (L.) Phph Common minnow 262 35,664

Phoxinus (Rhynchocypris) percnurus (Pallas, 1814) Lake minnow 1 1

Pungtitius pungtitius (L.) Nine-spined stickleback 2 55

Romanogobio albipinnatus (Lukash) Roma White-finned gudgeon 26 535

Rutilus rutilus (L.) Ruru Roach 86 1740

Salmo trutta m. fario (L.) Satr Brown trout 44 318

Sander lucioperca (L.) Zander 3 13

Scardinus erythrophthalmus (L.) Rudd 8 55

Silurus glanis (L.) Wels 1 3

Syngnathus abaster (Risso) Black-striped pipefish 1 1

Thymallus thymallus (L.) Thth Grayling 108 1207

Tinca tinca (L.) Tench 5 6

Alburnus alburnus × Rutilus rutilus Hybrid 4 36

Alburnus alburnus × Leuciscus? Hybrid 3 13
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Binomial generalized linear models (GLM) for each
of the 21 species

Elevation was the variable that explained most about the
distribution of fish in our study area. Binomial regres-
sion showed that all but two species (burbot, spirlin) had
statistically significant relationships with elevation
(Table 3). All the best models were linear according to
the AIC criterion. Figure 4 shows the probabilities of
occurrence for the 19 significant species against eleva-
tion. For brown trout, grayling and bullhead, a positive
relationship with elevation was evident but probabilities
of occurrence were zero or nearly zero below 130–
150 m a.s.l. Common minnows reached a maximum
above 500 m. Stone loach and gudgeon occurred with
high probabilities across all elevations. Bleak, sunbleak,
chub, dace, perch, spined loach and pike occurred over
almost the full range of elevation, but the probability of
occurrence decreased with increasing elevation and
were nearly absent above 500 m. For roach, Volga nase,
white-finned gudgeon, common bream and ruffe the
probability of occurrence decreased sharply along the
elevation gradient, and probabilities of occurrence be-
come zero above 100–200 m a.s.l.

Species optimum point and niche breadth

Table 4 shows differences between species in their op-
tima and tolerance in relation to elevation gradients.
Optimal points by elevation differed from 60.9 m a.s.l.
(white-finned gudgeon) to 469.6 m a.s.l. (grayling) and
only four species had optimal points above 300 m a.s.l.
In addition, only five species (brown trout, grayling,
common minnow, bullhead and stone loach) were

Table 2 Summary of regression models of four measures of fish
diversity against elevation

Coefficient SE P

Species richness -0.004 0.0008 < 0.001

Fish total abundance -0.012 0.008 < 0.001

Shannon index -0.001 0.0001 < 0.001

Simpson (Dominance) index 0.0006 0.00006 < 0.001
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encountered at elevations above 650–700 m (Table 4).
Niche breadth (tolerance) was highly variable between
species (Table 4). Volga nase, white-finned gudgeon and
roach had a low tolerance, indicating that these were

highly specialized with respect to elevation. Ten species
had tolerance values between 136.1 and 195.8 and these
species had their optimal points between 150 and 400 m
elevation.

Discussion

Our study presents the analysis of a large novel data set
reflecting the elevational distribution of river fish as-
semblages on the boundary between Europe and Asia
and confirms the existence of such gradients in rivers in
the Tatarstan and Bashkortostan Republics.

Total species richness showed a gradual decline with
increasing elevation, supporting Rapoport’s rule
(Rapoport 1982; Stevens 1992). Our study is also in
agreement with studies of fish species in the Yangtze
River basin (Fu et al. 2004), in the southern Appala-
chians (Robinson and Rand 2005), in Himalaya (Bhatt
et al. 2012), and in the central Andes (Jaramillo-Villa
et al. 2010), which reported that the diversity of fresh-
water fish decreased gradually with elevation. The op-
posite was reported in the northern Andes by Carvajal-
Quintero et al. (2015) where highest species richness
was found at lower elevations between 250 and 1000 m
a.s.l. and species richness decreased with increasing
elevation up to 1750 m a.s.l., but above 2000 m a.s.l.
species richness increased.

Of course, the elevational range in our study area is
limited and represents only a small part of the range that
occurs across the world. However, we have explored the
entire range of elevational gradients existing in the
European part of Russia (4,000,000 sq.km). Indeed this
allows us to use our data in macroecological studies
much more efficiently than data obtained from a

Fig. 3 Principal Coordinate
Analysis (PCоA) biplot of fish
assemblege and elevation
variables in the eastern edge of
Europe. Elevation is shown as a
vector (see Table 1 for species
abbreviations)

Table 3 Summary of GLM of fish absence/presence on elevation.
Significant P values are in bold

Species Coefficient SE P

Species prefer river sites at altitudes >500 m

Grayling 0.908 0.083 < 0.001

Brown trout 0.395 0.082 < 0.001

Common minnow 0.392 0.066 < 0.001

Bullhead 0.604 0.093 < 0.001

Species prefer river sites at altitudes <500 m

Stone loach -0.217 0.060 < 0.001

Gudgeon -0.337 0.057 < 0.001

Chub -0.461 0.072 < 0.001

Dace -0.535 0.083 < 0.001

Siberian spined loach -0.335 0.076 < 0.001

Spined loach -0.325 0.114 < 0.001

Sunbleak -0.414 0.084 < 0.001

Perch -0.192 0.071 < 0.001

Pike -0.265 0.132 < 0.001

Bleak -0.278 0.076 < 0.001

Species prefer river sites at altitudes <250 m

Roach -1.736 0.341 < 0.001

Ruffe -0.658 0.238 < 0.001

Common bream -0.783 0.370 < 0.001

White-finned gudgeon -5.863 1.312 < 0.001

Volga nase -12.200 3.486 < 0.001

Non-significant relation

Spirlin 0.035 0.084 0.2

Burbot -0.138 0.150 0.1
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restricted range of elevations. In addition, we can rule
out changes in species richness on an elevational gradi-
ent being caused largely by the presence of endemic
species in the samples, since endemism was low in the
region. We agree with various authors (Campbell Grant
et al. 2007; Finn et al. 2011; Dias et al. 2013) who stated

that the conditions of rivers was more complex and
fragmented toward their headwaters and can promote
isolation in assemblages of freshwater animals. Isola-
tion, in turn, leads to speciation in fish assemblages
(Oberdorff et al. 1999; Fu et al. 2004; Tedesco et al.
2012; Carvajal-Quintero et al. 2015) particularly at high

Fig. 4 The effect of elevation range on the probabilities of the occurrence of 19 freshwater fish species in the eastern edge of Europe. The
model expected values are in red, and the confidence interval bands are in grey (see Table 1 for species abbreviations)
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elevations. In our case, and indeed in Europe, the pro-
portion of endemic species in areas of high-elevation is
very small. For example, in our region there are no
endemic species, perhaps the result of the absence of
climatic and geographic isolation of these rivers. How-
ever, it should be said that we consider the main reason
for the lack of endemism is the extremely harsh climatic
conditions in the region. Even with geographical condi-
tions for speciation (barriers, distribution limits) and, in
our region, the presence of distributional limits for more
than 20 fish species, the climate component does not
provide conditions at high elevations for this process. In
our context climate (winter lasts 6–7 months,

temperature dips annually to −40 °C and in some years
to −50 °C, and many rivers freeze to the bottom) does
not facilitate speciation.

We observed that the Shannon index decreased with
elevation, i.e. the diversity of common (or typical) spe-
cies in the fish community decreased on an elevational
gradient. Simpson’s index did the opposite, which can
be interpreted as increasing the share of the numerically
dominant species at higher elevations. Again, these
processes were monotonic. The behaviour of these in-
dices suggests that the fish community at high-
elevations is dominated numerically by a few species.
Only three species (common minnow, grayling and
brown trout) dominate above 600 m. This can be
interpreted as adaptation of the fish populations to the
existing available natural resources (Matthews 1998). In
contrast to diversity, total abundance showed a
unimodal response to elevation (Fig. 2b). The highest
fish numbers were found at elevations between 250 and
500 m. Foremost, it should be noted that the numbers of
animals (abundance, density) reflect the quality of the
environment which in turn affects the amount of time
the reproductive rate has been positive; whereas, the
number of species reflects the evolutionary history of
the region. So we see that, on the elevational gradient,
fish numbers and species richness behaved differently.

Two major environmental gradients determine Euro-
pean fish assemblages: physical characteristics of the
river channel, varying along the longitudinal gradient
(stream size and slope), and the thermal gradient
(Buisson et al. 2008; Logez et al. 2012). In our case,
PCоA results and earlier research (Askeyev et al. 2015)
indicated that elevation played an important role in
determining species composition of fish assemblages.
Here it must be said that the gradual change in elevation
is strongly correlated with changes in temperature and
slope gradients. There is an opinion that, in areas with an
abrupt change in elevation, fish communities occur
along a stream longitudinal zonation (Matthews 1998).
Our results, which were obtained in the extreme east of
Europe, are similar to the data collected in Western
Europe. In general, the elevation gradient of fish assem-
blages (fish zones) was similar to that elsewhere in
Europe (Huet 1959; Verneaux 1977; Belliard et al.
1997; Oberdorff et al. 2001; Pont et al. 2005; Humpl
2006; Grenouillet et al. 2007; Bergerot et al. 2008;
Birzaks 2012). However, it should be said that, in terms
of elevational gradient, some cold-water species were
arranged a little differently than in Western Europe. For

Table 4 Optimum elevation, niche tolerance and maximum alti-
tude of the 21 most common species in the study

Species Elevation (m)

Optimum Tolerance Maximum
Altitude (m)

50- < 100 m

White-finned gudgeon 60.9 11 115

Volga nase 63.5 6.2 80

Common bream 76.4 74.1 354

Roach 81.1 26.9 549

100- < 150 m

Ruffe 128.1 121.9 370

Chub 128.5 105.9 549

Sunbleak 140.1 102.6 603

150- < 200 m

Spined loach 154.7 139.1 562

Dace 154.8 139.8 556

Siberian spined loach 158.5 140.6 605

Pike 168.6 136.1 549

Perch 171.5 126.1 605

Burbot 181.6 178.1 540

Bleak 183.1 156.5 549

200- < 250 m

Gudgeon 206.4 166.3 619

Spirlin 218.6 136.2 438

Stone loach 228.6 126.7 650

350- < 400 m

Bullhead 358.2 195.8 700

Common minnow 361 160.5 700

Brown trout 383.5 126.2 700

450- < 500 m

Grayling 469.6 111.1 720

Environ Biol Fish (2017) 100:585–596 593



example, grayling and common minnow zones were
located above the trout zone. The reasons for this are
discussed below.

Our results demonstrated that the response of the
typical upstream (cold-water) fish fauna to elevational
range differed from that of species inhabiting down-
stream (warm-water) rivers. Presence-absence data
show significant elevational preferences by 19 species
at the eastern edge of Europe, all of which were mono-
tonic. Our data are important for two reasons, first we
analysed the elevational range of fish species directly,
which is rarely done in studies reported in the literature,
and second, our study area is at the eastern limit of the
majority of European fish species. Therefore, differ-
ences in elevational preferences between species in our
study and those in Western Europe may be because of
the abovementioned reasons. Preference zones in eleva-
tion range lie above 500 m for only four species (gray-
ling, brown trout, common minnow, and bullhead); for
other species the zones are much lower. Further south in
Russia, for example in the Terek-Caspian region the
upper boundary of the range of brown trout within the
Chechen Republic is 1869 m a.s.l. but the optimal zone
lies between 400 and 800 m (Kaimov 2013).

Optimal points and tolerance in environmental gra-
dients can be interpreted as realized niche position and
breadth. The 21 studied species were distributed along
all elevations according to their optimum points, report-
ed for the first time in this eastern part of Europe. In a
previous paper, we acknowledged that the elevation
range in Tatarstan is limited and represents only a small
part of that found in Eastern Europe (Askeyev et al.
2015). These optima and niche ranges are not di-
rectly comparable with those in the literature be-
cause the latter were basically estimated using
presence-absence data (Pont et al. 2005; Buisson
et al. 2008; Logez et al. 2012). It was very interest-
ing that in our region the highest optimum point was
for grayling. Below it followed brown trout, com-
mon minnow and bullhead. After analysis of the
elevational gradient, we detected that the least marginal
species with the broadest niche were cold-water species
(bullhead, burbot, gudgeon and common minnow),
whereas marginal and specialized species were warm-
water species (white-finned gudgeon, Volga nase, roach,
common bream).

Analyzing the above, we can construct our views on
the Bfish zone^ along an elevational gradient in Eastern
Europe. The species ordination along the elevational

gradient is basically consistent with the literature. Sal-
monids, common minnow and bullhead formed the
highest zone on the gradient. In the Chechen Republic,
brown trout is the only representative of the fish fauna
above 900 m a.s.l. (Kaimov 2013). However, in our
region, grayling exists higher in the mountains, and its
abundance (numbers) at extreme elevations is greater
than brown trout. In Europe, grayling zones are lower
than the brown trout zone (Huet 1959; Grenouillet et al.
2007; Logez et al. 2012). This difference is probably
because of the more extreme conditions observed in our
region. Grayling, in contrast to brown trout, is a species
of a central Asian and taiga origin and more fitted to a
mid-continental climate (with a sharp temperature am-
plitude). For example, in our region, the amplitude
between mean January and July temperature is 30–
35 °C. Furthermore, Logez et al. (2012) confirmed that
probability of grayling presence increased with increas-
ing thermal amplitude, whereas brown trout decreased
along a thermal gradient. The following fish zones are
absolutely consistent with the literature. BWarm water^
fish species such as roach, ruffe, Volga nase, white-
finned gudgeon, common bream, and bleak form a zone
in the lowest part of the gradient. Perch, chub, dace,
gudgeon, spinned loach, and some other species occu-
pied a middle position between the above two groups.

In conclusion, we successfully modelled the fish
assemblage changes along an elevation gradient, and
report the optima and niche width of elevation for 21
fish species in mid-sized and small rivers in the eastern
edge of Europe. We also demonstrated that the effect of
elevation on fish populations differs in different parts of
the world.

The findings of our work identify the data that can be
used in regional environmental monitoring on the state
of small rivers. Fact sheets on the distribution of rare and
endangered fish species may be used in the planning and
conduct of economic activity, as well as ecological
activities (such as protection, restoration and acclimati-
zation) and to study the biological diversity of aquatic
ecosystems.
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