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Abstract: The Halda River and Haor basins are considered unique breeding habitats for carps in
Bangladesh. The purpose of the study was to evaluate the natural spawning environment of carp
species, with an emphasis on the hydrological conditions of the Halda River, the Surma River, and
Tanguar Haor. This study, which covers the years 2021 and 2022, considered two spawning seasons.
The results revealed that temperature, total dissolved solids (TDS), salinity, turbidity, conductivity,
and pH were significantly different in the Halda River to the Surma River and Tanguar Haor. However,
sudden rainfall and upstream runoff in 2021 were deemed as major factors causing an increment
in TDS and electrical conductivity. The water pollution index was excellent in the Surma River
and Tanguar Haor, and good in the Halda River. The study reported moderately reduced IMC fry
production in 2021 because of inconsistent turbidity, high conductivity, and increased salinity which
interrupted the ideal spawning habitat. However, in 2022, the spawning environment was favorable
in the Halda River, while the Surma River and Tanguar Haor were considered to be comparatively
favorable in both years. Differences were also found in the climatic and meteorological conditions,
which revealed uneven rainfall, higher temperatures, decreasing water discharge, and low water
levels. The meteorological data also revealed that the overall rainfall showed a decreasing trend for
all sites in the last 20 years causing an interrupted water discharge. It was discovered that the amount
of carp spawn obtained in the Halda River was greater than that obtained in the Surma River and
Tanguar Haor. In terms of hydrological conditions and spawning performance, the Surma River and
Tanguar Haor were reported to have significant differences, which may be due to their geographical
location.

Keywords: natural spawning; hydrological conditions; climatic condition; carps; water pollution index

1. Introduction

Carps are the primary dominant species for aquaculture in Bangladesh as they have
high market demand, superior growth characteristics, simpler husbandry procedures, and
a more suitable farming environment compared to other fish species, which contribute to
meeting nutrient needs and increasing revenue. Indian major carps are four fish species
found in Bangladesh’s waters: Catla (Labeo catla), Rui (Labeo rohita), Mrigel (Cirrhinus
mrigala), and Kalibaush (Labeo calbasu) [1,2]. The major specialty of the Halda River is
serving as a natural source of fertilized Indian major carp eggs [3,4]. For a long time, this
area has provided the nation with organically generated carp fry [5,6]. In contrast, the
Surma River supports a wide variety of fish species that are essential to the livelihood of
the local fishing communities and other populations in this region [7,8]. In the Sylhet Sadar
section of the Surma River alone, 51 fish species from 16 taxonomic families have been
discovered [8,9]. Haor basins are both commercially and ecologically significant hotspots for
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capture fisheries [10,11]. The aquatic environment is characterized by a complex interplay
of physical and biological processes, and changes do not take place in a vacuum. In contrast,
an ecosystem frequently changes over time as animals adapt to their environment [12,13].
River contamination has recently become a global crisis [14,15]. The contamination is
caused by a variety of anthropogenic activities, including pollution and the haphazard
construction of dams, rubber dams, and sluice gates that cause stress to fish and hinder
migration [7,16]. Over time, this degradation of water quality makes it unsuitable for
fish, which ultimately reduces fish output. Water contamination from various industries,
household garbage, and agrochemicals are major issues in Bangladesh [17,18]. All living
things have tolerance levels for water quality within which they can function at their
best [19]. Therefore, fish require good water quality to survive and grow [20]. Water quality
management is thus a crucial step that must be addressed to meet the current demand for
food supply from capture fishery [21]. Any alterations to these physicochemical parameters
may have an impact on the fish’s growth, maturation, and development [22,23]. The criteria
governing water quality have a direct impact on the success of fish spawning, growth,
recruitment, and survival. When carp species find appropriate conditions, such as heavy
rainfall, runoff from hilly water, thunderstorms, strong velocities, and high currents in
river water, they begin to lay eggs [24,25]. Due to a variety of natural factors, mostly
climatic and meteorological conditions, spawning habitats are expected to disappear or
become extinct soon [7,26]. Several studies have shown that climate change has indirect
effects on the productivity, structure, and composition of aquatic ecosystems, which fish
rely on for food and shelter, as well as direct effects on the physiology, behavior, growth,
reproduction, mortality, and distribution of organisms [27–29]. The hydrological conditions
of the water body have a great influence on the spawning of the fish species. Researchers
found that hydrological conditions influence salmonid spawning in four distinct phases:
pre-spawning, nest construction, spawning, egg burial, and embryo survival [30]. It was
observed that very few studies were conducted on the effects of hydrological conditions on
the natural spawning of the carp species. General water quality was assessed by different
researchers, but direct involvement with the natural spawning under physicochemical
conditions and climatic interferences was not evaluated. The novelty of the present research
was to evaluate the correlation between the carp spawning and hydrological conditions
of the Sylhet Haor basin and Halda River. This aim of this research was to identify the
potential environmental variations in the different spawning grounds of Indian major
carps, and to analyze their effect on spawning performance, i.e., eggs and fry production.
This research was also intended to explore the effect of climate change on fry and eggs
production of IMCs at the studied sites.

2. Materials and Methods
2.1. Study Area and Duration

The study was conducted in three of the most important water bodies for the natural
spawning of indigenous fish species. The Halda River is the pure gene pool of the major
carp in the Chittagong district [31]; the Surma River is the larger Haor basin of the Surma-
Meghna River System; and the Tanguar Haor is a Ramsar site. The Surma River and
Tanguar Haor in the Sylhet Haor basin were chosen for the study because it was known
that natural spawning grounds for carp species were once available in the various rivers of
greater Sylhet, including the Surma, Kushiara, and Monu Rivers. The most distinctive river,
the Halda, was also chosen because it is known as the “pure gene pool” of Bangladesh [25].
The Halda River flows through Fatikchari, Bujpur, Hathazari, Raozan, and Chandgaon
Upazila (sub-district) before discharging into the Karnafuli River from the Badnatali Hill
ranges of Ramgarh Upazila. The Halda River, an extremely turbulent tributary of the 81 km
(50 miles) long river, enters Purba Dhalai around 48 km (30 miles) downstream. Big boats
can travel the river up to Nazir Hat for 29 km (18 miles), while small boats can travel the last
16 to 24 km (9.9 to 14.9 miles) to Narayanhat. The Halda is 30 feet (9.1 m) deep at its deepest
point and averages 21 feet (6.4 m) in depth. The Surma River is part of the Surma-Meghna
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River System, which originates from the Barak River in northeast India and ends in the
Kishoreganj District. Tanguar Haor, a special wetland environment of national significance
in Bangladesh that covers Dharmapasha and Tahirpur Upazilas of the Sunamganj district,
has gained attention on a global scale. The Surma River has a maximum depth of 550 feet
(170 m) with an average depth of 282 feet (86 m) and the Tanguar Haor occupied an area of
around 100 km2 (39 square miles), comprising 46 settlements that make up the Haor, of
which 2802.36 ha2 are wetland. More than 40,000 people rely on it for their daily sustenance.
It was designated an ecologically sensitive area by Bangladesh in 1999 due to the area’s dire
state caused by the overuse of its natural resources. The current research locations were
selected by collaborating with the local Upazila Fisheries Office, the fisher’s community,
other stakeholders, and previous research studies based on spawn fisher aggregation and
potentially active spawning grounds areas (Figure 1).
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Figure 1. Map showing sampling stations in the study area at the Halda River and Haor basins of
Sylhet.

Every year, between April and June, between the full and new moons, the spawning
season for the carp species occurs. Considering these circumstances, the research’s target
months were March through August to monitor the hydrological aspects of each station’s
spawning environment. To obtain accurate results, the study was conducted across two
spawning periods (March through August) in 2021 and 2022. Each station has four transects
available to collect water samples (Table 1).
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Table 1. Target list of the study duration and sampling area.

Years Months Stations Transects

2021–2022

1. March
2. April
3. May
4. June
5. July
6. August

1. Halda River
2. Surma River
3. Tanguar Haor

4. T1 (Maduna ghat)
5. T2 (Ramdas Hat)
6. T3 (Gorduara)
7. T4 (Sattar ghat)
8. T5 (Muradpur bazar)
9. T6 (Hajipur)
10. T7 (Vurvuri dor)
11. T8 (Chankhair)
12. T9 (Gulabari-Joypur)
13. T10 (Beshkhali

Gulduba)
14. T11 (Alam duar)
15. T12 (Rowa beel)

2.2. Water Quality Measurement

With 15-day intervals, each month, the vital physicochemical indicators of water
quality, including dissolved oxygen (DO), pH value, temperature, turbidity, total dissolved
solids (TDS), electrical conductivity, salinity, and ammonia, were measured. Water samples
were taken in a plastic bottle that was filled to the top, and the cap was tightly closed to
prevent any air from escaping, minimizing the possibility of chemical alterations. Water
quality was assessed with the help of IDF Hatchery, Halda River Research Laboratory, and
SAU Mini Hatchery. However, three measurements of the water quality were made during
the spawning period in a single day. These physicochemical parameters were quantified
using a 2100Q Hack multimeter, a pH probe from PHC 101, a DO probe from HACH HQ40d,
an amber bottle, a beaker, a Secchi disk, and a multi-parameter with a CDC-401 probe.
For many industrial and municipal applications, measuring and monitoring turbidity is
essential. Hach’s 2100Q Portable Turbidimeter offers unmatched precision and usability.
The 2100Q’s user-friendly interface makes it simple to take measurements and carry out
calibration and verification. For objectives related to water quality, the environment, and
treatment processes, the HACH HQ40d portable meters can connect with a wide variety of
Intellical smart electrodes that address various parameters, sample types, and operational
environments. To save errors and setup time, the Intellical probe automatically detects the
testing parameter and stores the calibration history and procedure settings. The collected
water sample was carried to the lab and analyzed using these multi-parameters, and
ammonia was measured by HACH ammonia kit box.

2.3. Secondary Data Collection for Cross Check and Correlation

A brief scenario of the environmental data collection site is presented in Table 2. The
secondary information on egg and fry production over the last 20 years was collected
from the HRRL (Halda River Research Laboratory). The important environmental data
information on temperature, rainfall, discharge, and the water level was collected from
the Power Data Access Viewer of NASA and www.hydrology.bwdb.gov.bd (accessed on
21 June 2022) for the last 20 years. For further information, secondary data were collected
from different journals, articles, books, newspapers, etc., to validate the metadata table
more accurately.

www.hydrology.bwdb.gov.bd
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Table 2. The brief scenario of the environmental data collection sites.

Data Type River/Water Area Station

Water Level
Halda Panchpukuria (SW119.1)

Surma-Meghna Sylhet (SW267)
Jadukata Laurergarh Saktiarkhola (SW131.5)

Discharge
Halda Panchpukuria (SW119.1)

Surma-Meghna Sylhet (SW267)
Jadukata Laurergarh Saktiarkhola (SW131.5)

Rainfall
- Fatikchari (CL311)
- Sylhet (CL128)
- Laurergarh (CL49)

2.4. Estimation of the WPI (Water Pollution Index)

The obtained data were utilized to calculate the water pollution level in river water
and then compare it to the standard value of WPI (Table 3). The WPI is calculated as
follows.

Table 3. The score of the WPI to justify the water pollution level [32].

Grade Value

Excellent <0.5
Good 0.5–0.75

Mandatory polluted 0.75–1
Extremely polluted >1

WPI =1/n ∑n
i=0 PLi; where, Pli represents the total load of the pollution of the ith

parameter to be determined from river water quality data collected once a month, while n
denotes the number of research parameters that were studied.

2.5. Data Analysis

The collected data was suitably formatted, processed, and compiled before statistical
analysis. Digital mapping by Google Earth Pro for satellite data collection was done using
the data obtained from the field study, and then ArcGIS 10.8 and ArcMap 10.8 were used
to generate the map and visualization of the study area. Microsoft Excel (2010), SPSS (22),
and R-studio were used for statistical analysis and interpretation of raw data. For data
presentation, a correlation matrix, ridgeline plots, and a box plot were properly created.
Following analysis, data were pooled and displayed in a variety of charts and tabular
formats.

3. Results
3.1. Spatial Variation in Water Quality Parameters

The one-way ANOVA statistical analysis showed that the temperature, TDS, salinity,
turbidity, conductivity, and pH were significantly different in the Halda River to the Surma
River and Tanguar Haor (Table 4). Only DO and ammonia showed no significant difference
between the Halda River, Surma River, and Tanguar Haor.
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Table 4. Water quality parameters of different sampling stations during the study period.

Parameters Standard Value
Station

Halda River Surma River Tanguar Haor

Temperature
(◦C) 20–30 [33] 30.69 ± 0.13 a 29.73 ± 0.20 b 29.73 ± 0.20 b

DO (mg/L) 4–6 [34] 5.87 ± 0.12 a 5.80 ± 0.12 a 5.90 ± 0.11 a

TDS (mg/L) <400 [34] 108.85 ± 15.57 a 40.05 ± 0.77 b 38.81 ± 0.60 b

Salinity (ppt) - 0.08 ± 0.11 a 0.023 ± 0.003 b 0.019 ± 0.001 b

Turbidity (cm) - 128.03 ± 12.53 a 21.55 ± 0.67 b 20.71 ± 0.29 b

Conductivity
(µS/cm) 800–1000 [35] 176 ± 17 a 85 ± 0.5 b 85 ± 0.9 b

pH 6.5–8.5 [32,36] 7.02 ± 0.04 a 6.80 ± 0.29 b 6.97 ± 0.31 b

Ammonia
(mg/L) - 0.18 ± 0.02 a 0.18 ± 0.04 a 0.18 ± 0.02 a

The same superscript in the same row refers to figures that are not significantly different. Values are mean ± SE
(standard error).

3.2. Temporal Variation in Water Quality Parameters

In the year 2021, the highest temperature was 32 ◦C and the lowest temperature was
28 ◦C.; while in the year 2022, the maximum temperature was 32 ◦C and the minimum tem-
perature was 26 ◦C. It was observed that the highest temperature was in March (32–31 ◦C)
and the lowest in June and July (28–26 ◦C) (Figure 2A,B). During the research period, the
dissolved oxygen level reached a maximum of 7.71 mg/L and a minimum of 4 mg/L
(indicating an increase in anaerobic conditions, i.e., oxygen consumption). In the year 2022,
the maximum DO was 7.3 mg/L and the minimum DO was 4.8 mg/L. It was observed
that the highest DO was in March and June (7.5 mg/L) and the lowest in April and July
(4.5 mg/L) (Figure 2C,D). The obtained results revealed that the TDS was at a maximum of
761 mg/L and a minimum of 31 mg/L in the year 2021. Moreover, in the year 2022, the
maximum TDS was 105 mg/L and the minimum TDS was 32 mg/L. It was observed that
the highest TDS was in March and June (600 mg/L) and the lowest in May and August
(80 mg/L) (Figure 2E,F). The maximum salinity was 0.77 mg/L and the minimum salinity
was 0.0 mg/L in the year 2021. Meanwhile, in the year 2022, the maximum salinity was
0.07 mg/L and the minimum salinity was 0.0 mg/L. It was noted that the highest salinity
was in May (0.77 mg/L) and the lowest in August (0.01 mg/L) (Figure 2G,H). However, all
salinity values are very low. The maximum turbidity was 461 mg/L, and the minimum
turbidity was 17 mg/L in the year 2021. In comparison, in the year 2022, the maximum
turbidity was 125 mg/L and the minimum turbidity was 17 mg/L. It was observed that
the highest turbidity was in May, June, and July, and the lowest was in August (Figure 2I,J).
A comparison of the values of TDS and turbidity indicated that only part of the turbidity
results from mineral components, as represented in the TDS. Thus, other parts must be of
organic origin.

The observation of the year 2021 found that the maximum conductivity was 737 µS/cm
and the minimum conductivity was 78.9 µS/cm; the unexpected increment was associated
with sudden rainfall and upstream runoff. In 2022, however, the maximum conductivity
was 200 µS/cm, and the minimum conductivity was 80 µS/cm. It was observed that the
highest conductivity was in June and the lowest was in August (Figure 2K,L). However,
from our point of view, the cited values do not fit with the values in the table. The pH
values did not vary to a large extent, and they represent neutral water conditions. The
maximum pH was 7.5 in 2021, and the minimum pH was 6, while in the year 2022, the
maximum pH was 7.54 and the minimum pH was 6.3. It was observed that the highest
pH was in August and the lowest in March (Figure 2M,N). Regardless of the outcome, the
ammonia concentration in the study area was optimal in 2021 and 2022. The maximum
ammonia concentration in 2021 was 0.2 mg/L, and the minimum ammonia concentration
was 0.16 mg/L.; likewise, in 2022, the maximum ammonia was 0.2 mg/L and the minimum
ammonia was 0.16 mg/L, thus the values do not represent a variation. It was discovered
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that the ammonia was in the optimum range for the duration of the study and was found
to be equal in every study site (Figure 2O,P).
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3.3. WPI (Water Pollution Index) Conditions of the Carp Spawning Environment

The results demonstrated that the WPI of the Halda River was 0.534, which was >0.5,
indicating overall good river water quality. However, the water quality of the Surma River
and Tanguar Haor was <0.5, which denoted that the water quality was excellent for carp
spawning (Figure 3).
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3.4. Climatic Conditions of the Carp Spawning Area

Acquired meteorological 20-year (2002–2022) data from the Power Data Access Viewer
and the Bangladesh Water Development Board (BWDB) showed that the temperature was
higher during the study period in all selected study areas. The results also revealed that
rainfall has decreased in the last 20 years. In the case of Surma River and Tanguar Haor,
the linear regression represents a straight line for rainfall (Figure 4).

Water 2023, 15, 855 11 of 20 
 

 

  
  

Figure 4. Graphical representation of the yearly mean temperature (a) and rainfall (b) value of the 
last 20 years of the study area. 

The discharge of river water is mostly dependent on the climatic conditions of the 
adjacent area. Increased rainfall causes more dissipation, which increases water velocity 
and flow. The results revealed that the water deficit is decreasing linearly, which indicates 
a decrease in rainfall in the referred period The water level is also affected by rainfall and 
discharge. The results showed that the water level decreased day by day, and the water 
level of the Halda River was in critical condition (Figure 5). 

Figure 4. Graphical representation of the yearly mean temperature (a) and rainfall (b) value of the
last 20 years of the study area.

The discharge of river water is mostly dependent on the climatic conditions of the
adjacent area. Increased rainfall causes more dissipation, which increases water velocity
and flow. The results revealed that the water deficit is decreasing linearly, which indicates
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a decrease in rainfall in the referred period The water level is also affected by rainfall and
discharge. The results showed that the water level decreased day by day, and the water
level of the Halda River was in critical condition (Figure 5).
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3.5. Spawning Performance of Carps

The present study showed that the collected spawn was highest in the Halda River
area and lowest in the Tanguar Haor area (Figure 6). The spawning environment was
favorable in the Surma River and Tanguar Haor area, but there may have been a shortage
of carp brood fish, or the spawning grounds may have migrated from previous spawning
grounds. The radar graph showed zero tendencies for Tanguar Haor and the Surma River.
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The principal component analysis between the different water quality parameters at
selected stations and the carp spawning performance is presented in Figure 7 Temperature,
ammonia, DO, and pH have long-term positive and negative associations with the first
and second components, respectively, while salinity, TDS, conductivity, and turbidity have
a short-term positive relationship with components 3 and 4 (Figure 7a), which indicates
that the most station-wise varied parameters were salinity, TDS, conductivity, and turbidity.
It was also revealed that salinity, TDS, conductivity, and turbidity have a strong positive
long-term association with spawning. In contrast, temperature and ammonia showed a
long-term negative association, probably because ammonia is toxic to fish, and DO and pH
showed an optimum range for spawning (Figure 7b).
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The data acquired from the Halda River Research Laboratory (HRRL) suggested that
the state of carp egg and fry production was fluctuating. In the present investigation, it
was revealed that fertilized eggs and fry were collected at a total of 8580 kg and 105.73 kg
in 2021, and 7200 kg and 129 kg in 2022 (Figure 8). In the present study, data obtained
from HRRL indicated that carp egg and fry production varied. It was found that the egg
and fry production of the Halda River was very poor in the years 2015, 2016, and 2017
(Figure 8). It was also observed that the production in the Halda River was higher in
2018–2020 than in 2017–2016 (Figure 8). The decrease in carp egg and fry production in the
Halda River during the study period compared to the previous year could be attributed
to the devastating effects of climate change and unfavorable spawning conditions. The
study found that climate changes caused a measurable reduction in egg and fry production.
However, no considerable correlation between time series and egg and fry production was
reported (Figure 7C,D).
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Figure 8. Status of carp fertilized egg and fry production over the last 22 years in the Halda River
(A,B), and correlation between time series and eggs and fry production (C,D).

3.6. Framework to Visualize the Hydrological Conditions for the Spawning of Carp Species

Every year, between April and June, during the full and new moons, the IMC species
spawn in the Halda River. Carp species begin to lay eggs when they encounter favorable
conditions, including heavy rainfall, runoff from mountain water, thunderstorms, high
velocity, and strong currents in river water. The framework’s findings concluded that
favorable climatic, environmental, and physicochemical conditions trigger the reproductive
physiology of carp species, ultimately increasing spawning success (Figure 9).
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Figure 9. Framework showing the relationship between hydrological conditions and carp spawning
success.
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4. Discussion

The interconnection of water parameters in a river environment provides important
information sources and parameter paths [37]. The very strong relationships show that
the parameters come from the same sources, namely industrial effluents, household trash,
and agro-farm-based wastes. Additionally, fairly strong and negative correlations were
noticed between TDS, salinity, turbidity, and conductivity; pH vs. DO; and negative
relations between ammonia vs salinity, turbidity, and pH in river water. Hacioglu and
Dulger [38] found in their research that temperature and DO are inversely related. The
ranges of DO values were found to be maintained below or above standard levels, which
may be due to high temperatures. An increase in water salinity drives major fluctuations
in the physicochemical parameters of the aquatic environment, which eventually impacts
the aquatic flora and fauna [39]. Patra and Azadi [5] studied the effects of hydrological
conditions on the Halda River during the spawning period of carp species. They found
that the spawning of IMCs in the Halda River took place at a moderate temperature. It was
discovered that the air and water temperatures were a little lower during the spawning
phase than they were at other times. They also proposed that IMC spawning was driven
by lower water temperatures (25–28 ◦C) in the Halda River. It was discovered that the
DO value ranges were kept below or above the normal, which may be related to the high
temperatures in the case of DO 6–9 mg/L having an impact on IMC spawning in the
Halda River. They also noted that during the spawning season the high velocity of water
and associated high turbidity (400–1500 ppm) affects the spawning of IMCs in the Halda
River. Recent research has found that the Halda River’s turbidity was inadequate for IMC
spawning. According to their observations, it was also clear that the conductivity was low
during the spawning time because it was diluted by the influx of rainwater. Low water
conductivity (35.9–168.98 µS /cm) in the Halda River favored the spawning activities of
IMCs [40,41]. A value of conductivity between 140 and 200 µS /cm has been reported for
the same habitat by Akter and Ali [42]. A value of EC between 60 and 110 µS/cm has
been reported for Tanguar Haor [43], while it has fluctuated between 54 and 320 µS/cm
depending on the season and location [44]. Several researchers found that the Halda River’s
water temperature during the breeding season ranged between 28 and 29 ◦C, which seems
ideal for aquatic life [45,46]. However, the findings of this study indicated that during the
spawning season, the water temperature in the analyzed location was greater in the Halda
River but suitable in the Surma River and Tanguar Haor. It should be a motivating element
for the carp species’ spawning. According to Bhuyn et al. [47], DO levels below 5 mg/L
have a negative effect on aquatic life, and <2 mg/L cause fish deaths. In several studies, it
has been well-established that there is an inverse relationship between temperature and
DO [48]. TDS implies the presence of many minerals in the water body, including nitrite,
nitrate, ammonia, phosphate, sulfate, certain acids, alkalis, etc. [49]. The range provided by
Bhatnagar and Devi [46] does not result in a decreased rate of fish breeding; the acceptable
and optimal TDS values are 2000 mg/L and 500 mg/L, respectively. According to Hossen
et al. [50], the Halda River introduces the most salt intrusion during the dry season, while
in the rainy season, the rainwater dilutes the salinity. Salinity incursion is most noticeable
between January and March, and less so between April and July [51]. The salinity of the
Halda River ranged from 0.018 ppt in March to 0.06 ppm at its maximum during the dry
season [51]. The findings of the current study indicate that the lack of rainfall and the
impact of Cyclone Yaas during the spawning season resulted in a modest rise in the salinity
of the Halda River. This might have indirectly affected the recent spawning of IMCs. The
physicochemical parameters of the aquatic environment were altered by a rise in water
salinity, which ultimately had an impact on the aquatic flora and fauna [45,52]. According to
Armstead et al. [53], higher conductivity denotes greater water contamination. According
to the current finding, the four Halda River sampling stations have greater conductivities
than average, indicating that the river is salinized. The pH remained fairly alkaline and
well-ranged to support aquatic growth [54]. Patra and Azadi [5] remarked that pH is a
considerable factor in controlling the quality of water. They also observed that the pH level
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of the Halda River falls due to the inflow of turbid rain, which is beneficial for spawning.
The slightly acidic environment of the water body is ideal for the successful fertilization of
the freed egg and milt. They added that the Halda River’s lower pH (6.2–6.8) encourages
carp species to spawn. According to Karim et al. [55], the pH range of the Halda River’s
water is 7.08 to 7.65, and it is usually alkaline. They added that minor pH fluctuations
did not affect fish habitat. The standard limits established for fisheries at the Hetimganj
site were found to be met for temperature, turbidity, DO, CO2, pH, chloride, nitrite, and
acidity, while TDS, alkalinity, and hardness were reported low, which was associated with
the rainy season. Recent research has also concluded that the water quality of the Surma
River has deteriorated, as presented by the increased values of TDS, pH, and turbidity [56].
The seasonal variation of the water quality of the Surma River and Tanguar Haor were also
found to be within the norm established by the FAO, WHO, DoE [57]. This study showed
that the water quality value of the Surma River during the spawning period was favorable.
Mamun et al. [58] stated that the water quality of the Tanguar Haor is favorable for carp
spawning.

The new investigation was conducted during unfavorable weather, with high tem-
peratures and little rain. However, the study site’s water quality was acceptable for carp
species to spawn. The carp spawning may be hampered by extremely low and high rainfall
levels. Akhtar et al. [59] observed that the fluctuation of the weather, higher temperatures,
uneven rainfall, and reduced water currents made the spawning time unpredictable. The
final results of the present study discovered that the hydrological conditions of the three
studied areas varied during the spawning period of the carp species. It also showed that
the hydrological condition of the Halda River was higher than that of the Surma River
and Tanguar Haor area. However, the variation between the Surma River and Tanguar
Haor was not significantly different. This may be the effect of the geological setting that is
represented by the difference in shales, siltation, and the stony layer of the Surma Group
in the Surma River [60], and a stratigraphic sequence of silt, sand, gravel, and clay, and
pebbly sandstone in Tanguar Haor [61].

The Halda River is the country’s pure gene pool for the natural spawning of the carp
species. However, the Surma River and Tanguar Haor have great possibilities for the
natural spawning of carp species because of the favorable water environment and vast
water area. This could provide a combined study area for the natural spawning of carp
species for future researchers.

5. Conclusions

The carp species have specific needs for a favorable spawning environment with suit-
able hydrological conditions for successful spawning. The findings revealed that most of
the physicochemical conditions in the study area differed significantly between the Halda
River, the Surma River, and Tanguar Haor. Differences in climatic and meteorological
conditions, such as turbidity, high conductivity, increased salinity, and higher tempera-
tures, which were shown to be considerably different from the ideal spawning habitat,
prevented IMC from successfully spawning in the Halda River in 2021, according to the
study. Nevertheless, the spawning environment in 2022 was favorable. The Surma River
and Tanguar Haor had a very low water pollution index, which provided the carp species
with an ideal natural spawning environment. However, spawning efficiency in the Tan-
guar Haor and the Surma River was lower. All of the variations among the three study
regions could be a result of the location and accessibility of the brood fish. The natural
spawning of carp species will be encouraged by effective river management that generates
an environmentally friendly spawning environment.
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