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Abstract: Twelve sites along the Totkabon River, north of Iran were sampled to study the relationship between fish assemblage and habitat variables, including
elevation, water depth, river width, river slope, current velocity, number of large stone, average stone diameter, substrate index, potamal cover index and periphyton
cover index. Canonical correspondence analysis was used to determine the relationship between fish assemblage and habitat variables. The results indicated that
presence-absence and abundance of Alburnoides samiii were related to elevation, depth, number of large stone, stone diameter and velocity; presence-absence
and abundance of Oxynoemacheilus bergianus, Cobitis keyvani, Barbus cyri, and Ponticola iranicus were related to number of large stone, stone diameter, velocity,
elevation, and depth; and presence-absence and abundance Acanthobrama microlepis, Carassius auratus, and Pseurasbora parva are related with large stone,
slope, elevation, and depth. The relationships between habitat variables and fish assemblage provide insight into their ecology and can aid effective fisheries

management in the Sefidrud River basin.
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INTRODUCTION

Spatial and temporal patterns of fish assemblages are
central themes in stream ecology (Matthews, 1998). Those
patterns in riverine fish are influenced by a number of biotic
processes, including recruitment (Doherty and Williams, 1988),
competition (Jones, 1991), and predation (Hixon, 1991; Hixon
and Beets, 1993) plus abiotic parameters such as physical and
chemical features, e.g. changes in flow, depth, substrate, and
water quality (Capone and Kushlan, 1991). These spatial and
temporal patterns provide a basis for classification and
management of fish assemblages in aquatic ecosystems.

Anthropogenic activities may alter riverine ecosystems
(Jennings et al., 1999) through changing the composition and
density of macrophytes (Bryan and Scarnecchia, 1992),
quantity and diversity of shoreline habitat (Christensen et al.,
1996), and substrate composition (Jennings et al., 1996). To
evaluate effects of anthropogenic-origined habitat changes on
fish assemblages, the knowledge on the relationship between
fish assemblage and environmental factors is required (Lester
etal., 1996).

In recent years, several works investigated habitat loss and
alteration as main factors threatening freshwater fish
assemblages (Williams et al., 1989; Allen and Flecker, 1993;
Richter et al, 1997). Hence, the relationship between
quantitative fish assemblages and the environmental factors is
advantageous for managerial purposes. It may be difficult to
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apply fish-environment relationships (models) procured from
detailed, location-specific studies in other regions if stream
conditions differ (Fausch et al., 1988). In addition, the ecology
of many species varies across the range of their distribution.

There is no information on spatial and temporal patterns of
fish assemblage and their relationship with environmental
factors in the Totkabon River, a tributary stream of the Sefidrud
River (the Caspian Sea basin, Iran). Therefore, this study
aimed to examine the relationship between environmental
factors and fish assemblage of this river to address important
environmental factors, which determine fish composition and
patterns of fish assemblages.

MATERIALS AND METHODS

Sampling: To evaluate how local environmental factors
affect the distribution and abundance patterns of fish
assemblage, we sampled fish and measured physical variables
of habitat in autumn 2014 during base flow conditions. Thirteen
sampling sites, distributed in elevation profiles, were selected
to cover all available habitats along the Totkabon River in the
Guilan Province of Iran (Figure 1). Sampling sites were 30 m
apart. In all cases, fish were collected using backpack
electrofishing device (Samus MP750, 45 cm diameter,
aluminium ring anode) plus up- and down-stream stop-nets with
0.2 cm mesh size. For sampling, one-removal method with
similar catch per unit of effort (CPUE) sampling strategy was
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employed (Klaar et al., 2004). The sampled fish were belonged
to nine species and were returned to the river after identification
and counting.
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Figure 1. Map of sampling sites in the Totkabon River

Habitat Data: The measured habitat variables were:
elevation (m), water depth (cm), river width (cm), river slope
(%), current velocity (cm s°1), number of large stone (> 25 cm),
average of stone diameter (cm), substrate index (%), potamal
cover index (PoCl), and periphyton cover index (PeCl).

Elevation and geographical coordinates of sampling sites
were recorded using a GPS (Garmin®). The stream depth (cm)
was measured at 20 points across the sampling site using a
graduated measuring bar, and their average was considered as
river depth. Width (cm) of the river was measured using a
tapeline. The average of anterior, middle and end of each site
was calculated as width of the river. Slope of the river was
measured using a Suunto device (PM-PC Clinometer). Water
velocity (m s') was measured using a floating object based on
Hasanlie (1999), number of large stone (>25 cm) were found
by counting the large stones in 20 selected quadrates (50x50)
based on Lotfi (2012), the average of stone diameter was
calculated by measuring the diameter of bed stones in 20
selected quadrated (50x50) based on Lotfi (2012), and
substrate index (Sl) was calculated using the following formula:
(Substrate Index) SI = 0.08x%bedrock + 0.07x%boulder +
0.06x%cobble + 0.05x%gravel + 0.035x%fines (Jowett et al.,
2008). The Potamal Cover Index (PoCl) and Periphyton Cover
Index (PeCl) were determined using a ranking method (Platts
et al., 1983) giving scores between 1-5 and 1-6, respectively for
each site based on the percentage of surface covered by
vegetation or periphyton (Tabatabaei et al., 2015).

Statistical Analysis: Canonical Correspondence Analysis
(CCA) was used to examine the relationship between the

structure of fish assemblage and environmental data (Jackson
and Harvey, 1989). This is a method for direct gradient analysis
in community ecology (ter Braak, 1986; Rodriguez and Lewis,
1997), describing the major trends in species distribution and
correlated environmental parameters. The significance of
environmental factors was assessed using “envfit” function
after determination “2" for environmental variables. A
permutation test was used to examine significance of each
environmental variable (1000 permutations) on all axes
conjointly.

Primarily, all environmental variables were used in the
CCA. The variance inflation factors (VIFs) were used to assess
independence of variables. Variables with large VIFs (>20)
were removed from the analysis to eliminate correlation among
variables (ter Braak and Verdonschot, 1995). Some variables
did not explain variation along major axes and were thus
eliminated from the post-hoc analysis (Jongman et al., 1995;
ter Braak and Verdonschot, 1995).

The CCA biplot graph was used to explain relationships
between species and habitat factors. The species—
environmental biplot is an ordination diagram in which the
species and environmental variables are shown as points and
vectors, respectively. The vectors show the direction of
maximum variation in value of the corresponding variable (ter
Braak and Verdonschot, 1995).

RESULTS

Nine species were included in the final CCA analysis (Table
1). Range, mean, and standard deviation of the measures
environmental variables of sampling sites are presented in
Table 2. Variables in the final CCA were elevation, water depth
(cm), river width (m), river slope (%), current velocity (cm s-1),
number of large stone (>25 cm), and average stone diameter
(cm). The removed variables with VIFs >20 were substrate
index (%), Potamal Cover Index (PoCl), and Periphyton Cover
Index (PeCl). The relationships between seven selected habitat
variables and structures of fish assemblage are depicted in
Figures 2 and 3. The position of a species relative to a vector
of environmental variables indicates how the species is
associated with the environmental variables.

Presence-absence data: The first two axes of CCA
explained 36.85 and 31.41% (68.264 in total) of the variation in
fish assemblages, respectively. The eigenvalues of axis 1 and
2 accounted 0.157 and 0.134 of the variance, respectively.
Elevation (-0.51) and slope (0.53) were positively and
negatively correlated, respectively, with the first ordination axis.
Elevation (0.53) and depth (0.84) had positive, and width
(-0.74), slope (-0.60), velocity (-0.59), and stone diameter
(-0.61) negative correlation with the second axis (Table 3). Non-
significant environmental factors, identified in the stepwise
forward selection process were substrate index, PoCl and PeCl
that were ignored in CCA.
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Table1. Presence-absent data of sampling sites

Species/sites

Barbus cyri

Capoeta gracilis
Alburnoides samiii
Acanthobrama microlepis,
Ponticola iranicus

Cobitis keyvani
Oxynoemacheilus bergianus +
Carrassius auratus

Pseuorasbora parva

+ + + =

+ +
+ + + + + 4+ 4|

+ + + + +

+ + + |~
+ + +|oo
+ + +|¢©

+ + 4+ + +
+

Table 2. Range, mean, and standard deviation of the measured
environmental variables of sampling sites

Environmental variables Range MeanSD
Elevation (m) 129-208 180.6+27.1
Depth (cm) 15-78 34.11£17.64
Width (cm) 1.42-12.51 5.5+3.13

Slope (%) 0.37-2.4 1.22+0.69
Velocity (m s') 0.36-0.71 0.53+0.10
Stone Diameter (cm) 2-222 35.7+57.4
Number of large stones 2-141 42.8+39.8
Substrate index (%) 0.047-0.071 0.06+0.007
Temperature (°C) 13.5-15 14.3+0.49
(F’F(,);aér;;al cover index 15 31+1.02

(PF?ergr;yton cover index 46 454087

The biplot generated by presence-absence data indicated
that (1) presence—absence of Alburnoides samiii (Alsa) was
positively related to elevation and depth and negatively with the
number of large stone, stone diameter and velocity, (2)
presence-absence of Oxynoemacheilus bergianus (Oxbe),
Cobitis keyvani (Coke), Barbus cyri (Baci) and Ponticola
iranicus (Poir) were positively related to the number of large
stone, stone diameter and velocity and negatively with
elevation and depth and (3) presence-absence of other
species, including Acanthobrama microlepis (Acmi), Carassius
auratus (Caur) and Pseudorasbora parva (Pspa) were not
clearly related to any variables (Figure 2).

Abundance data: There was a significant relationship
between abundance of fish species and environmental factors
in CCA (P<0.0001). The first two axes of CCA explained 44.782
and 28.044% (totally 72.826%) of the variation in fish
assemblages, respectively. The eigenvalues of axis 1 and 2
accounted 0.352 and 0.221 of the variance, respectively (Table
4). The results show that depth was positively (0.67), width (-
0.57) and slope (-0.58), were negatively correlated with the first
ordination axis (Table 4). These factors represent the most
important environmental factors related to the structure of fish
assemblage. The river width (-0.68) was negatively correlated

with the second ordination axis (Table 4). Non-significant
environmental factors in the stepwise forward selection process
were substrate index, PoCl and PeCl being ignored in CCA.

axis 2
=

Figure 2. Canonical correspondence analysis (CCA), ordination
diagram showing the effect of significant environmental variables on
the structure of fish assemblages (presence-absence data)

axis 2

axis 1
Figure 3. Canonical correspondence analysis (CCA) showing the

effect of significant environmental variables on the structure of fish
assemblages (abundance data)
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Table 3. Inter-set correlations of significant environmental variables
with the first two ordination axes of the final canonical correspondence
analysis (CCA) (presence—absence data)

Environmental variable CCA axis 1 CCA axis 2
Elevation (m) -0.51 0.53
Depth (cm) 0.15 0.84
Width (cm) 0.12 0.74
Slope 0.53 -0.60
Velocity (m/s) -0.01 -0.59
Average of Stone Diameter 0.04 -0.61
Number of large stone 0.01 -0.35
Eigenvalue 0.157 0.134
Variance 36.854 31.41

Table 4. Inter-set correlations of significant environmental factors with
the first two ordination axes of the final canonical correspondence
analysis (CCA) (abundance data)

Environmental variable CCA axis 1 CCA axis 2
Elevation (m) 0.35 -0.08
Depth (cm) 0.67 0.05
Width (cm) 0.57 -0.68
Slope -0.58 0.05
Velocity (m/s) 0.33 -0.30
Stone Diameter -0.31 -0.15
Number of large stones 0.16 -0.16
Eigenvalue 0.352 0.221
Variance 44.782 28.044

The biplot generated by abundance data revealed that (1)
abundance of A. microlepis (Acmi) was positively associated
with slope and negatively with elevation and depth, (2)
abundance of P. iranicus (Poir), C. keyvani (Coke) and O.
bergianus (Oxbe) were positively related to stone diameter,
velocity and width, (3) abundance of C. auratus (Caur), P. parva
(Pspa) and Capoeta gracilis (Cagr) were negatively related to
the number of large stone, (4) abundance of A. samiii (Alse)
was negatively related to slope and positively to elevation, and
(5) abundance of B. cyri (Baci) was positively related to the
number of large stone (Figure 3)

DISCUSSION

The Totkabon River has a diverse fish fauna with high
conservation importance. In this study, B. cyri, C. gracilis, O.
Bergianus, and P. iranicus were the dominant assemblage as
they occupied all possible habitats due to their high adaptability
to a large range of environmental factors. Among the fish fauna
of this river, two cyprinid species, i.e., B. cyriand C. gracilis are
widely distributed in the studied sites (Jouladeh-Roudbar et al.,
2015). Such widespread distribution and their great abundance
suggest that these species are capable of tolerating a wide
range of environmental conditions (Pusey et al., 1993).

The results showed that six variables, including elevation,
depth, width, slope, velocity, and stone diameter influenced the
presence—absence patterns of fish assemblage significantly.
Depth, width, and slope influenced the abundance of fish
assemblage at the Totkabon River significantly. The presence
of species at habitat within its potential geographical range is
affected by both historical, biogeographic conditions, such as
prior colonization opportunities that explain the regional species
pool, and contemporary local factors, such as small-scale
habitat conditions (Jackson et al., 2001). Large streams have
complex networks, and investigating small changes in entire
fish community may help understanding the variables shaping
species abundance (Gauch, 1982; ter Braak, 1986; Palmer,
1993). Elevation and longitudinal stream profile have long been
recognized as influential factors in stream ecology (Vannote et
al., 1980), especially in forested stream systems similar to that
of the Totkabon River. A high water flow rate may also increase
habitat area and turbidity, which may subsequently drop the
potential for predation of species (Feyrer and Healey, 2003).

Our results indicated that the distribution of fish in the
Totkabon River was largely influenced by the substrate
characteristics, namely, abundance and diameter of large
stones. These features have already been reported as
important factors in distribution of stream fish assemblage
(Eros et al., 2003; Carter et al., 2004). The substrate, per se,
has an effect on other variables in rivers such as flow velocity
and hence depth, resulting habitats with dissimilar features
(Inoue and Nunokawa, 2002).

In the present study, the direct gradient analysis (CCA)
found suites of environmental factors underlie the patterns of
community structure across broad geographical scales. Water
depth, current velocity, and substratum material features have
been considered important factors that influence fish
community structure (Gorman and Karr, 1978; Schlosser, 1982;
Moyle and Vondracek, 1985; Bain et al., 1988; Lobb and Orth,
1991).

The results showed that the presence of some species in
the assemblage were related to a range of a particular
environmental factor underlining the hydraulic niche of species.
For example, A. samiii were in deep areas of the river where
pools were abundant. The occurrence of C. keyvani was
coincided with low slope and substrate index, i.e., areas with
slow water velocity and muddy-sandy substrates. In addition,
the results showed that two exaotic fish species, P. parva and
C. auratus are found along the banks of rivers among
vegetation where ponds are formed with slow water velocity
although these characteristics were not among the examined
factors in this study.

This study provided valuable information regarding
effective environmental factors on species of the Tonekabon
River which is a typical river in the southern Caspian Sea
benefitting fisheries management and conservation.
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