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Abstract 

Lack of information about ichthyofauna makes it difficult to predict human effects on the 

communities. In this study, the effects of the environmental and human factors were examined 

on altitudinal patterns of fish habitat selection, faunal changes, species richness and fish 

abundance from upstream to downstream in the southern part of the central Alborz Protected 

Area during 2016 and 2017. 366 fish individuals of five species in three families were 

identified and brown trout was the dominant species. The river was divided into three zones 

based on habitat structure, species composition and influence of physical and chemical 

variables. The results indicate that, in some situations, including small changes in habitat 

structure indices, physical and chemical variables along the altitudinal gradient are more 

effective in habitat preference, describing the composition, and abundance. Chemical variables 

can help to have a better understanding of the conventional patterns, shaped by the habitat 

structure and physical variables. Habitat suitability index model for brown trout in three zones 

is completely different over the two years and this species could overcome these conditions. 

However, upstream areas were more appropriate. Dam, with decreases of outlet water 

temperature, also creates homogeneous and simple habitats leading to changes in expected fish 

distribution patterns with decreasing altitude. These conditions may have increased habitat 

suitability index for the brown trout in downstream, while despite favorable ecological 

conditions in the middle zone, habitat suitability index and alternative habitats available in this 

zone are likely to decline due to density and interspecific competition. The natural pattern of 

fish distribution and habitat selection varies along the altitudinal gradient due to various factors 

and human disturbances. Optimal management of protected areas can control the effects of 

some of these factors at least temporarily. 
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Introduction 

Sustainable utilization and biodiversity 

conservation in riverine ecosystems, 

especially those exposed to 

anthropogenic activities, must address 

the requirements of occupying species 

(Porter et al., 2000). The distribution of 

species across spatial and temporal 

scales is created by biotic and abiotic 

factors, especially among freshwater 

fish (Jackson et al., 2001). 

     Commonly, the most critical 

environmental factors affecting the 

determination of fish distribution are 

river size, elevation, habitat complexity, 

current velocity, depth, conductivity 

and temperature (Tejerina-Garro et al., 

2005). Decreasing species diversity and 

replacement have been observed as a 

function of altitude, although the 

determinant processes of this pattern are 

less well-known (Lomolino, 2001). Fish 

diversity is correlated with altitude, 

distance from the headwaters (Bistoni 

and Hued, 2002), and size of the flow 

during longitudinal changes, water 

temperature, and slope of the stream 

(Pouilly et al., 2006).  

     As the altitude increases, 

mountainous area changes from 

warmer, darker and more moderate 

waters to cold oxygenated and turbulent 

waters, respectively; these alteration 

changes the structure and composition 

of fish communities, based on the 

morphology and habitat used (Rahel 

and Hubert 1991; Jaramillo-Villa et al., 

2010).  

     Many studies of longitudinal change 

in fish fauna focus exclusively on the 

richness and composition pattern of fish 

species due to the presence or absence 

of that species. A review of species 

relative abundance distribution 

(Tokeshi, 1993; Hubbell, 2001) and 

survey of its preferred habitat can 

provide a better insight into features. 

Furthermore, because of the importance 

of habitat selection as one of the 

essential processes affecting fish 

distribution in aquatic ecosystems 

(Craig and Crowder, 2002), recognizing 

its determinants can play a key role in 

the proper conservation of species. 

     The protected Karaj River, situated 

within the Namak Lake basin, 

originates from the highlands of the 

Alborz Province and is exposed to 

anthropogenic activities including farm 

wastes, dam construction, and 

ecotourism. The average height of 

Karaj River is about 1600 m from the 

above sea level (a.s.l.). 61% of this 

basin is located at the heights higher 

than 2500 m. The minimum height of 

the Karaj river basin was about 1320 m 

and the maximum height being equal to 

4000 m in the north. The Karaj River 

with a length of 75 km, width of 8 to 15 

m and depth of 1-2 m, is considered as 

one of the most important rivers 

flowing in the South Alborz Mountains. 

The average flow of the river is about 

17 m
3
/s. The water flow is higher in the 

winter and early spring and lower in the 

summer and autumn. The river finally 

empties in the Salt Lake of Ghom in the 

Central Iran. Karaj River and Karaj dam 

have always been considered as one of 

the main sources of drinking and 

farming water in the Tehran province 
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(Talari and Gholizadeh, 2016; 

Movagharnejad et al., 2017).  

     This is the first coherent study on 

fish in the Karaj River, which was 

conducted to determine the factors 

affecting the formation of species 

diversity and distribution. In addition, 

this research has studied effects of 

combination of biotic and abiotic 

factors on the abundance, richness and 

composition of fish. This study was 

performed to determine the fish species 

composition and survey of habitat 

selection changes along altitudinal 

gradients from upstream-to-

downstream. Also, the evaluation of the 

effect of abiotic (habitat structure, 

physical, and chemical variables) and 

biotic variables as well as 

anthropogenic activities (e.g., 

hydroelectric dams, agriculture, and 

pollution) on the abundance, 

composition and habitat selection of 

species has been studied. Lastly, 

determination of how species 

composition may change due to 

anthropogenic activities (e.g., 

hydroelectric dams, agriculture, and 

pollution). Such information is required 

to generate useful conservation 

strategies for aquatic ecosystems. 

 

Materials and methods 

Study area 

The survey was carried out in the south-

central Alborz Protected Area in the 

Alborz mountains between latitudes 35° 

2´-36° 11´ N, and longitudes 51° 2´-51° 

35´ E, located in Northern Iran. Karaj 

River is approximately 75 km in length. 

At 42 km, it is confluent with the 

Shahrestanak and Sedic rivers to join 

and reach the Amirkabir dam and 

finally empty into Salt Lake.  

 

Fish samples 

Sampling sites were selected to allow 

for non-overlapping, observance of 

distance from the main river, variation 

of river morphology, altitude, river 

margin quality (Oberdorff et al., 2001). 

Using the method of Whitton (1975) 

and considering variables such as water 

depth, slope, and type of substrate, the 

river was divided into 3 districts, i.e., 

upstream (more than 2000 meters above 

sea level), middle zone (altitude 

between 1700 and 2000 meters), and 

downstream (less than 1700 m). In two 

years (2016 and 2017), 16 sampling 

sites, 60 m in length, were selected 

from 1522 to 2428 m a.s.l. for the 

upstream-downstream gradient. Before 

sampling, each site was outfitted 

upstream and downstream with nets. 

Each sampling site was electrofished at 

the end of the summer during two 

consecutive years, 2016 and 2017. Fish 

specimens were collected from each site 

over 30 min, anesthetized in clove 

powder solution, identified according to 

Coad (2014), counted, photographed, 

and finally placed in slow-moving 

water along the river bank to recover 

and be returned to the river. 

     The elevation (m) and geographic 

coordinates were recorded for each site, 

and the river and sampling sites were 

mapped using ArcGIS 9.3 (Fig. 1). 
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Figure 1: Location of Alborz Province, Karaj River, and sampling site.

  

Habitat data 

Different characteristics have been 

introduced as affecting the distribution 

of species in rivers, including habitat 

structure (Angermeier and Karr, 1983), 

physical, and chemical variables 

(Araújo et al., 2009). Physical variables 

(width, current velocity, Froude 

number, depth and elevation), chemical 

variables (dissolved oxygen (DO), 

water temperature, electrical 

conductivity (EC), pH, turbidity, total 

dissolved solids (TDS), total suspended 

solids (TSS), biological oxygen demand 

(BOD5), chemical oxygen demand 

(COD), phosphate (PO4
3-

), ammonium

(NH4
+
), and nitrate (NO3

-
) 

concentrations) and habitat structure 

indices (substrate, substrate shelter, 

visual cover, combined cover, and pool 

indices) were recorded at each site. The 

substrate was classified according to the 

system of Platts et al. (1983). Substrate 

indices and Froude number were 

calculated according to Jowett and 

Richardson (2008) and Gordon et al. 

(2004), respectively. According to the 

method of Jowett and Richardson 

(2008), the substrate index is based on 

the percentage of eight substrate 

categories that was calculated as 

follows: 

 

The substrate index = 0.08 bedrock + 0.07 boulder + 0.06 cobble + 0.05 gravel + 0.04 

fine gravel + 0.03 sand + 0.02 mud/silt + 0.01 vegetation/woody debris 
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The Froude number for each location 

was calculated by the following 

equation:  

Fr = V/ (g. D)
 0.5 

V is the water column velocity, g, the 

acceleration of gravity, and D, is the 

depth of water. 

Substrate classification was obtained 

according to the classification 

description of Platts et al. (1983). 

Substrate shelter was defined as any 

available space between the substrate of 

the river as refuge for fish. Visual and 

combined cover classification was done 

according to Ayllón et al. (2013). In 

this classification, the coverage is 

divided into two visual cover, including 

elements that provide visual protection 

(such as aquatic vegetation, 

overhanging vegetation and the 

undercut riverbanks), and combined 

cover that, in addition to visual 

protection, provide shelter against high 

current velocity (such as wood debris, 

combination of vegetation and woody 

debris, and under-cascade) 

     The mean depth (cm) of each site 

was estimated by measuring the depth 

at 20 random points. The mean width of 

the river (m) was measured at three 

sections, i.e., upper, middle, and lower 

sections at each sampling site. Surface 

velocity (m/s) was recorded by a 

current meter and elevation with GPS 

(Global Positioning System; Garmin). 

Chemical variables data of the selected 

sites were provided by the Alborz 

Provins Water and Waste Water 

Company. 

 

Data analyses 

ANOVA with Bonferroni post-hoc test 

and PERMANOVA were used for the 

analysis of environmental factors 

variation for each factor and between 

zones. The PERMANOVA was 

performed to evaluate the overall 

environment variables changes. The 

similarity of the three areas, abundance 

percentage variation of each year and 

the average of two years data were 

performed by CLUSTER analysis with 

the SIMPROF test, MDS and Cramér's 

V. BIO-ENV (replicated randomly 

1000 times) and LINKTREE tests 

(Clarke and Warwick, 2001) were used 

to recognize and explain the 

relationship between environmental 

variables with biotic data and to 

understand the most effective 

environmental variables interpreting the 

abundance variation and species 

composition patterns.  

     Selectivity index was estimated 

according to the Guay et al. (2000) 

model. Habitat Suitability Index (HSI) 

was calculated as follows: 

HSI=  

SIV is selectivity index of 

environmental variable that was 

estimated by Habsel software 1.0 

(Jowett, 2019).  

     Variables were evaluated 

statistically significant at p˂0.05. 

Analyses of ANOVA, Cramér's V and 

PERMANOVA were conducted with 

SPSS and PAST, respectively. Habitat 

selection data were analysed using 

Habsel software 1.0 (Jowett, 2019). The 
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rest of analyses were performed in 

PRIMER-E. 

 

Results 

Fluctuations of environmental variables  

The fluctuations of environmental 

variables over two years are presented 

in Table 1. In overall environmental 

variables analysis, substantial variations 

of all three groups of environmental 

variables (habitat structure indices, 

physical, and chemical variables), were 

found between stream sections (Table 

2). 

 

Table 1: Range (Min-Max) and Mean±SD of the environmental variables of sampling sites 

Environmental variables 
Range (Min-Max) Mean±SD 

2016 2017 2016 2107 

Width (m) 4.04-20.78 4.1-21.87 10.32±5.26 10.26±5.23 

Current velocity (ms
-1

) 0.23-0.53 0.24-0.55 0.41±0.09 0.40±0.09 

Froude Number 0.14-0.47 0.14-0.32 0.26±0.09 0.24±0.05 

Depth (cm) 12.96-44.4 18.29-46.13 27.34±8.80 29. 14±8.52 

Elevation (m) 1522-2428 1522-2428 1973.06±297.91 1973.06±297.91 

DO (mg/L) 8.11-9.23 7.78-9.02 8.60±0.32 8.3±0.31 

Water temperature (°C) 8.5-14.3 8.6-15.3 11.24±1.93 11.36±2.32 

EC (μs/cm) 294-442 277-416 328.37±51.89 330.43±52.43 

pH 8.01-8.65 8.33-9.1 8.27±0.14 8.53±0.18 

Turbidity (NTU) 4-14 3-4 8.62±2.30 3.21±0.36 

TDS (mg/L) 189-285 180-270 212.25±28.44 219.25±33.01 

TSS (mg/L) 1-5 2-4.5 2.78±1.18 3.09±0.63 

BOD5 (mg/L) 0.8-1.4 2.3-2.9 1.11±0.17 2.76±0.19 

COD (mg/L) 12-17 13-19 14.12±1.5 16.18±1.83 

PO4
3-

(ppm) 3.20-4.20 0.05-0.5 3.66±0.28 0.13 ±0.14 

NH4
+
(mg/L) 0.02-0.6 0.02-0.55 0.11±0.18 0.10±0.15 

NO3
- 
(mg/L) 0.7-4.9 0.8-3.5 2.17±1.41 2.00±1.10 

Substrate index 4.47-6.64 4.9-6.61 5.66±0.63 5.80±0.55 

Substrate shelter 0.05-0.12 0.10-0.16 0.08±0.01 0.12±0.01 

Visual cover 0.01-0.11 0.01-0.08 0.05±0.02 0.04±0.02 

Combined cover 0-0.01 0-0.01 0.004±0.005 0.003±0.005 

Pool 0-0.07 0-0.05 0.02±0.02 0.01±0.01 

 

Table 2: Zone differences in Karaj River based on environmental variable groups based on 

PERMANOVA. 

Environmental variable group Zones  Upstream Middle zone 

Habitat structure indices 

Middle zone 
F 36.19  

p 0.0024  

Downstream 
F 4.135 7.45 

p 0.0535 0.0139 

Physical variable 

Middle zone 
F 9.529  

p 0.012  

Downstream 
F 54.15 41.19 

p 0.0015 0.0291 

Chemical variable 

Middle zone 
F 11.18  

p 0.2493  

Downstream 
F 17.4 0.8066 

p 0.0022 0.2871 
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 In terms of physical factors, this 

difference was evident among the three 

regions. This difference was only 

related to elevation (F(2,29)=60.299, 

p<0.0005) and depth (F(2, 29)=4.824, 

p<0.016), which with excluding the two 

last variables the difference in physical 

factors will not be significant. 

Regarding the chemical factors, 

upstream has significant difference with 

two other areas, and this difference was 

more due to water temperature (F(2, 

29)=6.796, p<0.004), COD (F(2, 

29)=7.494, p<0.002), NH4
+
 (F(2, 

29)=10.876, p<0.0005) and NO3
-
 (F(2, 

29)=41.498, p<0.0005) variables. The 

middle part of the river differed from 

the upstream and downstream, in terms 

of habitat structure indices. This 

difference was due to the variable 

substrate index (F(2, 29)=19.878, 

p<0.0005). Interestingly, despite 

significant differences in the air 

temperature between the upstream and 

downstream of the river (F(2,29)=4.515, 

p=0.032), there was no significant

difference between water temperature 

of the two zones (F(2, 29)=1.722, 

p=0.196). 

 

Distribution pattern of species and 

abundance  

The 366 captured fish belonged to five 

species, two species of Cyprinidae 

(Alburnus atropatenae and Barbus 

lacerta), two of Nemacheilidae 

(Oxynoemacheilus bergianus and 

Paracobitis malapterura) and one 

species of Salmonidae (Salmo trutta). S. 

trutta with 208 individuals was 

dominant (Table 3). The number of fish 

species in each site differed from zero 

to four species, and fish abundance 

changed from 0 to 48 fish in 2016 and 

from 0 to 40 fish in 2017. The highest 

species richness and fish abundance 

were found at sites 10, 12 in 2016 and 

2017 respectively (Table 4). No 

specimens were captured in three 

locations (sites 9, 11, and 14) in both 

years. 

 

Table 3: Range, mean, and standard deviation of standard length of fish species in Karaj River. 

Species 2016 2017 

n Range (mm) Mean (mm)±SD n Range (mm) Mean (mm)±SD 

S. trutta 97 58-274 153.48±52.59 111 51-223 99.43±16.01 

A. atropatenae 60 120-157 135.15±7.15 46 95-146 131.55±10.01 

O. bergianus 34 56-135 95.5±55.86 5 55-94 73.25±16.72 

P. malapterura 1 140 140 3 43-78 58.37±10.02 

B. lacerta 1 122 122 8 120-135 127.87±5.41 
 

Table 4: Abundance percentage of fish species in Karaj River zones. 

 

 

2016 2017 

U M D 
Cramer's 

V 
p< U M D 

Cramer's 

V 
p< 

S. trutta 49.5 0.5 2.0 

0.7 0.0005 

58.5 1.2 3.7 

0.689 0.0005 

A. atropatenae  29.8   27.5  

O. bergianus  17.2   2.4  

P. malapterura  0.5   1.8  

B. lacerta  0.5   4.9  

  U=Upstream: > 2000m; M=Middle zone: 1700-2000m; D=Downstream: <1700m 
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Although there is a significant 

difference in the abundance of fish in 

the three river sections in each year, the 

CLUSTER analysis group with 

SIMPEROF test shows two upstream-

downstream and middle zone groups in 

both years (Fig. 2). This clustering is 

also confirmed by the MDS analysis 

(Fig. 3). 

 

 

 
 

Figure 2: The similarity of sites and zones in Karaj River (The red dash and the black lines 

indicate that there is no significant and significant difference between sites/zones based 

on the SIMPROF test, respectively. In order to compare the variations of two years, the 

results of each year are presented separately). 

 

 

 
Figure 3: MDS ordination plots of fish species communities in Karaj River. 

 

Impact of environmental factors on 

species composition and abundance 

pattern 

According to the results of BIO-ENV 

test, all three groups of environmental 

variables (habitat structure indices, 

physical, and chemical) were important 

in determining the pattern of species 

composition and abundance of fish in 

the Karaj protected River (ρ=0.856, 

p=0.01) (Table 5). Of course, this does 

not mean that all variables in the above 
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groups played a primary role in the 

formation of the species composition 

and abundance pattern. The elevation 

(mean±SD= 1973.06±297.91) and 

depth (mean±SD= 27.34±8.66) of the 

physical variables, temperature 

(mean±SD= 11.3±2.125), EC 

(mean±SD= 329.4±52.16), turbidity 

(mean ± SD = 5.915 ± 1.33), BOD5 

(mean±SD = 1.935±0.18), COD 

(mean±SD= 15.15±1.665), PO4
3- 

(mean±SD= 1.895±0.21), NH4
+

(mean±SD= 0.105±0.165), NO3
-
 

(mean±SD= 2.085±1.255) of chemical 

variables and substrate index of habitat 

structure indices more affected in the 

obtained pattern than the others. Among 

the expressed variables, according to 

LINKTREE analysis, the chemical 

variables PO4
3-

, NH4
+
, COD, and NO3

-
 

and substrate index (π=6.18, p=0.018) 

had a more significant effect on the 

upstream and downstream separation 

from the middle zone (Table 6). 
 

 

Table 5: Harmonic rank correlations (pw) between fish species abundance and environmental 

similarity matrices. 

Number of 

variables 
Best variable combinations 

Correlation 

(pw) 

8 Depth, Elevation, Temperature, Turbidity, BOD5, COD, PO4
3-

, NH4
+
 0.856 

9 
Depth, Elevation, Temperature, Turbidity, BOD5, COD, PO4

3-
, NH4

+
, 

Substrate index 0.854 

9 
Depth, Elevation Temperature, Turbidity, BOD5, COD, PO4

3-
, NH4

+
, 

Substrate index 0.853 

11 
Elevation, Temperature, EC, Turbidity, TDS, BOD5, COD, PO4

3-
, NH4

+
, 

NO3
-
, Substrate Index 0.852 

8 
Elevation, Temperature, Turbidity, BOD5, COD, PO4

3-
, NH4

+
, Substrate 

index 0.851 

9 
Depth, Elevation, EC, Turbidity, BOD5, COD, PO4

3-
, NH4

+
, Substrate 

index 0.850 

 

 

Table 6: LINKTREE analysis of fish species abundance in Karaj River. 

 

Habitat preference 

Due to the presence of brown trout in 

all three areas, only the habitat 

preference of this species was 

evaluated. As can be seen in Figure 4, 

the pattern of habitat selection in the 

three zones is completely different over 

the two years. In most models, the 

changes of determinant ranges in the 

middle zone are more limited than two 

others in the two years. Comparison of 

the HSI between 2016 and 2017 

(HSI=0.61 in both years) also revealed 

slight changes in the range of 

determinants in the middle zone (Table 

7). 

Node/station split Variable LHS (RHS) split π p R B (%) 

A 

PO4
3-

 

or NH4
+
 

or COD 

or Substrate index 

or NO3
-
 

>2.25(≤0.288) 

or >1.75(≤0.226) 

or ≤1.61(≥0.613) 

or ≤1.12(≥0.838) 

or >1.54(<1.27) 

6.18 0.018 96 98.4 
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Figure 4: The changes of determinant ranges in three zones of Karaj River in 2016 and 2017, 

SI=selectivity index, dotted line=upstream, dashed line=midstream, solid line= 

downstream.  

 

Table 7: Habitat suitability index for Salmo 

trutta in three zones of Karaj River 

in 2016 and 2017. 

 Upstream Midstream Downstream 

 2016 2017 2016 2017 2016 2017 

HSI 0.65 0.75 0.61 0.61 0.62 0.73 

 

Discussion 

Although sufficient information on 

species distribution by the effect of 

environmental factors along river 

gradients is available, a consequence of 

these factors on habitat selection pattern 

and the impact of protected areas and 

dam construction on a regular pattern 

require further studies. This study 

represents a new pattern of change in 

species richness and fish composition 

with elevation gradient, affected by 

human activities (like dam as a 

fragmentation of fish habitats and water 

pollution) on fish habitat selection.  

       Rivers are fluctuating environments 

and are periodically exposed to extreme 

and unpredictable changes in physical 

and chemical attributes. Such instability 

has been shown to impact the richness 

and structure of river fish (Carrel and 

Rivier, 1996). Decreasing elevation, 

increasing flow gradient (Brown, 2000; 

Quist et al., 2004; Brunger-Lipsey et 

al., 2005), temperature, turbidity, and 

pollution will be associated with reduce 

velocity, turbulent, and oxygen 

(Jacobsen 2008). In the mountains, 

changes in the variables due to the 

altitudinal gradient occur very rapidly 

(Jacobsen, 2008). High fluctuating and 

rapid alteration of environmental 

variables along altitudinal gradients in 
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Karaj River have been resulted in the 

accurate characterization of the study 

area into three distinct zones (upstream, 

midstream, and downstream). 

     Diverse characteristics of the above 

three zones cause different distributions 

of fish species along the river 

(Angermeier and Winston, 1999; 

Brunger-Lipsey et al., 2005; Quist et 

al., 2004). This distribution is achieved 

by replacing species, which indicate 

changes in biological conditions, or 

adding them downstream (Rahel and 

Hubert, 1991; Brunger-Lipsey et al., 

2005). Physical variables and habitat 

structure (Ferreira and Casatti, 2006; 

Súarez and Petrere-Júnior, 2007; 

Valério et al., 2007) or their interaction 

of environmental factors (Jackson et al., 

2001) play an essential role in fish 

distribution along the gradient. 

     In most studies of fish distribution, 

chemical variables are ignored; 

however, chemical variables (especially 

BOD5, COD, PO4
3-

, and NH4
+
) can 

alter our understanding of conventional 

patterns shaped by habitat structure and 

physical variables. For example, A 

study conducted by Negi and Mamgain 

(2013) showed that fish distribution has 

positive correlations with dissolved 

oxygen (DO), and pH.  

Some studies showed that the 

determinants of habitat selection by fish 

were usually physical factors and 

habitat structure (Tabatabai et al., 2014; 

Verdipour et al., 2016; Zamani et al., 

2014); while the analyses in this study 

demonstrated that chemical factors 

prevail over physical factors and habitat 

structure in explaining the presence of 

the mentioned species. This has been 

clarified in a few internal studies. For 

example, Moradi et al. (2015), by 

studying the factors affecting the 

presence of Alburnus mossulensis in 

Gamasiab River (Hamadan Province) 

revealed that the chemical variables 

including electrical conductivity, total 

phosphorus, nitrite, bicarbonate, and 

water temperature affect the distribution 

of this species. Typically, in rivers 

where the rate of encroachment and 

pollution is high and chemical factors 

are considered in the analysis, these 

variables can be a good explanation for 

the presence of species. 

     In the present study, except S. trutta, 

which is seen in all three zones, other 

species are only present in the middle 

zone. Many factors can play roles in 

creating this pattern. The middle zone is 

distinct from downstream and upstream 

due to habitat structure index. 

Considering the similarity of the 

characteristics of habitat structure at 

least in the end-regions of upstream and 

beginning-regions of downstream 

Rivers, and the correlation between the 

presence of species and chemical 

variables, the presence of all species in 

the middle zone, in addition to physical 

variables such as elevation and depth, is 

likely to be influenced more by 

chemical factors. Of course, it should 

be considered that the interaction of 

habitat structure and physical-chemical 

variables determine the presence of 

species, because the relationship of 

these variables is highly interdependent 

and the smallest change in 

environmental conditions or even 
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anthropogenic inputs can alter physical 

and chemical attributes and ultimately 

directly change fish fauna along the 

river (Araújo and Tejerina-Garro, 

2009). 

     Also, the entry of tributaries in the 

middle zone of the river changes 

volume, width, depth, current velocity, 

substrate composition, and ecological 

niche, which determines fish species 

diversity (Tejerina-Garro et al., 2005) 

and this is well illustrated on site six. 

Increasing the volume and depth of 

water in this area, on the one hand, has 

led to occupation of various layers by 

fish that can feed on diverse layers; on 

the other hand, the enlarged ecological 

niche without significant changes in 

habitat conditions, justifies the presence 

of all species in the middle zone (Rahel 

and Hubert, 1991). In spite of the 

presence of trout in middle zone, that 

affect the simplification of fish species, 

species composition, as well as 

community structure and have a 

negative impact on the length and 

biomass distribution of other fish 

populations (Han et al., 2016), it seems 

that the greater availability of 

ecological niche in the middle zone, 

lead to the fish fauna in the river is 

evident in this zone. Despite the 

favourable ecological conditions in the 

middle zone, the limited ecological 

selection range for brown trout in two 

years was probably due to the effect of 

species composition and density (Beier, 

2013), as two important factors in 

intensifying interspecific competition 

on habitat selection. Interactions 

between species reduce the available 

habitat and thus the range of choices. 

     Due to the proximity of HSI in the 

three regions for Brown trout (at least in 

2016) and the low abundance of this 

species in the midstream, it seems that 

competition has acted as an important 

factor. It is worth noting that the 

favourable ecological conditions 

(increased HSI in 2017, at least at the 

up and downstream due to more rainfall 

and increased habitat structure index) 

have led to an increase in the fecundity 

or survival rate of this species. The 

increase in the relative abundance of 

this species, despite the decrease in the 

total catch and the average length of 

Brown trout in 2017 compared to 2016, 

is a testament to this claim.  

     Brown trout lives in areas with high 

dissolved oxygen and cold water, which 

is similar to the conventional patterns of 

fish distribution along with increasing 

altitude resulting in presence of trout 

and absence of other species. The lack 

of other fish species in the upstream 

zone can be ascribed to decrease 

availability to areas of environmental 

complexity, higher intensity of climate 

situation, reduced in access to varied 

resources, and decline in primary 

production with increasing altitude 

(Huston, 1994). Also, the upstream 

zone is extremely variable while the 

downstream environmental position, if 

not anthropogenically influenced, is 

commonly more stable (Ostrand and 

Wilde, 2002). The presence of trout in 

the upstream zone can be due to its 

ability to overcome these conditions 

(Agostinho et al., 2004). The high mean 

HSI during the two years in the 
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upstream region indicates that 

conditions for this species are 

favourable. 

     Welcomme (1985) showed species 

richness and abundance increased from 

upstream to downstream. Current study 

reveals that species richness and 

abundance increased in the middle 

zone, but in the downstream (sites 14, 

15 and 16) was negatively correlated 

with them. Suarez et al. (2011) found 

that the pattern is not linear and 

dependent with alteration in size, depth 

and width of the stream.  The influence 

of recent variables on the distribution 

pattern of Karaj river fishes is evident. 

The increase in the depth and width of 

the river (due to increased rainfall in 

2017) has led to the upgrading of HSI 

for trout in this year, which has 

ultimately led to an increase in Brown 

trout abundance. Increasing the HSI 

along the river can change the range 

and pattern of distribution. Nautiyal 

(2001) showed that altitudinal and 

longitudinal zonation of any particular 

river system may affect this pattern. A 

noteworthy point in this distribution 

pattern, is the presence of upstream fish 

in downstream (after the dam), which 

can be due to either low water 

temperature at the outlet of the dam, 

that has created an environment 

relatively similar to upstream, or the 

hypothesis that species occupying the 

mountainous habitats has highly skilled 

which enables them to prevent the 

occupation of these areas by other 

species, in particular species that have 

the same habitat preferences. The 

proximity of the HSI for the Brown 

trout in the up and downstream in both 

years, could indicate the effect of the 

dam on optimizing the determinants for 

this species in downstream. Also, the 

lower region of the dam possesses 

homogeneous and simple habitats 

(Agostinho et al., 2004). This could 

lead to a rapid decrease in the 

abundance of the carp family (Maolin et 

al., 2015) and other families because it 

is difficult for other species to 

accompany trout (Han et al., 2016). In 

this part of the river, the lack of 

interspecies competition seems to have 

made these alternative habitats more 

accessible (Beier, 2013).  

     The effect of altitude reduction on 

trout abundance, as well as species 

composition in the middle and upstream 

zones, adheres to conventional patterns. 

The abundance of trout in the upstream 

zone is apparently due to high-

dominance species to modify the 

population for access to limited 

resources (Matthews, 1998). Moreover, 

the dominance of trout is a function of 

changing habitat structure and physical 

variables, especially chemical ones 

(Araújo and Tejerina-Garro, 2009) that 

have provided a better habitat than the 

other two zones.  

     In the downstream zone, contrary to 

the expectation, an increase in trout and 

other species was not observed (at least 

during this study). Isolated zones lead 

to low species richness and dominance 

of a few species (Hoagstrom et al., 

2007). The impact of these changes on 

increasing HSI for brown trout is well 

visible in downstream. 
     It should be noted that, despite 
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having a similar status to other branches 

with appropriate ecological conditions 

in some of the tributaries, no fish were 

captured. This could be due to flooding 

in recent years (site 14) and illegal 

fishing (sites 9 and 11). Abdoli (2016) 

findings on non-fishing in some 

branches in Karaj River confirm the 

same result.  

     Many protected areas are minimally 

effective in protecting fish species due 

to their small geographic size, being 

fragmented from the sub-branch, or due 

to their location in mountainous regions 

(Rodríguez-Olarte et al., 2011). 

However, effective management of 

protected areas can be useful in 

maintaining the richness, composition, 

and abundance of freshwater fishes at 

least for the short-term. The results of 

this study in the protected area are 

expected to have a significant impact on 

the conservation of fish. Sites 9 and 11, 

despite being in the protected area, are 

less to be taken care of by rangers due 

to difficult access to the area. Local 

research has shown the presence of 

brown trout in those sites in recent 

years. 

     In summary, ecological factor 

change and human impact are two 

external factors that influence fish 

diversity (Buisson and Grenouillet, 

2009; Hariri et al., 2018) and habitat 

selection patterns along altitudinal 

gradients. Ecological changes directly 

alter species composition, diversity 

indices, and habitat selection. Also, 

human disturbance, including dam 

construction, can lead to extinction or at 

least by changing one of the 

determinants, modify routine 

distribution and habitat selection of fish 

patterns along altitudinal gradients. 

Conservation of natural patterns of 

distribution and habitat selection of fish 

requires conservation of the main and 

secondary branches of the rivers 

(Hubbell, 2001), especially in the 

middle zone of Karaj River (Hariri et 

al., 2018), and several water quality 

factors must be monitored regularly to 

preserve the aquatic habitat desirable 

for fish life (Shrestha et al., 2009). 

Although river protection may have a 

limited effect on the conservation of 

fish species (Rodríguez-Olarte et al. 

2011) and its alternative habitats 

available, it appears to be at least 

effective in the short term. 

Conservation activities in Iran have 

focused on mammals and birds but 

rarely carried out on fish. Studying the 

patterns of river zonation may help the 

river conservation (Abdoli et al., 2014).  

In conclusion, results indicate species 

have different responses to habitat 

structure, physical and chemical 

variables; however, elevation gradients 

in particular can change the fish 

distribution pattern. Species inhabiting 

upstream river are more sensitive to 

basin unit, while species inhabiting 

middle zone and downstream regions 

are relative to local variables. Chemical 

variables are mostly underestimated in 

studies while they can help to have a 

better understanding of the 

conventional patterns shaped by the 

habitat structure and physical variables. 

Amirkabir Dam as a geographical 

barrier can affect the conventional 
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patterns in downstream. The dam with 

impact on the determinants for Brown 

trout in downstream, has provided a 

favourable habitat for this species 

(increased HSI) compared to the 

midstream. Therefore, unlike the 

conventional pattern, more trout are 

seen in downstream than in the 

midstream. There was no reliable data 

on spatial and temporal distribution of 

the fish and their relationship with 

variables in the Karaj River, this study 

initiates providing information in this 

regard that might be useful for 

management and conservation. 
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