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Abstract
The freshwater rivers from Shiwalik Himalayas have abundant prawn resources of high economic value and play a major 
role in the livelihood of local fishermen. The present study aimed to determine the variation in prawn abundance explained 
by changes in water quality among three different streams (Gho Manhasa stream, Chadwal stream and Nagri stream). The 
highest abundance of prawns was found in the Gho Manhasa during the premonsoon season and lowest in the Chadwal stream 
during the monsoon season. Chadwal stream witnessed maximum anthropogenic activities resulting in the decline of the water 
quality affecting prawn fauna. Cluster analysis based on similarity in terms of prawn abundance revealed that the Chadwal 
stream is different from the other two streams whereas non-metric multidimensional scaling plot based on species abundance 
corresponding to different seasons and physiochemical parameters showed the water quality of the monsoon season of the 
Chadwal stream to be extremely different. Principal component analysis showed clear separation across various sites and 
seasons based on physicochemical parameters. Karl Pearson correlation coefficient and canonical correspondence analysis 
indicated that the turbidity, total dissolved solids, nitrate, chloride, calcium, magnesium and dissolved oxygen are significant 
parameters influencing the abundance of prawns. The population of Macrobrachium dayanum and Macrobrachium kistnense 
was very less in the Chadwal stream owing to unfavorable physicochemical parameters. Therefore, conservation measures 
are suggested which should be immediately implemented before the streams witness a further decline in their populations.

Keywords  Prawn abundance · Freshwater · Limnological parameters · Macrobrachium · Correspondence canonical 
analysis-redundant · Habitat

Introduction

Large numbers of freshwater rivers born out of Shiwalik 
Himalayas are the life soul of people living in Northern 
Indian region and Indo-Gangetic plains. Indus river sys-
tem with its major rivers and tributaries ensure freshwater 
resources of Shiwalik Himalayas including Jammu region 
and support domestic use of water, agriculture, livestock 
and fish wealth. These rivers are habitat for a number of 
biota including prawn species having high commercial and 
aquaculture importance. The quality of water in the natu-
ral environment is a measure of the index of its aquatic 

ecosystem. Assessment of physicochemical parameters 
governing the water body gives brief information about 
the quantitative composition of the species (Ji 2008). The 
physicochemical parameters like water temperature, pH, 
dissolved oxygen, dissolved carbon dioxide, electrical 
conductivity, suspended solids, nitrate, ammonium ions, 
orthophosphates, color, salinity and turbidity affect the 
quality of water (Arfao et al. 2021). Numerous factors are 
responsible for variations in the physicochemical proper-
ties of water and may exert a positive or negative influence 
on the survival of the species (Ngodhe et al. 2014). Within 
a riverine ecosystem, the abundance of a species changes 
with seasonal variations in physicochemical properties 
(Sharma et al.2016; Whitfield 1994; Harris and Cyrus 
1995; Garcia et al.2003). Many researchers in the past 
have focused on the importance of physicochemical and 
ecological parameters for outlining the abundance and 
diversity of fish, prawns and other crustaceans (Martino 
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and Able 2003; Varadharajan et al. 2012; Shah and Pandit 
2013; Lobato et al. 2020; De Sousa et al. 2020; Akongyu-
ure et al. 2021; Fadlaoui et al. 2021; Rathnayake et al. 
2021).

The diversity and abundance of prawns are influenced by 
several factors like dissolved oxygen, temperature, turbidity, 
total dissolved solids, nitrate and other structural character-
istics of the aquatic environment (Berry et al. 1996; Kadye 
et al. 2008). These factors are associated with one another 
and change in one factor may lead to change in another 
which may lead to serious consequences on the water qual-
ity as well as the organisms living in it. Dissolved oxygen is 
one of the most significant factors required for aquatic life, 
and low levels of dissolved oxygen lead to reduced quality 
of water which may increase mortality in prawns (Rehman 
et al. 2020). In the natural environment, the quality of water 
should be well within the range of tolerance for populations 
to survive and grow efficiently. Dissolved oxygen concentra-
tion in a water body is regulated by the amount of photosyn-
thesis, diffusion of air and exchange of water (Boyd 1998) 
and if reduced causes stunted growth and bring down the 
food conversion efficiency ratio in prawns (Allan and Magu-
ise 1991). Temperature is another important factor for the 
survival of the organism and the best suitable temperature 
for prawn survival is between 12 and 31 °C, beyond which 
results in high mortality (Bwadi et al. 2018). Also, runoff 
from the surroundings including chemicals, dirt, soil and 
other garbage due to rainfall may be detrimental to the prawn 
populations (Bwadi et al. 2018).

The deteriorating condition of water quality has a pro-
found effect on the environment as a whole, disturbing the 
very nature of the ecosystem and degradation of natural 
habitat is a significant factor resulting in a decrease in the 
diversity and abundance of the species (Alam et al. 2013). 
Human activities like the discharge of sewage and runoff of 
agricultural pollutants are the main contributing factors to 
reduced water quality index (Hasan et al. 2019; Anderson 
et al. 2002). An imbalance of nutrients in the ecosystem 
may cause detrimental effects like algal bloom which fur-
ther depletes oxygen levels. If the organisms from these pol-
luted waters are consumed may cause mortality in humans 
(Anderson et al. 2002). Since water quality determines the 
biological health of a species (Bera et al. 2014; Dhawan and 
Kaur 2002), therefore water-based studies become essen-
tial to evaluate the current data and push forward the man-
agement strategies to effectively manage the water bodies 
in the future. Keeping this in mind, the present study was 
designed to estimate the physicochemical parameters which 
would enable the evaluation of water quality among three 
streams and its effect on prawn abundance. For this study, 
two hypotheses were tested: (1) Abundance of prawn species 
differs among collection sites and seasons. (2) Changes in 

the abundance of prawns can be described by variations in 
the quality of water.

Material and method

Study site

The present study was carried out for 12 months from March 
2020 to February 2021 at three different sites—Gho Man-
hasa stream (GMS), Chadwal stream (CS) and Nagri stream 
(NS) (Fig. 1). Gho Manhasa stream (32.692°N, 74.768°E) is 
the tributary of the Chenab river present in the Jammu dis-
trict, whereas Nagri stream (32.347°N,75.447°E) and Chad-
wal stream (32.400°N, 75.340°E) are the tributaries of Ravi 
river found in Kathua district of Jammu division of J&K 
UT, India. Chenab and Ravi rivers are the most important 
rivers of the Indus river system that are of Himalayan origin 
flowing through the Jammu region (lower Shiwalik belt of 
Himalayas). These two rivers and their tributaries ensure a 
continuous water supply for agriculture, domestic use and 
livestock and support the livelihood of people inhabiting 
the region. These three sites were selected based on acces-
sibility, commercial importance to the local fisheries and 
anthropogenic pressure with the Chadwal stream witness-
ing maximum anthropogenic pressure than the other two 
streams. Months were divided from March to June, July to 
October and November to February into premonsoon, mon-
soon and postmonsoon seasons, respectively (Sharma et al. 
2016). The map of the sampling location was prepared using 
QGIS software (version 3.18).

Physicochemical parameters

Parameters like pH, temperature, turbidity, dissolved oxy-
gen, free carbon dioxide and alkalinity were measured on the 
site, and total dissolved solids (TDS), calcium, magnesium, 
nitrate and chloride were estimated in the laboratory on the 
same day of collection following standard protocols (APHA 
1998; Wetzel and Likens 1991). Water temperature, pH and 
turbidity were measured using a degree centigrade (−10–50° 
C), thermometer (P-601466), digital pH meter (Testo 206 
series) and digital turbidity meter (electronics India), respec-
tively. The water sample was collected in glass biological 
oxygen demand (BOD) stoppered bottle for the analysis of 
dissolved oxygen and as required in a borosilicate glass labo-
ratory beaker (2L capacity) for the analysis of other param-
eters on the sample site. For analysis of parameters to be 
estimated in the laboratory, water sample was collected in 
two polyethylene sample bottles (5L capacity) which were 
properly cleaned and sterilized to avoid any contamination. 
These bottles were labeled and immediately brought to the 
laboratory for physiochemical analysis. Six water samples 
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were collected from different regions within a station and 
estimated for each parameter every month and their mean 
was calculated. The quality of the data was ensured by care-
ful standardization of the protocol and replicate samples.

Prawn sampling and identification

Samples were collected with the aid of local fishermen early 
in the morning using a cast net of 5 × 5 mm. The abundance 
of each species was recorded in terms of the number of indi-
viduals of that species collected in 10 nettings each month, 
and the results were integrated according to seasons. The 
collected samples were sorted species-wise and counted on 
the spot. The specimens which were hard to identify were 
brought to the laboratory and studied. A total of 486 indi-
viduals from the Gho Manhasa stream, 140 from the Chad-
wal stream and 359 from the Nagri stream were collected 
during the study period. The species belonging to the genus 
Macrobrachium were identified up to the species level fol-
lowing Paul (1991), Cai and Ng (2002), and Sharma and 
Subba (2005). Two species belonging to the genus Carid-
ina following Thomas (2011) are named Caridina sp.1 and 
Caridina sp. 2. The main identifying features of prawn are 
the rostrum, the number of spines on the dorsal and distal 
end of the telson and 2nd cheliped.

Statistical analysis

The descriptive statistics were performed using the statistical 
tool Palaeontological Statistics PAST, version 4.03 for the 
analysis of multivariate data. Basic data for calculation of 
mean values, standard deviation and preparation of graphs 
for data of abundance of each species during different sea-
sons at different stations was done using MS Excel, 2010; 
two-way ANOVA and Karl Pearson correlation coefficient 
were estimated using SPSS (version 20.0). Karl Pearson cor-
relation coefficient was performed to study the relationship 
between the environment variables and prawn abundance. 
Cluster analysis was performed to analyze the extent of simi-
larity among different stations based on species abundance 
using the Bray Curtis similarity index in PAST software 
(version, 4.03). To visualize and verify the results of spe-
cies abundance at different sites and seasons with respect to 
different physiochemical parameters, two dimensional, non-
metric multidimensional scaling (nMDS) plot was created 
using PAST (version, 4.03). Principal component analysis 
was performed to determine the relationship between envi-
ronmental variables and sampling sites associated with dif-
ferent seasons and to reduce the environmental variables for 
further analysis. Finally, canonical correspondence analysis 
was performed to study the influence of different parameters 
on the abundance of prawns at different sites (PAST version, 

Fig. 1   Map showing the location of different sites
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4.03). The environmental variables that best define the con-
tribution of PCA axes were used for CCA. The species point 
on the CCA plot represents the preference of the species for 
an environmental variable in the particular aquatic habitat.

Result

Physicochemical parameters

Water parameters estimated at different stations and sea-
sons are presented in Table 1 where N is the total number 
of samples analyzed from each station and the results of 
the two-way analysis of variance (ANOVA) are presented 
in Table 2. The maximum water temperature was recorded 
during the premonsoon season and the minimum during the 
postmonsoon season for all three sites. Significant variation 
was observed in the mean water temperature across seasons 

Table 1   Mean seasonal values 
of physicochemical parameters 
of Gho Manhasa stream (GMS), 
Chadwal stream (CS) and Nagri 
stream (NS)

Season Premonsoon Monsoon Postmonsoon

Parameters N Stations Mean SD Mean SD Mean SD
Temperature (degree centigrade) 72

72
72

GMS
CS
NS

27.75
28.56
27.86

2.1
2.6
1.9

26.72
25.97
26.25

1.62
2.15
1.96

18.75
19.52
19.21

2.61
2.44
2.00

Turbidity (NTU) 72
72
72

GMS
CS
NS

17.36
29.89
22.63

14.63
10.63
11.61

63.98
85.62
69.32

18.06
11.34
9.63

38.47
56.21
39.98

10.23
12.63
9.42

TDS (mg/L) 72
72
72

GMS
CS
NS

70.00
98.75
73.50

18.21
31.64
16.56

214.72
236.62
212.48

31.25
48.58
33.82

101.36
128.34
106.85

19.34
29.56
21.19

pH 72
72
72

GMS
CS
NS

7.78
7.52
7.63

0.09
0.07
0.09

7.67
7.43
7.49

0.07
0.04
0.06

7.30
7.28
7.24

0.06
0.05
0.06

Dissolved oxygen (mg/L) 72
72
72

GMS
CS
NS

6.12
5.32
5.78

0.56
0.43
0.33

5.85
4.98
5.63

0.92
0.72
0.43

6.81
5.89
6.75

0.23
0.15
0.30

Alkalinity (mg/L) 72
72
72

GMS
CS
NS

232.21
216.54
182.56

14.22
20.46
12.65

186.21
162.15
160.32

10.91
8.65
10.42

143.19
139.67
125.41

4.45
5.42
5.06

Calcium (mg/L) 72
72
72

GMS
CS
NS

56.92
42.69
47.65

6.77
6.43
5.46

49.15
35.46
36.95

5.76
5.46
4.59

49.95
37.56
39.42

8.74
9.56
7.58

Magnesium (mg/L) 72
72
72

GMS
CS
NS

35.42
31.51
32.65

4.57
6.02
5.33

24.65
19.15
20.78

3.67
4.10
3.56

25.85
20.52
23.61

3.45
4.55
3.78

Nitrate (mg/L) 72
72
72

GMS
CS
NS

0.04
0.11
0.06

0.002
0.004
0.002

0.14
0.29
0.17

0.004
0.005
0.004

0.07
0.19
0.08

0.001
0.003
0.001

Chloride (mg/L) 72
72
72

GMS
CS
NS

26.18
32.74
28.67

1.35
2.00
1.78

34.68
47.55
38.41

2.00
3.65
2.01

27.15
35.02
31.48

1.45
1.93
1.40

Free carbon dioxide (mg/L) 72
72
72

GMS
CS
NS

4.36
5.83
4.11

0.46
0.92
0.45

5.26
5.92
5.00

0.66
1.00
0.74

3.42
3.87
3.15

0.50
0.62
0.48

Table 2   Results of two-way ANOVA applied to a total of eleven 
physicochemical parameters

⁎⁎ Indicates significant difference at the p < 0.01 level; ⁎ Indicates 
significant difference at the p < 0.05 level

Parameters Seasonwise Stationwise

p value F value p value F value

Temperature 0.000⁎⁎ 318.78 0.738 0.32
Turbidity 0.000⁎⁎ 211.85 0.004⁎⁎ 27.97
TDS 0.000⁎⁎ 3013.82 0.000⁎⁎ 113.85
pH 0.006⁎⁎ 23.55 0.074 5.33
Dissolved oxygen 0.000⁎⁎ 76.18 0.001⁎⁎ 57.60
Alkalinity 0.002⁎⁎ 38.76 0.048⁎ 6.77
Calcium 0.001⁎⁎ 54.97 0.000⁎⁎ 135.50
Magnesium 0.000⁎⁎ 286.03 0.001⁎⁎ 44.37
Nitrate 0.005⁎⁎ 24.90 0.007⁎⁎ 20.8
Chloride 0.004⁎⁎ 28.76 0.009⁎⁎ 17.60
Free carbon dioxide 0.003⁎⁎ 30.03 0.024⁎ 10.84
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(p < 0.01), whereas sites did not show any significant differ-
ences in water temperature (p > 0.05).

Among all the study sites, the maximum turbidity was 
recorded in the Chadwal stream (85.62 NTU), followed by 
the Nagri stream (69.32 NTU) and lowest in the Gho Man-
hasa stream (63.98 NTU) (p < 0.01). Seasonally, the high-
est turbidity was recorded in August and the lowest during 
the postmonsoon season in February (p < 0.01). Similarly, 
the highest concentration of total dissolved solids was 
found in the Chadwal stream during the monsoon season 
(236.62 mg/L) and lowest in the Gho Manhasa stream dur-
ing the postmonsoon season (70.00 mg/L). There were sig-
nificant variations in the level of total dissolved solids dur-
ing different seasons and among different sites (p < 0.01). 
Maximum pH was found during premonsoon at Gho Man-
hasa stream and minimum during postmonsoon at Chadwal 
stream. Significant variation was observed in the seasonal 
concentration of pH (p < 0.01), but no statistically significant 
variation was observed among sites (p > 0.05).

Across different sites and seasons, the maximum level of 
dissolved oxygen was found during the postmonsoon sea-
son at the Gho Manhasa stream (6.81 mg/L), Nagri stream 
(6.75 mg/L) and Chadwal stream (5.89 mg/L) (p < 0.01). 
Between seasons, the highest concentration was recorded 
during postmonsoon, followed by premonsoon and monsoon 
seasons (p < 0.01).

Maximum alkalinity was found during premonsoon sea-
son and minimum during the postmonsoon season at the 
study stations. Significant variation was found between sea-
sons (p < 0.01) as well as stations (p < 0.05). The highest 
alkalinity was recorded at the Gho Manhasa stream during 
the premonsoon season (232.21 mg/L) and lowest at the 
Nagri stream during the postmonsoon season (125.41 mg/L).

Among seasons, the highest concentration of calcium was 
found during the premonsoon season followed by postmon-
soon and monsoon seasons. Across the stations, the highest 
concentration was found at Gho Manhasa during the pre-
monsoon season (56.92 mg/L) and lowest at the Chadwal 
stream during the monsoon season (35.46 mg/L). Significant 
differences in the mean value of calcium were observed both 
seasonally and stationwise (p < 0.01). The maximum mean 
value of magnesium was reported at Gho Manhasa during 
the premonsoon season (35.42 mg/L), while the minimum 
concentration was observed at Chadwal stream during the 
monsoon season (19.15 mg/L) with significant seasonal and 
spatial variation (p < 0.01).

Seasonally, the highest concentration of nitrate was 
observed during monsoon season and the minimum con-
centration during the premonsoon season at all the sites 
(p < 0.01). Stationwise, the highest concentration was 
recorded at the Chadwal stream (0.29 mg/L) and the low-
est at the Gho Manhasa stream (0.04) for different seasons 
(p < 0.01). Similarly, chloride concentration was observed 

highest during monsoon season, followed by postmonsoon 
and premonsoon (p < 0.01). For the monsoon season, the 
highest level of chloride was reported at the Chadwal stream 
(47.55 mg/L) and the lowest at the Gho Manhasa stream 
(34.68 mg/L) (p < 0.01).

Free carbon dioxide was found maximum during mon-
soon and minimum during the postmonsoon season. The 
highest concentration was recorded at the Chadwal stream 
(5.92 mg/L) during the monsoon season and the lowest at 
the Nagri stream (3.15 mg/L) during the premonsoon sea-
son. Significant variations in the mean values of free carbon 
dioxide were observed between stations (p > 0.05) and sea-
sons (p < 0.01).

Diversity and seasonal abundance of prawn species

Five species of prawns belonging to two genera, i.e., Mac-
robrachium and Caridina, were recorded from three study 
stations. The species recorded were M. dayanum, M. kist-
nense, M. lamarrei, Caridina sp.1 and Caridina sp.2. The 
Caridina spp. were new records and named viz. Caridina 
sp.1 and Caridina sp.2. The most abundant genus was 
Macrobrachium contributing 81.71, 80.76 and 86.43% to 
the total abundance of Gho Manhasa, Chadwal and Nagri 
streams, respectively (Fig.  2). Among Macrobrachium, 
the most abundant species was M. dayanum followed by 
M. kistnense which were found at all the three sites. Of all 
the species, the least abundance of total prawn species was 
constituted by M. lamarrei accounting for 3.07% in Gho 
Manhasa, 0% in Chadwal and 5.29% in the Nagri stream. 
Figure 3 represents the stationwise abundance of the species 
during different seasons.

Cluster analysis and non‑metric multidimensional 
scaling (MDS)

Cluster analysis (Fig. 4) of different stations based on the 
species abundance revealed that Gho Manhasa and Nagri 

Fig. 2   Diversity and abundance of different species of prawns col-
lected from Gho Manhasa, Chadwal and Nagri streams
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streams are more similar as they are grouped together, 
whereas the Chadwal stream formed a separate branch. 
Results of non-metric MDS analysis (Fig. 5) showed a 
coincident pattern as revealed by cluster analysis for the 
observed data. Chadwal stream with all the seasons par-
ticularly the monsoon season was found to occupy a dis-
tant positive section on the X axis, whereas all the Nagri 
and Gho Manhasa seasons occupied a negative section on 
the X axis. Chadwal stream was a distinct site mainly due 
to the presence of a high concentration of chloride, nitrate, 
turbidity, total dissolved solids and low concentration of 
dissolved oxygen whereas the other two streams reported 
opposite conditions.

Karl Pearson correlation coefficient

Table 3 presents the details of the Karl Pearson correla-
tion coefficient between limnological attributes and the 
abundance of prawn species. In the present investigation, a 
significant negative correlation was observed between tur-
bidity and abundance of M. dayanum (r = −0.75; p < 0.05), 
M. kistnense (r = −0.74; p < 0.05), M. lamarrei (r = −0.62; 
p < 0.05), Caridina sp.1 (r = −0.87; p < 0.05) and Caridina 
sp. 2 (r = −0.89; p < 0.05). Total dissolved solids showed a 
significant negative correlation between the abundance of 
M. dayanum (r = −0.66; p < 0.05), M. kistnense (r = −0.64; 
p < 0.05), M. lamarrei (r = −0.67; p < 0.05), Caridina 
sp.1 (r = −0.85; p < 0.05) and Caridina sp. 2 (r = −0.87; 
p < 0.05). A significant positive correlation was observed 
between dissolved oxygen and abundance of M. dayanum 
(r = 0.67; p < 0.05), M. kistnense (r = 0.64; p < 0.05) and 
M. lamarrei (r = 0.61; p < 0.05). Calcium and magnesium 
showed a significant positive correlation with M. daya-
num (r = 0.82; p < 0.05) (r = 0.69; p < 0.05), M. kistnense 
(r = 0.87; p < 0.05) (0.72; p < 0.05), M. lamarrei (r = 0.78; 
p < 0.05) (r = 0.70; p < 0.05), Caridina sp. 1 (r = 0.76; 
p < 0.05) (r = 0.84; p < 0.05) and Caridina sp. 2 (r = 0.75; 
p < 0.05) (r = 0.84; p < 0.05). A significant negative cor-
relation of nitrate was found with M. dayanum (r = −0.88; 
p < 0.05), M. kistnense (r = −0.86; p < 0.05), M. lamarrei 
(r = −0.77; p < 0.05), Caridina sp.1 (r = −0.75; p < 0.05) 
and Caridina sp. 2 (r = −0.77; p < 0.05) and chloride also 

Fig. 3   Total abundance of prawn species during premonsoon, mon-
soon and postmonsoon at three study sites

Fig. 4   Dendrogram showing similarity between sites based on the 
abundance of prawns species
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showed significant negative correlation with M. dayanum 
(r = −0.85; p < 0.05), M. kistnense (r = −0.86; p < 0.05), M. 

Fig. 5   Non-metric multidimensional scaling (MDS) plot of prawn species abundance and physicochemical properties at different sites and sea-
sons

Table 3   Karl Pearson correlation coefficient between physicochemical parameters and prawn abundance

Bold values indicate a significant correlation (p < 0.05)
WT Water temperature, Tu Turbidity, TDS: total dissolved solids, DO Dissolved oxygen, Alk Alkalinity, Ca Calcium, Mg Magnesium, Ni Nitrate, 
Cl Chlorides, FCO2 Free carbon dioxide, M.da Macrobrachium dayanum, M. ki Macrobrachium kistnense, M. la Macrobrachium lamarrei, C.1 
Caridina sp.1 and C.2 Caridina sp.2

WT Tu TDS pH DO Alk Ca Mg Ni Cl FCO2 M.da M.ki M.la C.1 C.2

WT
Tu −0.09
TDS 0.12 0.95
pH 0.86 −0.29 −0.05
DO −0.69 −0.45 −0.50 −0.34
Alk 0.83 −0.44 −0.23 0.88 −0.39
Ca 0.23 −0.68 −0.53 0.63 0.40 0.59
Mg 0.48 −0.89 −0.76 0.65 0.13 0.76 0.79
Ni 0.01 0.91 0.82 −0.27 −0.67 −0.30 −0.75 −0.79
Cl 0.13 0.90 0.86 −0.20 −0.70 −0.25 −0.77 −0.74 0.96
FCO2 0.74 0.44 0.58 0.44 −0.90 0.52 −0.21 0.06 0.56 0.63
M.da 0.02 −0.75 −0.66 0.36 0.67 0.27 0.82 0.69 −0.88 −0.85 −0.57
M.ki 0.04 −0.74 −0.64 0.43 0.64 0.30 0.87 0.72 −0.86 −0.86 −0.53 0.98
M.la 0.01 −0.62 −0.67 0.40 0.61 0.25 0.78 0.70 −0.77 −0.73 −0.52 0.97 0.96
C.1 0.09 −0.87 −0.85 0.37 0.38 0.51 0.76 0.84 −0.75 −0.79 −0.38 0.79 0.77 0.73
C.2 0.08 −0.89 −0.87 0.34 0.41 0.50 0.75 0.84 −0.77 −0.80 −0.39 0.79 0.74 0.75 0.99
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lamarrei (r = −0.73; p < 0.05), Caridina sp.1 (r = −0.79; 
p < 0.05) and Caridina sp. 2 (r = −0.80; p < 0.05).

Principal component analysis

PCA was performed for all the eleven environmental 
variables studied and yielded two principal components 
with eigenvalues greater than 1 which were extracted and 
accounted for 85.64% of the total variance (Table 4). The 
first and the second principal components described 56.20 
and 29.44% of the total variance. It is noteworthy that a 
loading score of 0.30 or above is considered good, 0.40 or 

above is considered significant and 0.50 or above is consid-
ered highly significant (Lomberte et al. 2012). In the present 
study, loading score greater than 0.6 was extracted for each 
principal component following Alvarez et al. (2017) which 
were statistically significant and indicated closely associated 
variables with PC1 and PC2. The most significant loadings 
on PC1 were turbidity, TDS, calcium, magnesium, nitrate 
and chloride, and those on PC2 were dissolved oxygen and 
alkalinity.

Visual investigation of the scatterplot of PC1 and PC2 
showed significant variation in values between the sites due 
to magnesium, calcium and alkalinity which were associated 
with Gho Manhasa and Nagri during premonsoon and dis-
solved oxygen was more linked to Gho Manhasa and Nagri 
streams during postmonsoon. On the other hand, TDS, tur-
bidity, nitrate and chloride were associated with Chadwal 
and Nagri stations during monsoon season (Fig. 6).

Canonical correspondence analysis

Canonical correspondence analysis is a direct gradient anal-
ysis technique for identifying variation patterns in species 
data that were best described by environmental parameters 
(Jongman et al. 1995, Alvarez et al. 2017, Palanivel et al. 
2019). Eight statistically significant variables, viz. turbid-
ity, TDS, calcium, magnesium, nitrate, chloride, dissolved 
oxygen and alkalinity identified with PCA, were selected for 
CCA. A CCA plot (Fig. 7) was formed to establish the rela-
tionship between environmental variables and prawn species 
found in three streams which showed that eigenvalue for 

Table 4   Principal component analysis performed on all the water 
parameters from different sampling sites and significant loading score 
(> 0.60) (indicated in bold) for the first two PCA components (with 
eigenvalues > 1) were extracted

Parameters PC1 PC2

Temperature −0.042 0.583
Turbidity 0.783 0.109
TDS 0.835 0.212
pH −0.268 0.517
Dissolved oxygen −0.382 −0.692
Alkalinity −0.392 0.612
Calcium −0.721 0.211
Magnesium −0.748 0.393
Nitrate 0.794 0.217
Chloride 0.765 0.246
Free carbon dioxide 0.190 0.421

Fig. 6   PCA scatterplot for the first two components showing the relationship between physicochemical parameters in different sites and seasons
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the axis 1 (0.102) and eigenvalue for axis 2 (0.021) explain 
68.02 and 38.98% of the correlation, respectively. The vec-
tor length indicates the significance of the variables with 
axis 1 and 2 (Liu et al. 2010). Based on vector length, total 
dissolved solids, turbidity, nitrate and chloride were signifi-
cantly negatively correlated, whereas magnesium, calcium 
and dissolved oxygen were positively correlated with prawn 
abundance. These water quality parameters significantly 
affected the habitat features comprised by site-season inter-
action and hence influenced the overall abundance of prawn 
species.

Axis 1 showed a positive correlation with magnesium, 
calcium, dissolved oxygen and alkalinity, therefore discrimi-
nating between sites and seasons with Gho Manhasa pre-
monsoon and postmonsoon season and Nagri premonsoon 
occupying a close position at one end and all the Chadwal 
season's interaction at the other end. Axis 2 showed a nega-
tive correlation with total dissolved solids, turbidity, chloride 
and nitrate, depicting water quality gradient with monsoon 
season at an extremity and premonsoon and postmonsoon 
season on the other side.

The habitat characterized by the interaction of monsoon 
season was associated with a high concentration of total dis-
solved solids, turbidity, chloride and nitrate, and no abun-
dance of prawn species was linked to these conditions. On 
the contrary, interactions of the premonsoon season with the 
Gho Manhasa and Nagri sites along with the postmonsoon 
season with the Gho Manhasa site exhibited high concentra-
tions of calcium, magnesium and dissolved oxygen and were 
associated with a high abundance of prawn species. It was 

determined that all the species were associated with a low 
concentration of four variables, i.e., TDS, turbidity, chloride 
and nitrate. M. dayanum, M. kistnense and M. lamarrei were 
closely associated with dissolved oxygen, calcium and mag-
nesium, whereas Caridina spp. showed a strong relationship 
with alkalinity and magnesium. Also, M. dayanum occupied 
a near centroid position in the plot indicating that it is the 
most abundant species at all three sites.

Discussion

Physicochemical parameters

Monitoring of limnological parameters is significant for 
determining the quality of water (Bhateria and Jain 2016) 
which in turn is important for studying the distribution and 
abundance of biota in the water body (Sharma et al. 2007). 
In the present study, the maximum level of turbidity and 
total dissolved solids were recorded at Chadwal during the 
monsoon season. Sutlej river flowing through Himachal 
Pradesh shows a similar trend with a high level of turbid-
ity during monsoon season (Jindal and Sharma 2011). All 
the soluble material either organic or inorganic dissolved 
in water constitutes total dissolved solids and is positively 
related to the pollution level in the water body (Butler and 
Ford 2018; Islam et al. 2017). High turbidity and total dis-
solved solids in monsoon are due to heavy soil erosion and 
suspension of particles like clay, silt, plankton and garbage 
runoff from surroundings (Choudhary et al. 2014).

Fig. 7   Canonical correspondence analysis biplot between physicochemical parameters and abundance of prawn species at different sites
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pH plays a vital role in the biological mechanism of all 
water-dwelling organisms (Welch 1952). Most of the fresh-
water bodies are alkaline in nature since they contain some 
amount of carbonates and bicarbonates (Ishaq and Khan 
2013). Lower pH makes the water more caustic, and all three 
studied water bodies were found to be alkaline in nature with 
no significant variation between stations. Dissolved oxygen 
is the most influential parameter affecting aquatic life as is 
required for respiration and adjudging the productivity level 
of the aquatic ecosystem and estimating the condition of 
the natural water ecosystems (Yang et al. 2008). All three 
streams showed the highest level of dissolved oxygen in the 
postmonsoon season, followed by the premonsoon and mon-
soon seasons. Our findings were consistent with the studies 
conducted on many rivers of the Gangetic plain of India 
(Rani et al. 2011). The minimum level of dissolved oxygen 
in monsoon season may be on account of the large influx of 
organic matter in the water which results in a high rate of 
organic decomposition in these months, consuming a large 
amount of dissolved oxygen (Matta et al. 2018). Also, the 
high level of dissolved oxygen in premonsoon and post-
monsoon may be due to the increased photosynthetic rate of 
phytoplankton during these seasons (Ravinder et al. 2003). 
Calcium and magnesium represent the hardness of water 
(Rao 2001), and their low value was found in monsoon due 
to the dilution of water. Singh et al. (2010) also found cal-
cium and magnesium to be low during this season. Mg2+ is 
an essential core element of chlorophyll which absorbs light 
during the process of photosynthesis, therefore determining 
the phytoplankton population, which directly and indirectly 
serves food for prawns. Ca2+ is important for the growth 
process and development of the exoskeleton of prawns.

High concentration of nitrate in the river is toxic which 
leads to many environmental problems like eutrophication, 
thus causing harm to aquatic organisms (Eddy and Williams 
1987). Freshwater organisms particularly freshwater inver-
tebrates and fish are more sensitive to nitrate than marine 
animals where salinity reduces the effect of nitrate toxicity 
(Camargo et al. 2005). Also, high nitrate concentration has 
been shown to influence the survival and growth of aquatic 
fauna (Duque et al. 2020). High levels of chloride along with 
other ions like Mg++, Ca++, CO3

−−, HCO3
− lead to the salin-

ization of freshwater bodies and are destructive to freshwa-
ter organisms especially small invertebrates (Elphich et al. 
2010). Even a small increase in the concentration of these 
ions can have an amplified effect on the organism interfer-
ing with osmoregulation, growth and reproduction. In the 
present study, the maximum concentration of chloride and 
nitrate was found at the Chadwal stream during the monsoon 
season which may be considered an indicator of pollution 
status (Xue 2016). High human activities were observed in 
this stream as it receives high amounts of municipal sewage, 
domestic waste and industrial effluents. Also, the influx of 

pesticides, fertilizers and other agricultural waste as well as 
open defecation from nearby fields add to the elevated levels 
of nitrate and chloride at this site. The effect is amplified 
during the rainy season as the stream is loaded with a high 
amount of waste. The highest concentration of free carbon 
dioxide was recorded at the Chadwal stream during monsoon 
season. Increased concentration during monsoon season may 
be due to the addition and decomposition of a huge load 
of sewage and decreased rate of photosynthesis during this 
season (Surana et al. 2010).

The study of limnological parameters revealed that the 
Chadwal stream was the most degraded site among the 
three streams because of maximum anthropogenic activities 
including cattle movement. Also, the construction of new 
roads in the recent past in this area has further worsened the 
condition by dumping waste material in the stream as well as 
destroying the marginal aquatic vegetation. The water qual-
ity of average to low was detected among seasons and differ-
ent stations. For instance, the minimum value of dissolved 
oxygen was reported from the Chadwal site during monsoon 
season, which is considered average water quality. But due to 
the presence of a high concentration of nutrients like nitrate 
and chloride along with turbidity and total dissolved solids, 
the water of this site is categorized as low quality. A study 
conducted by Sharma et al. (2016) reported a similar result 
in the Baldi stream of the Garhwal Himalayas.

Variation in abundance of prawn species

In the present study, variation in the abundance of prawn 
species was observed among different sites and seasons. 
Out of five species, M. dayanum showed its dominance of 
48.55, 48.7 and 74.13 percent at the Gho Manhasa, Chadwal 
and Nagri streams. M. dayanum has been reported to be the 
most dominant species of the region in previous studies as 
well (Sharma 2015). The high abundance of the species in 
a particular habitat may be related to the tolerance range of 
the species to various environmental parameters (Sheaves 
et  al. 2015). The species showed maximum abundance 
during the premonsoon season followed by postmonsoon 
season and minimum in the monsoon season. A similar pat-
tern was observed at all three sites (Fig. 3). A similar study 
conducted by Collocott et al. (2014) and De Sousa et al. 
(2020) showed summer months favor a high abundance of 
freshwater prawns and marine prawns, e.g., Farfantepenaeus 
brasiliensis, respectively.

Generally, abundance of prawn species significantly 
declined during monsoon season, especially in the Chad-
wal stream. Besides the reduced water quality, these months 
receive heavy rainfall and the habitat cover of prawns is 
destroyed as vegetation is uprooted and washed off which 
could be one of the probable reasons for the declined popu-
lation. Also, the fast flowing nature of streams lowers the 
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efficiency of catching the prawn species. A similar reason 
was reported by Galib et al. (2018) in the case of reduced 
fish abundance during this season. Akhi et  al. (2020) 
reported that fast flow of water reduces the availability of 
food making the conditions unfavorable.

Cluster analysis and nMDS revealed that the Chadwal 
stream reported to have a low abundance of species, espe-
cially during the monsoon and M. lamarrei was found to 
be absent in this stream, indicating its narrow tolerance 
range to different parameters of the stream. Variations in 
the abundance of species may be attributed due to changes in 
hydrological properties and anthropogenic influences which 
further influence the structure of aquatic habitat with respect 
to distribution, abundance and survival of species, as also 
reported by Fausch et al. (1990); Harrison and Whitfield 
(2004); Hossain et al. (2012); Cendejas et al. (2013).

Influence of water quality on the abundance 
of prawn species

Particularly in tropical and subtropical regions where vari-
ations in environmental factors are mostly influenced by 
seasons, environmental variables are crucial in regulat-
ing species abundance (Blabber 2000). During the present 
study, monsoon season, on the one hand, and premonsoon 
and postmonsoon season, on the other, profoundly affected 
prawn abundance pattern as low abundance of prawn species 
was associated with low water quality. Rashed-un-Nabi et al. 
(2011) and Duque et al. (2020) reported a similar trend in the 
case of the abundance of Macrobrachium villosimanus and 
fish species, where the least abundance was associated with 
degraded water quality. M. dayanum and M. kistnense were 
reported across all seasons and sites, indicating their wide 
range of tolerance to variations in water quality parameters. 
Potter et al. (2015) stated that the species having a broad 
range of tolerance outweigh species with a narrow toler-
ance range in general. According to Karl Pearson correla-
tion matrix, calcium, magnesium, dissolved oxygen, total 
dissolved solids, turbidity, nitrate and chloride were the 
factors highly correlated variables influencing abundance. 
For detecting the variation in communities particularly for 
estimating the effect of environmental parameters on the 
biotic group at the spatiotemporal level and understanding 
the variation at different gradients of environmental condi-
tions, multivariate approaches appear to be more efficient 
compared to univariate analysis (Xu et al. 2011). Based 
on different water parameters, the results of PCA showed 
variation patterns in the three sites associated with differ-
ent seasons and these variations further govern the habitat 
characterization of respective sites. This analysis success-
fully excluded the redundant information by identifying the 
variables that differentiated the sites and seasons. These 
variables reflected the site-specific conditions that could 

influence the species' abundance. Based on the CCA plot, 
dissolved oxygen, alkalinity, calcium and magnesium were 
positively correlated with abundance and turbidity, and total 
dissolved solids, nitrate and chloride showed a negative cor-
relation with the abundance of prawn species. Higher tur-
bidity and total dissolved solids are undesirable to aquatic 
organisms (Weber Scannell and Duffy 2007), and prawns 
are no exception. High concentrations of nitrate and chloride 
is an indicator of pollution levels (Royer et al. 2004) and 
are thus toxic to aquatic organisms. Low levels of dissolved 
oxygen in the water induce a hypoxic environmental state, 
making the survival of aquatic species difficult. Alkalinity 
makes the environment productive and nutrient-rich (Muna-
war 1970) and magnesium and calcium ions are important 
for development and required for exoskeleton formation as 
prawns undergo moulting and often shed their carapace.

Water quality promotes appropriate ecosystem function-
ing and supports the generation of ecosystem services which 
is determined by both biotic and abiotic measures (Foley 
et al. 2015; Pouso et al. 2018) and therefore can be charac-
terized by using the concentration ranges of nitrate, chloride, 
and dissolved oxygen, among other characteristics (Bhateria 
and Jain 2016; Duque et al. 2022). Increased concentrations 
of productive nutrients like nitrate have been previously 
linked to anthropogenic practices (Smith 2003; Camargo 
and Alonso 2006 and Wilkerson and Dugdale 2016), such 
as urban settlements, excess nutrient flow from municipal 
and agricultural waste which has added pressure on fresh-
water ecosystem contributing to its deterioration. Previously, 
researchers have reported that aquatic systems enriched with 
nutrients discharged from anthropogenic wastes have influ-
enced the presence and abundance of macroinvertebrate 
species by subjecting them to low levels of dissolved oxy-
gen and physiological stress (Kenworthy et al. 2016; Hale 
et al. 2018; Nelson et al. 2019; Ren et al. 2019; Duque et al. 
2022). A low abundance of species was evident in waters 
with high nitrate, chloride, total dissolved solids and turbid-
ity. The high concentration of these parameters is a reflection 
of low-grade water quality and disturbed habitat condition 
due to wastewater from different sources that finds its way 
into the stream, which contain organic as well as inorganic 
pollutants, leading to toxicity. As a result, it could deterio-
rate the structure and function of the biotic community. The 
present study could verify the influence of fluctuating water 
quality on the abundance of prawns, especially with regards 
to nitrate, chloride, total dissolved solids and turbidity and 
therefore abundance patterns can be used as an ecological 
indicator.

Threat factors and conservation implications

The population abundance of a species is one of the indi-
cators of the health of the ecosystem (Bender et al. 1998). 
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Unfavorable changes in the aquatic ecosystem lead to 
reduced water quality, influencing species abundance 
(Moyleand Leidy 1992). Macrobrachium species are con-
sumable with high economic value particularly M. dayanum 
and Caridina spp. are important from an ornamental point 
of view. Keeping in view the socioeconomic importance of 
the water bodies and the results of the present study, con-
servation measures to improve the water quality, protect the 
prawn population and the river as a whole ecosystem should 
be implemented so that future decline of the biota in gen-
eral and prawn population, in particular, could be mitigated. 
These measures should be taken keeping in mind the life 
cycle and tolerable range of environmental physiology. First, 
the flow of sewage waste and other municipal waste should 
be restricted from flowing into the aquatic system to keep it 
from further deteriorating the water quality. Second, keep-
ing cattle away from the edge of the water body and planting 
grass, shrubs or trees between the river and agricultural field 
to prevent agricultural runoff directly into the river that is 
mainly responsible for the increase in the nitrate concentra-
tion. Third, the destruction of the habitat (vegetation) along 
the marginal banks of the river should be prevented during 
the construction of roads and other developmental projects. 
Fourth, over-capturing of the prawn species also causes a 
decline in the population (Le Pape et al. 2017), so catch 
value should be specified and restrictions should be strictly 
implemented until the population revives. Lastly, creating 
awareness among local masses residing in the nearby area 
to protect the river ecosystem by not discharging domes-
tic waste can make a major difference. The above measures 
should be well formulated and firmly imposed in the aquatic 
ecosystems harboring an enormous wealth of biodiversity, 
especially those that have witnessed shrinkage in the past.

Conclusion

The present study describes the influence of various lim-
nological parameters on the abundance of different prawn 
species found in three important streams of the Jammu divi-
sion. Based on the season, maximum abundance was found 
in premonsoon at all three sites due to suitable values of 
physicochemical parameters. Stationwise, maximum and 
minimum abundance was recorded from the Gho Manhasa 
stream and Chadwal stream, respectively. Chadwal stream 
showed low water quality levels as revealed through low 
dissolved oxygen levels and high values of nitrate, chloride, 
turbidity, total dissolved solids and less abundance of spe-
cies. If the water quality at this site is degraded further, it 
will have a potential impact on the population in the nearby 
future. Therefore, the integrated management framework for 
the protection of the water body as well as the conservation 

of this particular population becomes significant and should 
be applied effectively.
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