DOI: 10.53992/njns.v9i2.166  NUST Journal of Natural Sciences, Vol. 9, Issue 2, 2024

Fish growth, diversity and water quality metrics at Chashma Barrage,
Pakistan

Aziz Fatima?, Sehar Khalid?, Iqra Jabeen?, Zubaida Bibi!, Khurram Shahzad
Munawar* 23, Zahida Nasreen!

!Department of Zoology, University of Mianwali, 42200, Pakistan.
2 Department of Chemistry, University of Mianwali, 42200, Pakistan.
% Institute of Chemistry, University of Sargodha, 40100, Pakistan.

*Corresponding author’s email: khurramchemist@gmail.com
Abstract

Freshwater quality is crucial for fish growth and diversity. It is determined through biological,
chemical and physical factors. This study investigates the role of freshwaterfactors in fish
growth and diversity at Chashma Barrage. Data is collected weekly from September 2022 to
March 2023. Approved Standard Procedures of Analysis of the Association of the Chemists
(AOAC) determined different freshwater factors, includingtemperature, PH, conductivity,
salinity, chloride, dissolved oxygen, light penetration, hardness, nitrite, nitrate, TDS, and
plankton for 18 fish species. Mean and standard deviation are used to describe the data.
Shannon, Simpson, Evenness, and Richness indices are used forfish diversity. Almost all water
factors confirm the standard values for fish growth and diversity. It was observed that the
cyprinidae family with nine species is dominant. Species from Poeciliidae, Channidae,
Siluridae, Mastacembelidae, Schilbeidae, Cichlidae, Bagridae, and Clariidae families were also
captured. The Chashma Barrage environment supportsaquatic life. Although lake conditions
are optimal for fish, fish cannot grow to acceptable levels due to the lack of interest and
awareness. The species number in Barrage confirms water quality for fish growth and diversity.
By producing fish in large quantities, exports will increase, which will strengthen the economy.
Fish quality will improve human health by increasing the per capita consumption rate.
Freshwater parameters are adversely affected by anthropogenic activities. The present study
suggests that improving fish growth and diversity can attract fish farming and enhance the state
of the economy.
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Introduction

The study of the water quality factors
provides valuable information about its
biotic components. Fish is an important
freshwater biota as it is an inexpensive and
Excellent food source, providing all the

essential amino acids, fatty acids, vitamins
and minerals. Water quality variables play
a significant role in governing fish growth
and diversity. Water quality factorsinclude
chemical, physical and biological
properties. The most common factors
monitored for water quality are
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temperature, pH, hardness, alkalinity,
salinity, plankton, TDS, and conductivity
are interconnected and must be sustainable
for maximum fish  production [1].
Ammonia is easily soluble in water, and a
large amount of use can cause fish
poisoning. Plankton is swimming and
microscopic plants and animals, and feed
for fish and other aquatic animals. Nitrate
and nitrite are the sources of nitrogen for
fish. Fish use nitrogen to synthesize
biomolecules like amino acids and
nucleotides.

Fish satisfies the human demand for
protein and provides other essential
nutrients such as omega-3 fatty acids,
iodine, vitamin D, and calcium. Fishcontain
biological molecules that increase physical
and mental performance. Water is the
nutrient medium for fish growth and
survival [2]. Water quality variables
directly affect fish growth because fish get
nutrients from the water. To observe the
diversity of fish in certain areas, it is
important to understand the significance of
water's physical and chemical factors.Each
fish has a unique set of water variables to
ensure proper growth and reproduction.
Each species has its best range for its best
performance within allowable limits. All
water variables arenot fixed but change and
cause water quality degradation [2]. The
study of parameter undulation provides
knowledge about water quality and its
impact on fish diversity [3].

Pakistan has an area of 780000 hectares, of
which wetlands cover 9.7%. Twenty-three
thousand nine hundred seventy-seven fish
species exist worldwide, and Pakistan is
blessed with 171 freshwater fish species
[4]. The Indus is the largest river in
Pakistan, totaling 3200 kilometers [5]. Its
drainage area reaches one million square
kilometers. It is important to Pakistan's
economy because it supports irrigation and
fish production. The Chashma Barrage was
built with the support of the Indus
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Valley Settlement Plan. It covers an area of
34099 hectares and has an altitude of 225 m
[6]. There are 160-193 species of
freshwater fish in Pakistan and more than
80 species of fish in the Chashma Barrage.
Cyprinidae is the main family of the
Chashma Barrage. Its physical and
chemical conditions are suitable for the
growth and diversity of fish. Its pH value
is 6.5 to 7.2, which is valuable for normal
fish growth. The average temperature in
summer is 41 °C and the average in winter
is 4.5 °C [6].

The major water fauna consists of cold-
blooded organisms, so their biological
reactions depend on water temperature [7].
Among all the physical parameters of
water, the temperature is the most
significant factor for fish. It regulates the
physiological process and antioxidant
system of fish. Variations in antioxidants
result in lipid peroxidation that structurally
and functionally disrupts cell membranes

[8].

In 1993, the contribution of Pakistani fish
to animal protein was 3.8 %, but in 2013,
it dropped to 2.2%. It is found that a
decrease in annual per capita fish
consumption from 2.8 kg to 1.9 kg. The
world's per capita fish consumption is 19.9
kg, South Asia is 7.3 kg, and Pakistan is
only 1.9 kg (Pakistan Aquaculture Growth
Potential Report 2019). Chashma Barrage
has water parameters that are conducive to
fish growth. If natural conditions are
maintained and anthropological influence
is prevented, it can become a better source
of fish production in Pakistan to increase
per capita consumption.

Literature Review

The physiological effects of  water
pollution on fish by measuring the levels
of serum glucose, aspartate
aminotransferase activity (AST) and
alanine aminotransferase (ALT) were
studied [9]. Enzyme colorimetry infers that
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these are physiological indicators of water
pollution.  Sedgwick-Rafter  counting
chamber average variation was used to
study the relationship between
physicochemical variables and plankton
composition and Heterobranchus longitillis
and Hoteroclania spy [10]. The results
show that no single variable is sufficient to
promote fish growth. This study found the
distribution of fish in the Chenab River by
applying the statistical data of Simpson,
Shannon Diversity, Evenness, Margaleftaf
and Dominance, as well as the large number
of fishes observed at the Qadirabad head of
the Chenab River (Pakistan) due to the
existence of natural and artificial ponds [4].
The analysis of variance, correlation and
multiple regression analysis was used to
study the impact of water physical and
chemical factors on tilapia and observed
that all variables except pH and electrical
conductivity were inappropriate amountsof
the pond [11]. Detrending correspondence
analysis (DCA) was used to explore the
influence of physical andchemical variables
on fish diversity and concluded that
temperature is an importantparameter for
fish growth [12]. The influence of biotic
and abiotic factors was tested on fish using
the mean and standard deviation [13]. He
concluded that all water parameters are
beneficial to the growth of fish. Simpson,
Shanon, species uniformity, and richness
indices were used to study thebasic effects
of physical and chemical variables on fish
diversity [14]. The resultsof these indices
indicate that Chasma Barrage has the most
fish species. The effects of heavy metal
toxicity on fish in the Ravi River (Pakistan)
was investigated through analysis of
variance,  regression  analysis  and
correlation analysis and foundthat the liver,
kidney and gills of fish are more likely to
accumulate metals [15]. Systematic and
identification keys were used to observe
freshwater fish diversity atthe Tanda Dam
in Kohat (Pakistan). He concluded that the
decrease in fish populations was due to
pollution, illegal
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hunting, trade, and games [16]. The
biodiversity of fish in freshwater bodies of
the Suleiman Range (Pakistan) was studied
through relative abundance and explained
that the relative abundance ranges from 2.9
to 41.52, while the snow carp is a sign of
more diversity [17]. The factors on which
the growth and diversity of the fish depend
are shown in Figure 1.
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Figure 1: Factors affecting the growth and
diversity of fish

Methods and Materials

All the chemicals and reagents used in the
current work were of analytical grade and
used as received from renowned chemical
suppliers like Sigma Aldrich.

Sampling area

This study is conducted to find fish growth
and diversity at the Chashma Barrage,
constructed in 1971 at the Indus River. It is
located in the Indus River Basin, 3225 N,
71°22" E and 25km southwest of Mianwali
along the Dera Ismail Khan Highway in
Punjab. It is used for various purposes like
flood control, electricity generation, fish
production, and crop irrigation. It is a
wetland with a 225 m altitude. Its climate
is dry and subtropical, with an annual
rainfall of 300-500 mm. It supports dense
vegetation and many faunas, including
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waterfowl and Indus dolphin. 200000 birds
were recorded in 1991. The current study
selects Chashma Lake for sampling. It is
located at a distance of 13 km from
Kundian. It covers an area of 370 km? with
a longitude of 71.44, a latitude of 32.45
and an elevation of 193 m/633 feet.

Sample collection

This study takes Chashma Lake water for
analysis and completed the analysis in the
standard lab of the Fisheries Department at
Chashma Mianwali. This survey was
conducted weekly to collect fish and water
samples from Chashma Lake. Sampling
was done for 28 weeks from September
2022 to March 2023. Further, the data
collection period is winter at Chasma
Barrage and the temperature is less than 25
°C. Further environmental conditions are
discussed in Table 2. The water samplewas
taken in a plastic bottle washed with ethanol
for decontamination. Data is collected with
the collaboration of the Department of
Fisheries, Chasma Barrage and water
quality indicators analysed on every
weekend Fish farming HACH test kit with
model FF-1A, Cat NO. 2430-02 (Figure 2)
was used to test ammonia, alkalinity,
hardness, chloride, dissolved oxygen,
carbon dioxide, nitrite, and nitrate.pH was
measured through a pH strip.

22

Figure 2: The digital conductivity meter
(left) and fish farming HACH test kit (right)
for the measurement of various factors.

To observe the value of salinity, TDS,
conductivity, and temperature a digital

conductivity meter (company YSI) with
Model EC 300, serial No. JC 01764, LOT
code 09L1 was used. Light penetration
value measured by Sechi disk and Plankton
diversity was calculated by using Sedgwick
rafting chamber.

Eighteen fish species were sampled with
the aid of local fishermen by boating.
Different baits and nets were used to
capture fish.

Statistical analysis

To analyze the fish diversity and variables,
descriptive statistics were applied. Mean
and standard deviation were subjected to
identify ~a  suitable  number  of
physicochemical parameters of water.
Different indices (richness, evenness,
Shannon, and Simpson) were applied to
calculate the fish diversity and Growth.
Microsoft Excel 2010 was used as a
standard statistical software to evaluate
data statistically.

The Simpson Diversity Index was
calculated by using Equation 1:

D=N(N-1)/Zn(n-1) 1)

The Shannon Diversity Index is calculated
by Equation 2:

H=Xpi.Inpi 2

Species Evenness was calculated with the
help of Equation 3:

H/Ln(Hmax) (3)
Results and Conclusion

The descriptive statistics for fish diversity
are summarized in Table 1. The results
indicate high diversity at Chashma Lake. It
was observed that the Cyprinidae family is
dominant in the lake. This survey collected
9 species of this family.
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Table 1: Simpson, shanon, ichness, and evenness indices (Fish diversity)

Total Eish _ Simpson S_hano_n _
Sr. No. Captured Diversity Index Diversity Richness (s) Evenness
(1-D) Index (H)
1 913 0.852 2.316 18 0.801
2 992 0.852 2.311 18 0.799
3 1080 0.853 2.312 18 0.799
4 1141 0.838 2.229 18 0.771
5 1079 0.847 2.279 18 0.788
6 1141 0.838 2.229 18 0.771
7 1212 0.83 2.177 18 0.753
8 1174 0.83 2.178 18 0.753
9 1225 0.839 2.229 18 0.771
10 1177 0.832 2.189 18 0.757
11 1237 0.829 2.162 18 0.748
12 1221 0.833 2.193 18 0.758
13 1233 0.834 2.201 18 0.761
14 1240 0.836 2.214 18 0.766
15 1255 0.839 2.233 18 0.772
16 1243 0.837 2.221 18 0.768
17 1197 0.835 221 18 0.764
18 1211 0.836 2.213 18 0.765
19 1216 0.837 2.222 18 0.768
20 1223 0.836 2.216 18 0.766
21 1171 0.842 2.249 18 0.778
22 1184 0.837 2.222 18 0.768
23 1155 0.831 2.185 18 0.756
24 1088 0.833 2.196 18 0.759
25 1132 0.835 2.212 18 0.765
26 1095 0.834 2.205 18 0.762
27 1091 0.829 2.179 18 0.754
28 1063 0.831 2.192 18 0.758
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The species from other families were also
captured, one from Poeciliidae, one from
Channidae, one from Siluridae, one from
Mastacembelidae, one from Schilbeidae,
one from Cichlidae, two from Bagridae and
one from Clariidae. Simson diversity index
value ranges from 0-1, where 1 indicates
maximum diversity. This studyshows that
the value of the Simpson diversity index is
almost 0.8 for each survey, which is a good
gesture for fish diversity. Evenness
indicates the relative number of different
species. Its value ranges from 0-1. The
statistical analysisresults show a high value
of evenness ranging from 0.7-0.8. The data
of ranges for standard and current study
factors are enlisted in Table 2, while the
actualparameter values are given in Table 3.
The temperature was given the utmost
attention. Studying the diversity of the
ichthyofauna is crucial since temperature

fluctuation can control a variety of
metabolic processes in fish. Table 2
explains  that  Chashma Barrage
temperature is suitable for fish diversityand
growth because it meets the optimum or
standard value of temperature is 21.84 °C
(standard 22-24 °C). It is also foundthat in
summer parasitic infection causes high
water temperature [26]. By chemically
shifting fish metabolites towards less
hazardous compounds and by altering the
shape and activity of the accumulated
substances, low water pH may be able to
increase fish growth[27,28]. Fish exposed
to low environmental pH have been noted
to experience several negative outcomes,
including decreased growth and feed
consumption [29]. The study results depict
that Chashma Barrage water pH is 7.17
(standard 6.5-9.5) is optimum for fish
production.

Table 2: Standard and current study water factor ranges.

Factors Good Range Study Results References
Temperature 22-24°C 21.84 [18]
pH 6.5-9.5 7.17 [19]
Alkalinity 50-250 ppm 132.53 [19]
Hardness >20 ppm 133.96 [19]
Chlorides 1-100 ppm 92.14 [20]
Ammonia 0 ppm 0 [19]
TDS <0.4 ppt 0.2 [21]
CO2 <5 ppm 7.14 [19]
Conductivity 50 to 500 ps/cm 242.21 [22]
Salinity <0.5 ppt 0.1 [23]
Dissolved oxygen 5-15 ppm 7.89 [19]
Nitrite 0 ppm 0.02 [19]
Nitrate 0-40 ppm 6.08 [24]
Light penetration (cm) 35-40 cm 37.74 [25]
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Table 3: Parameter values at Chashma Barrage.
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1 22.3 7.1 | 119.7 | 154 | 90 0.001 0.18 5 235 0.1 7.5 0.02 | 5.51 35
2 2125 | 7.1 | 119.7 | 154 | 60 0.001 0.15 5 233 0.1 7.6 0.02 5.7 35
3 20.2 7.2 | 136.8 | 154 | 90 0.002 | 0.17 5 230 0.1 7.5 0.01 | 589 | 36
4 1885 | 7.3 | 119.7 | 137 | 90 0.002 | 0.19 5 227 0.1 7.5 0.01 | 6.01 37
5 175 75 | 136.8 | 120 | 60 0.002 021 | 10 | 224 0.1 7.8 0.02 | 6.12 38
6 17.4 7.2 | 119.7 | 137 | 120 | 0.001 0.22 | 10 | 227 0.1 7.6 0.01 | 6.06 38
7 17.3 6.9 | 119.7 | 154 | 90 0.001 | 0.23 | 10 | 230 0.1 8.1 0.02 | 599 | 38
8 16.4 7 136.8 | 120 | 60 0.002 0.2 10 | 235 0.1 8.3 0.02 | 6.12 41
9 155 7.1 | 153.9 | 137 | 120 | 0.001 0.17 | 10 | 239 0.1 8.5 0.01 | 6.25 45
10 15.3 7.2 | 136.8 | 154 | 90 0.001 | 0.19 | 10 | 240 0.1 8.3 0.02 | 6.38 | 44
11 15.1 7.3 | 119.7 | 120 | 120 | 0.002 0.21 | 10 | 240 0.1 8.5 0.02 6.5 44
12 16.1 7.1 | 119.7 | 120 | 90 0.002 0.23 | 10 | 240 0.1 8.2 0.02 6.2 45
13 20.1 6.9 | 136.8 | 120 | 90 0.001 0.21 | 10 | 340 0.1 8.1 0.01 5.9 42
14 23.1 7.2 | 119.7 | 137 | 120 | 0.001 0.22 | 10 | 245 0.1 8.1 0.01 6.2 43
15 22.9 7.1 | 136.8 | 137 | 90 0.002 0.19 5 224 0.1 8.3 0.02 5.8 5.6
16 26.5 7.2 | 1539 | 120 | 60 0.002 0.22 | 10 | 231 0.1 8.4 0.02 6.2 42
17 24.1 6.8 | 1539 | 120 | 90 0.001 0.21 5 235 0.1 8.1 0.01 6.1 36
18 23.2 7.3 | 119.7 | 120 | 60 0.001 0.18 5 240 0.1 7.8 0.02 5.6 36
19 255 7.3 | 136.8 | 154 | 120 | 0.002 0.17 5 248 0.1 7.8 0.02 6.1 36
20 26.7 7.2 | 136.8 | 120 | 120 | 0.001 0.17 | 10 | 247 0.1 8.1 0.01 6.5 36
21 22.4 74 | 119.7 | 137 | 90 0.001 0.21 5 260 0.1 7.8 0.01 6.4 37
22 28.3 6.9 | 136.8 | 137 | 60 0.002 0.23 5 226 0.1 7.5 0.02 6.1 38
23 25.1 7.1 | 1539 | 154 | 90 0.002 0.21 5 234 0.1 7.5 0.02 6.3 37
24 26.6 7.3 | 136.8 | 120 | 120 | 0.001 0.19 5 260 0.1 7.6 0.01 5.9 37
25 23.2 7.1 | 119.7 | 120 | 90 0.002 0.18 5 240 0.1 7.7 0.02 5.8 38
26 25.9 7.2 | 136.8 | 137 | 120 | 0.001 0.22 5 245 0.1 7.5 0.01 6.1 39
27 27.1 7.3 | 119.7 | 137 | 90 0.001 0.21 5 246 0.1 7.6 0.01 6.2 39
28 275 7.3 | 1539 | 120 | 90 0.002 0.21 5 261 0.1 7.5 0.01 6.2 39
Mean 21.8 7.2 | 1325 | 133 | 92 0 0.2 7 242 0.1 7.89 | 0.02 6.1 37
SD 4.2 0.1 | 1285 | 14 21 0.005 | 0.02 2 22 0.04 | 035 | 0.01 | 0.25 7
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The pH of the water in an aquarium can
drastically decrease due to low alkalinity,
which can Kill or severely stress fish and
have a negative impact on biofilter
performance. Total alkalinity denotes the
amount of base contained in water
(bicarbonates, carbonates, phosphates,
hydroxides, and so on). Hardness describes
the overall concentration of divalent salts
[30]. As calcium is a major part ofhardness
and is important for the Fish egg, tissues
and bones perspective, the optimum level
of water hardness is essential for fish
growth. The results of thestudy show that
Chashma Barrage hardness (133.96 ppm)
is very close to softhardness and is near the
optimum level of water hardness for fish
growth. Further,the study results show that
the alkalinity is

132.53 ppm and meets the optimum level
because the high level of alkalinity leads to
low production of fish. Findings show that
the chloride level is 92.14 ppm (optimum
level is 1-100 ppm), which supports that
fish cells may cause low nutrients due to the
high chloride, leading to loss of water.

The process of decaying organic materials
and uneaten foods produced Ammonia.
The high level of ammonia in water may
not enable fish to release ammonia from the
body and cause many organs to be
damaged. Further fish is a source of protein
for humans and high ammonia
consumption of food may cause many
diseases, which lead to coma and ultimately
death of the person [31]. This study found
ammonia level is 0.02 ppm, which confirms
that this optimum level is essential for fish
growth and human health.A low level of
TDS (0.02 ppt) confirms that the Chashma
Barrage water is beneficial for fish growth
because the highrate of TDS may disturb
the egg development and fertilization
process [32].Conductivity is the capacity of
water topass an electric current. It is one of
the basic parameters of water, which is used
asan indicator to determine the level of ions
in water. If the conductivity value becomes

high or low immediately causes pollution
[33]. The conductivity of Chashma Lake is
242.21 uS, which is suitable for growth.

Nitrite is an intermediate product of the
nitrogen cycle. Fish intakes nitrite through
gills. Its higher level may disturb various
processes of fish like the circulatory
system [34]. However, fish survive in less
concentration of nitrite. The results of this
study show that 0.02 ppm concentration of
nitrite ions supports fish growth.

Light is an important factor for the
development and growth of fish, but
different species and even different
developmental stages of the same species
have different light requirements [35].
Findings reveal that the light penetration
of Chashma Lake is 37.74 cm, which is the
most suitable for every stage of fish growth.
Salinity is a water quality variable and
essential factor in growth regulation, which
contains dissolved salt in water and other
chemical ingredients. Salinity affects the
survival rate of fish, especially at the larval
stage. It has been investigated that
minimum growth occurs in marine fish at a
low level of salinity but in freshwater fish
growth occurs at a high level of salinity
[46]. Results show that 0.10 ppt of salinity
is beneficial for fish development as well as
growth. DO has a great influence on
nutrient solubility, is necessary for the
respiration of fish and plays a significant
role in controlling the biological
characteristics of water [47]. 7.89 ppm of
dissolved oxygen is beneficial for fish
survival. Carbon dioxide is an important
gas in the respiratory process of fish. In
Chashma Lake the presence of 7.14 ppm
of carbon dioxide ensures a healthy
environment for fish as its increasing level
causes toxicity. Nitrate is the last chemical
of the nitrogen cycle. The large amount of
nitrate affects both food intake and the
survival rate of fish. Due to the use of a high
quantity of fertilizers, aquatic life isin
great danger of nitrate toxicity [38]. If the
nitrate concentration becomes high
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from the optimal range, it decreases the
growth of Fish. This study shows that
Chashma Lake has 6.08 ppm nitrate which
supports fish health because the high level
of nitrate leads to fish stress. Figure 3
shows various types of chemical analysis
to determine the water chemistry at
Chashma Barrage. Chashma Lake has 6.08
ppm nitrate which supports fish health
because the high level of nitrate leads to
fish stress. Figure 3 shows various types of
chemical analysis to determine the water
chemistry at Chashma Barrage.

Figure 3: Chemical analysis to confirm the
Chashma Barrage water chemistry.

Future Research

In this study, we observed the optimal
parameters for fish growth including
different physical and chemical analyses.
Future research may be conducted on
different cross-countries or environments

to support or falsify this research
recommendation. Future research may
consider these chemical and physical

analyses and might be able to create an
artificial environment which improves fish
growth farming.
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