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Abstract 

This study examines the relationship between morphological traits related to body size and fin 

morphology and the environment in snow trout, Schizothorax richardsonii, a widespread species from 

the upper Ganga river basin, India. Three body shape traits (index of compression, index of trunk 

shape and relative body depth) and three fin traits (dorsal fin relative area, pectoral fin relative area 

and pectoral fin aspect ratio) were related to five environmental variables (water temperature, water 

flow, depth, conductivity and substrate diversity) across eight study streams. Water temperature, 

conductivity and substrate diversity were highly variable across the sampled sites. There was a 

significant negative correlation (r = -0.676) between composite morphological traits (principal 

components) related to body size and fin morphology. Furthermore, both body size and fin 

morphology were strongly correlated (r = 0.861 and r = -0.845 respectively) with composite 

environmental variables (water temperature, conductivity and substrate diversity) across sites. These 

findings suggest that the morphological traits of fish populations residing across environmental 

gradients are adapted to different habitats. 
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Introduction 

Fishes inhabiting small and stable streams are 

often habitat specialists that have evolved 

various morphological and behavioral 

adaptations to exploit these specific habitat 

types (Gorman & Karr, 1978; Wood & Bain, 

1995). Stream ecosystems are generally 

characterized   by  various   geomorphological  

 

conditions such as channel slope and bed 

morphology that can profoundly influence the 

characteristics of resident fishes (Hubbs, 1941). 

In addition to these geomorphological 

conditions, environmental parameters such as 

water velocity, depth, substrate diversity and 

water temperature also influence the structural 
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and functional morphology of fishes (Mahon, 

1984). Such environmentally driven 

morphological changes in an organism are 

called ecomorphological traits, and 

understanding the influence an organism’s 

ecology on its phenotype is known as 

ecomorphology (Ricklefs & Cox, 1977). 

Understanding the morphological adaptations 

of fishes inhabiting broad environmental 

gradients can be a useful method for 

unravelling complex interactions between the 

environment and morphology. This approach 

also provides a better understanding of a 

species’ habitat preferences and potential 

conservation significance.  

 

Streams originating from the Himalayas are 

unique by virtue of their high altitude, fast-

flowing waters, heterogeneous substrate and 

low water temperatures due to snow melt 

and/or glacier fed water. A number of studies 

suggest that many morphological traits in fishes 

are influenced by the physico-chemical 

environment where they live (e.g. Balon et al., 

1986; Bourke et al., 1997; Chan, 2001; Gatz, 

1979; Langerhans et al., 2003; Mahon, 1984; 

Motta et al., 1995; Watson & Balon, 1984; 

Wikramanayake, 1990; Wood & Bain, 1995). 

Body shape and fin size, in particular, are two 

important morphological characters that vary 

greatly in lentic vs. lotic habitats. Fishes living 

in swift flowing habitats generally have a 

cylindrical body with a small surface area to 

body volume ratio and stiff, short fins, while 

fishes in lentic habitat generally have a deep, 

laterally compressed body with large fins. 

(Aleev, 1969; Douglas & Matthews, 1992; 

Gatz, 1979). Very little research has been 

conducted on stream fishes in India, and studies 

exploring intraspecific variation in fish 

morphology in relation to environmental 

variables have never been explored in 

Himalayan waters. Thus, the present study aims 

to examine the ecomorphological traits of snow 

trout, Schizothorax richardsonii, a common 

stream fish in the Himalayas across diverse 

environmental gradients. To achieve this goal, 

we quantified a set of environmental variables 

(water temperature, depth, flow, substrate 

diversity and conductivity) to determine 

whether these variables influence body and fin 

morphology in snow trout. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Location of the eight study sites in the upper Ganga River basin, India. 
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Materials and Methods 

Study Area (Fig. 1): Fish and environmental 

variables were collected from eight streams 

covering the Alaknanda and Bhagirathi basins 

of the upper Ganga River. These basins are 

located in the hilly north-western part of 

Uttarakhand. The basins cover a total 

catchment area of 19,600 km
2
 up to Devprayag. 

Both basins are characterized by rugged river 

drainages, with deep, steep river valleys 

separated by linear narrow ridges. The slopes of 

these river valleys are quite unstable in certain 

regions. Many snow-fed streams originate from 

altitudes of 4016 to 3900 m in the Gharhwal 

Himalayas of Uttarakhand state (Asha et al., 

2012). Fish specimens and environmental data 

for this study were initially collected from four 

sites (Bhirai, Pindar, Bhagwan and Nayar; Fig. 

1) in the Alaknanda river between May and 

June 2011. Fish specimens from an additional 

four sites (Kali, Madhmaheshwar, Asiganga 

and Bhilangana) as well as all environmental 

data were collected between May and June 

2012 (Table 1). Sites were selected to 

maximize variation in different environmental 

variables. Schizothorax richardsonii is not 

known to occur above 1600 m mean sea level 

in these river basins (Asha et al., 2012). 

 

 
Table 1: Summary of general features of study streams in upper Ganga river basin, India. 

Stream Name 

Latitude/ 

Longitude 

coordinates 

Alt. 

(m) 

Water 

temp. 

(ºC) 

Flow 

(m/Sec) 

Depth 

(cm) 

Conduct

ivity 

(mS/m) 

Substrate 

types 

(%) 

Kali 
30.3329 N 

79.0458 E 
1245 

14.5 

±0.07 

0.68 

±0.119 

45 

±15.2 

0.025 

±0.001 

bedrock, 65; 

boulders, 25; 

cobbles, 5;  

gravels, 5. 

Madhmaheshwar 
30.3232 N 

79.0618 E 
1140 

15.2 

±0.07 

0.53 

±0.173 

52 

±13.2 

0.022 

±0.001 

bedrock, 60; 

boulders, 20; 

cobbles, 10;  

gravels, 5;  

sand, 5. 

Bhirai 
30.2411 N 

79.2247 E 
1030 

16.5 

±0.07 

0.25 

±0.069 

34.5 

±14 

0.036 

±0.001 

bedrock, 40; 

boulders, 30; 

cobbles, 10;  

gravels, 10;  

sand, 10. 

Bhilangana 
30.2842 N 

78.4223 E 
1151 

18 

±0.07 

0.185 

±0.05 

68 

±10 

0.17 

±0.006 

bedrock, 50; 

boulders, 30; 

cobbles, 10;  

sand, 10. 

Asiganga 
30.4551 N 

78.2806 E 
1262 

16.8 

±0.06 

0.46 

±0.1 

56.5 

±11 

0.125 

±0.001 

bedrock, 60; 

boulders, 20;  

sand, 20. 

Pindar 
30.1321 N 

79.1517 E 
811 

18.5 

±0.06 

0.16 

±0.06 

75 

±16 

0.16 

±0.003 

bedrock, 20; 

boulders, 25; 

cobbles, 15;  

gravels, 10;  

sand, 25;  

leaf litter, 5. 

Bhagwan 
30.0180 N 

78.3525 E 
780 

21 

±0.33 

0.135 

±0.02 

42 

±15 

0.22 

±0.008 

bedrock, 10; 

boulders, 25; 

cobbles, 30;  

gravels, 15;  

sand, 20. 

Nayar 
29.5959 N 

78.4841 E 
701 

22.5 

±0.07 

0.12 

±0.03 

86 

±14 

0.18 

±0.001 

bedrock, 5; 

boulders, 15; 

cobbles, 25;  

gravels, 20;  

sand, 25;  

leaf litter, 10. 
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Fish and Environmental data collection: The 

cyprinid Schizothorax richardsonii (snow trout) 

was selected for this study as it is the most 

abundant and widely distributed species in the 

streams/ rivers of the Himalayas (Talwar & 

Jhingran, 1991). This species does not vary 

morphologically throughout life history stages, 

and is therefore an excellent candidate species 

to study the influence of environmental 

variables on morphology (Fig. 2). Fish were 

collected using monofilament gill nets and cast 

nets. Gill nets were set up across the stream 

width for one hour and cast nets were operated 

simultaneously along the habitat (Johnson & 

Arunachalam, 2009).  Fish were then fixed in 

buffered formalin (10%) and the specimens 

were transferred to the laboratory for 

morphometric analysis. At each site, a 50 m 

long section of the stream was selected and 2 X 

2m grids were used to record water depth, 

velocity, water temperature and conductivity at 

2m intervals. Water temperature (precision: ± 

0.1ºC) and conductivity (precision: ± 1% of 

reading ± 0.01 mS/m) were recorded using a 

Hydrolab water quality monitoring system 

(Model: Quanta). Percentage composition of 

different substrate types (bedrock, boulders, 

cobbles, gravels sand or leaf litters) within each 

quadrat was visually scored. Depth was 

measured with a graduated 2m steel rod 

(precision: 1cm) and water velocity was 

measured using a pigmy water flow meter with 

a velocity logger (propeller type: model no. 

11250, precision: 0.01m/sec). We also recorded 

GPS co-ordinates and altitude at each site.  

 

Ecomorphological studies: In the laboratory, 

we measured six ecomorphological attributes 

(three body morphological traits and three fin 

attributes): (1) Index of compression (IC) was 

calculated from a body depth measurement 

taken at the dorsal fin origin divided by the 

maximum body width along the lateral side just 

below the dorsal fin origin (Gatz, 1979); (2) 

Relative body depth (RBD) was defined as the 

body depth measurement near the dorsal fin 

divided by fish standard length (Gatz, 1979); 

(3) Index of trunk shape (ITS) was measured as 

the perpendicular distance from the tip of the 

snout to the horizontal point of maximum body 

depth divided by the standard length (Gatz, 

1979); (4) Relative surface area of the pectoral 

fin (RAPF): was calculated as the pectoral fin 

area divided by fish total body area. Relative 

pectoral fin surface area was measured as the 

ratio of the areas of these drawings (Gatz, 

1979); (5) Relative surface area of the dorsal 

fin (RADF) was measured as the dorsal fin area 

divided by the body area (Gosline, 1971); (6) 

Pectoral fin aspect ratio (PFAR) was calculated 

as the maximum length of the pectoral fin 

(leading edge) divided by its maximum width 

(Gatz, 1979). Leading edge is the distance from 

the base of the pectoral fin to the extreme tip of 

the fin at its longest point (Binning & Fulton, 

2011, Gatz, 1979; Wainwright et al., 2002). 

The pectoral and dorsal fins were removed 

from the fish, placed fully extended on paper 

and their outlines traced. Similarly, the outlines 

of entire lateral side of fish body were traced on 

paper.  Distances and areas were estimated 

from the tracings (Gatz, 1979; Mahon, 1984). 

 

With the exception of substrate diversity, all 

environmental data were log10 transformed to 

improve normality and linearize the data. 

Percentage composition of different substrate 

categories at each site were converted into a 

substrate diversity index (H’/Hmax) as 

described by Pusey et al. (1993). All 

environmental data were used in a principal 

component analysis (PCA) to generate 

composite environmental variables. PCA was 

also used to calculate two composite  

morphological variables: one composed of 

body size variables and the other composed of 

fin variables. Pearson’s correlation was used to 

evaluate the relationship between composite 

body size and fin shape variables. Pearson’s 

correlation was also used to evaluate the 

relationship between estimated means for each 

group of attributes from each population (n = 8) 

generated from morphological and 

environmental PCA variables following 

Binning et al. (2010). All statistical analyses 

were performed in SPSS (ver. 15). 

 

Results 

Environmental variables 

Environmental variables differed across sites 

(Table 1). The high altitude streams, Kali and 

Madhmaheshwar, had relatively low water 

temperatures and conductivity and high water 

velocity. Low altitude streams, Nayar and 

Bhagwan, experience low water flow and 

slightly elevated temperatures and conductivity 

relative to the high altitude streams. PCA on 

environmental variables generated two axes 

with eigenvalues 3.64 and 0.77 respectively, 

which together explained 88.2% of the 
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variance. PC1 was strongly related to water 

temperature (loading = 0.96), conductivity 

(loading = 0.93) and substrate heterogeneity 

(loading = 0.82), whereas PC2 was only 

strongly related to depth (loading = 0.79). 

 

Morphological data 

A total of 88 individuals of Schizothorax 

richardsonii collected from eight streams in the 

upper Ganga river basin were examined for 

body size and fin morphology (Table 2). Fish 

from the Nayar stream had a relatively high 

index of compression (mean 1.38) compared to 

other populations. As for the fin attributes 

measured, fish from the Kali stream had 

slightly higher relative dorsal and pectoral fin 

areas (mean 0.17 and 0.13 respectively), 

whereas the pectoral fin aspect ratio was higher 

for populations from Pindar and Nayar streams 

(mean 1.31 and 1.30 respectively). PCA on 

three body size measurements produced two 

principal components with eigenvalues 1.21 

and 1.07 respectively that together explained 

76.05% of the variance (Table 3). PC1 was 

strongly related to high index of compression 

(loading = 0.78) and index of trunk shape 

(loading = 0.77). PC2 was strongly related to 

relative body depth (loading = 0.92). Similarly, 

two principal components were extracted from 

the three fin traits. PC1 had an eigenvalue of 

1.7 explaining 56.95% of the variance, whereas 

PC2 had an eigenvalue of 0.91 explaining 

30.36% of the variance. PC 1 was positively 

related to the relative dorsal fin area (loading = 

0.88) and relative area of the pectoral fin 

(loading = 0.85), whereas PC 2 was positively 

related to pectoral fin aspect ratio (loading = 

0.889). Pearson correlation revealed a 

significant negative relationship (r = -0.676; p 

> 0.01, n = 88 fish) between the first PC body 

morphology and PC1 for fin traits (Fig. 3).

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Lateral view of the Himalayan snow trout Schizothorax richardsonii 

 

 

Table 2: Means (±SD) of the body and fin measures calculated for Schizothorax richardsonii from eight 

different streams in the upper Ganga River basin, India (IC, index of compression; ITS, index of trunk shape; 

RBD, relative body depth; RDFA, relative surface area of the dorsal fin; RAPF, relative surface area of the 

pectoral fin; PFAR, pectoral fin aspect ratio). 
 

Character 
Kali 

(n=12) 

Madhmaheshwar 

(n=8) 

Bhirai 

(n=8) 

Bhilangana 

(n=10) 

Asiganga 

(n=12) 

Pindar 

(n=8) 

Bhagwan 

(n=5) 

Nayar 

(n=25) 

IC 
1.25 

±0.05 

1.25 

±0.03 

1.23 

±0.02 

1.24 

±0.06 

1.32 

±0.06 

1.23 

±0.02 

1.27 

±0.04 

1.38 

±0.1 

ITS 
0.43 

±0.01 

0.44 

±0.01 

0.51 

±0.01 

0.47 

±0.03 

0.49 

±0.02 

0.53 

±0.03 

0.52 

±0.01 

0.52 

±0.02 

RBD 
0.22 

±0.01 

0.23 

±0.01 

0.21 

±0.01 

0.26 

±0.01 

0.25 

±0.01 

0.21 

±0.02 

0.23 

±0.02 

0.22 

±0.02 

RDFA 
0.17 

±0.02 

0.15 

±0.02 

0.12 

±0.02 

0.15 

±0.01 

0.14 

±0.01 

0.13 

±0.01 

0.15 

±0.01 

0.13 

±0.02 

RAPF 
0.13 

±0.01 

0.11 

±0.12 

0.10 

±0.01 

0.10 

±0.01 

0.09 

±0.01 

0.10 

±0.01 

0.10 

±0.00 

0.08 

±0.01 

PFAR 
1.26 

±0.09 

0.12 

±0.01 

1.20 

±0.08 

1.28 

±0.01 

1.24 

±0.09 

1.31 

±0.06 

1.25 

±0.06 

1.30 

±0.09 
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Morphology and environmental variables 
Pearson correlation analysis revealed a very 

strong positive relationship between 

environment PC1 (water temperature, substrate 

diversity and conductivity) and body PC1 

(Dorsal and pectoral fin area; r = 0.861; p = 

0.002) and a significant negative relationship 

between environment PC1 and fin PC1 

(pectoral fin aspect ratio; r = -0.845; p = 0.004). 

There was no relationship observed between 

environment PC2 and either body or fin PC 

scores (Table 4). 

 

Table 4: Pearson correlation coefficient between 

PCs of morphological variations and environmental 

variables. 
 

Environment 
Body & fin 

attributes 
r p 

Envir PC1 

Body PC1 0.861 0.002 

Body PC2 -0.122 0.386 

Fin PC1 -0.845 0.004 

Fin PC2 0.230 0.291 

Envir PC2 

Body PC1 -0.229 0.292 

Body PC2 0.539 0.083 

Fin PC1 0.106 0.4 

Fin PC2 0.276 0.253 

 

Table 3: Principal component scores and component matrix for environmental, body and fin measurements (IC, 

index of compression; ITS, index of trunk shape; RBD, relative body depth; RDFA, relative surface area of the 

dorsal fin; RAPF, relative surface area of the pectoral fin; PFAR, pectoral fin aspect ratio). 

 

 Eigenvalues 
% of 

Variance 

Water 

temp. 
Conductivity Flow 

Substrate 

heterogeneity 
Depth 

Envir PC1 3.64 72.83 0.96 0.93 -0.91 0.81 0.59 

Envir PC2 0.77 15.43 -0.09 0.03 0.13 -0.34 0.79 

   IC ITS RBD   

Body PC 1 1.21 40.25 0.78 0.77 0.02   

Body PC 1 1.07 35.80 0.33 -0.33 0.92   

   RDFA RAPF PFAR   

Fin PC1 1.70 56.95 0.88 0.85 -0.45   

Fin PC2 0.91 30.36 0.15 0.30 0.88   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Relationship between the first principal component for body morphology and fin morphology across 

eight populations of Schizothorax richardsonii (1, Kali; 2, Madhmaheshwar; 3, Bhirai; 4, Bhilangana; 5, 

Asiganga;  6, Pindar; 7, Bhagwan; 8, Nayar). 
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Discussion 
Snow trout Schizothorax richardsonii are 

widely distributed spanning habitats across 

snow fed streams of the greater Himalayas to 

spring fed streams of the outer Himalayas. The 

present study documented distinct 

environmental gradients across eight distinct 

sites differing in a range of environmental 

variables. Water temperature, conductivity and 

habitat heterogeneity were most variable across 

sites. Streams of the Himalayas are typically 

characterised by swift flowing waters due to 

high altitudinal gradients, low dissolved ions 

and high diversity of substrate types (Brewin et 

al., 1995; Manel et al., 2000). The presence of 

Schizothorax richardsonii across a wide range 

of physico-chemical stream conditions suggests 

that it is a habitat generalist with a wide range 

of environmental tolerances. 

 

Similarly, we found strong correlations 

between environmental and morphological 

variables suggesting that certain body and fin 

shapes may be adapted for a specific habitat. 

The first body principal component, which 

related strongly to the index of compression 

and index of trunk shape, was strongly 

correlated with environment PC1, which related 

to temperature, conductivity and habitat 

heterogeneity. Similarly, environment PC1 was 

also correlated with fin PC1, which was 

explained mostly by dorsal and pectoral fin 

area. These results suggest that and individual’s 

body and fin morphology is influenced by the 

environmental conditions where they live, 

although more studies are needed to determine 

whether morphology is plastic in this species. 

Other studies have found similar relationships 

among body shape, fin size and various habitat 

features (Aleev, 1969; Dougles & Mathews, 

1992; Gatz, 1979). The negative correlation 

between body size and fin morphology suggests 

that increases in traits such as body width may 

lead to decreases in fin traits. Morphological 

trade-offs between sometimes unrelated 

structures have been well documented in other 

systems (Barel et al., 1989; Bellwood & 

Wainwright, 2001; Binning et al., 2010; 

Chapman et al., 2008; Hoey et al., 2012; 

Norton et al., 1995). In this system, a more 

cylindrical body shape paired with small 

pectoral fins may enable individuals to better 

negotiate swift flowing habitats with high 

substrate heterogeneity (Chuang et al., 2006). 

Furthermore, the strong correlation between 

environmental PC1 and both body (p = 0.002) 

and fin morphology (p = 0.004) suggests that 

environmental parameters such as water 

temperature, conductivity and substrate 

heterogeneity influence morphological trait 

differences observed across sites. Similar 

changes in the body morphology of Asian 

cyprinids were observed in individuals 

inhabiting high gradient, cold water (below 

17°C) streams (Chuang et al., 2006). Other 

studies show that water conductivity is an 

important factor for promoting good fish body 

condition in streams (Dennis et al., 1995; 

DiCenzo et al., 1995). Our results support the 

hypothesis that morphological traits of fish 

populations residing across environmental 

gradients tend to develop specific adaptations 

to their habitat as has been previously reported 

(Chan, 2001; Langerhans et al., 2003; Motta et 

al., 1995; Wood & Bain, 1995). Moreover, fish 

body shape and fin size are two important 

morphological traits in this respect (Douglas & 

Matthews, 1992; Gatz 1979). 
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