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Introduction

Like other low-lying

Abstract

Climate change and sea-level rise cause seawater intrusion into freshwater
ecosystems, risking increased salinity exposure for freshwater fish, endangering their
long-term sustenance. To understand the effects of environmentally realistic increase
in salinity exposure on freshwater fish, a total of 120 banded gourami, Trichogaster
fasciata ( 8.54 g average initial weight) were exposed to four different salinities (0, 3,
6, and 9%o) for 90 days. The weight gain and specific growth rate values were
significantly higher in the fish exposed to 3%, compared to 0%o, and the lowest feed
conversion ratio and survival rate were recorded in 3%o and 9%o, respectively. The
blood glucose and hemoglobin contents were found to be significantly higher and
lower at 9%. after 30 and 60 days, respectively, relative to 0%.. Moreover, significant
low red blood cell counts were found at 6 and 9%. after 30 and 90 days, respectively.
Whereas, the white blood cell counts showed an opposite trend. Abnormalities of
erythrocyte shape were significantly higher at 9%., compared to 0%o.. Results suggest
that long-term exposure to high salinity (6, and 9%.) would cause osmotic stress and
impair the physiological performance of freshwater gourami.

in the future (Islam et al., 2005). Moreover, the river
water flow was reduced due to the unplanned

countries, the construction of dams the upstream and withdrawal of

freshwater ecosystems of Bangladesh are vulnerable to
salinity intrusion. Sea levels rise due to climate change
along with the increased frequency of some natural
events namely storm surges and cyclones, which are
believed to play an important role in coastal salinity
intrusion (Rabbani et al., 2013; McCarthy et al., 2001).
This salinity intrusion into the coastal areas of
Bangladesh is already distressing the fertility of
agricultural land and the sustainability of agricultural
production, which will hamper food security and safety

Published by Central Fisheries Research Institute (SUMAE) Trabzon, Turkey.

freshwater for irrigation. These problems intensify
during winter and dry seasons. This ultimately results in
increased water salinity in freshwater and brackish
water areas all over the world, especially in Bangladesh.
Over the last few decades, agricultural activities have
been replaced by shrimp aquaculture in vast coastal
areas by allowing saline water entry into a previously
freshwater environment (Ahmed, 2013). Increased
water salinity alters the physical environment of coastal
ecosystems, which may have negative impacts on
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aquatic organisms. Over the last four decades, water
salinity levels have increased by around 26% in the
coastal regions of Bangladesh (Alam et al., 2017). It is
assumed that in the near future, the freshwater zone of
Bangladesh will reduce from 45% to 36%, the brackish
water zone will reduce from 50% to 47%, and the
saltwater zone will increase from 5% to 17% (Rahman et
al., 2015).

For coastal areas, both natural and anthropogenic
ally-driven salinity intrusion is a serious problem
(Shameem et al., 2015). Bangladesh's coastal areas are
diverse and competing in terms of land-use change;
shrimp production is one of the noticeable land-use
practices as saline intrusion increases (Nuruzzaman et
al., 2014; Shameem et al., 2015). For Bangladesh coastal
areas, increased salinity and saline water intrusion are
emerging problems in coastal areas where land-
use changes appear to be affecting aquaculture and liv
elihoods (Hasan et al.,, 2020; Selim et al.,, 2021).
Furthermore, as a result of saline water intrusion, a new
environmental burden has emerged, with significant
implications for aquatic biodiversity (Lai et al., 2015;
Smaijgl et al., 2015; Li et al., 2017; Saintilan et al., 2019).

Water salinity plays a significant role in affecting
the survival and different physiological processes of
aquatic organisms (Saravanan et al.,, 2018). Elevated
salinity has been found to affect growth performance
(Boeuf and Payan, 2001; Denson et al., 2003; Deane and
Woo, 2009; Lowe et al, 2012; Nhan, 2016),
osmoregulation, physiology, and stress responses
(Gonzalez, 2012; Ytrestgyl et al.,, 2020), hemato-
biochemical parameters (El-Leithy et al., 2019; Evans
and Kiiltz, 2020; Dawood et al., 2022) and erythrocyte
structure of a range of freshwater species important for
both ecosystem and aquaculture (Jahan et al., 2019).
For migratory fish, they were found to require more
energy during migration from freshwater to saline water
for adaptation which affects fish growth. To minimize
energy expenditure for osmoregulation, and to ensure
better growth performance, fish need optimum
salinities (Boeuf and Payan, 2001; Ytrestgyl et al., 2020;
Islam et al., 2020d, 2021b). Most freshwater fish is
stenohaline and more susceptible to increased salinity
which results in reduced growth and physiological
performance (Bceuf and Payan, 2001).

Osmotic stress impacts in fish can be revealed by
measuring a range of blood components and
parameters (Maugars et al., 2018; Islam et al., 2021c).
Hematological parameters are frequently considered an
essential tool to assess the health condition as well as
physiological stress caused by any internal or external
factors that affect homeostasis in fish (Shahjahan et al.,
2022). Fish blood is easy to collect and provides enough
information about the physiological response of fish to
environmental variations (Lohner et al., 2001; Cazenave
et al., 2005; Elahee and Bhagwant, 2007; Sharmin et al.,
2015; Salam et al., 2015). Recently, nuclear and cellular
abnormalities of blood erythrocyte tests are being used
to appraise the stress response to environmental

changes (Shahjahan et al., 2013; Ashaf-Ud-Doulah et al.,
2019; Islam et al., 2021a, 2021b, 2021c), which can be
employed to unveil osmotic stress response in fish
(Islam et al., 2021b).

Banded gourami, Trichogaster fasciata is a
freshwater and estuarine tropical labyrinth fish of the
Osphronemidae family (Sumon et al., 2019). It is an
indigenous species and is widely distributed throughout
the Indian sub-continent: Bangladesh (Sumon et al.,
2016), Bhutan (Sehgal, 2015), India, Nepal, and Pakistan
(Gupta, 2015). This fish is benthopelagic and
carnivorous; generally prefers weedy littoral waters
namely estuaries, lakes ponds, ditches, and rivers
(Rahman et al., 2019). This species is considered an
important target species for small-scale fishermen, who
use a variety of traditional fishing gear (Kibria et al,,
2005). This fish acts as an important protein source for
people in Bangladesh and India (Rahman et al., 2019).
Moreover, this fish species is used as a peaceful and
beautiful aquarium fish, and traditionally, people like its
good taste (Rahman et al., 2019). Moreover, banded
gourami, Trichogaster fasciata is extensively utilized for
various exposure studies (Sumon et al., 2016; 2019).
Because of its short generation time, easy acclimation
capacity, and availability of induced breeding
techniques, this fish is considered suitable for aquatic
research (Sumon et al., 2019). To date, there is no
information on the growth and physiological fitness
during exposure to climate change-induced salinity
intrusion. Thus, a better understanding of potential
compensatory measures and response mechanisms for
banded gourami to saline water-induced osmotic stress
is critical. In this study, experiments are conducted to
demonstrate how environmentally realistic variable
salinities over set periods affect the growth and
physiological fitness of this fish species. It was
hypothesized that the banded gourami would perform
entirely within the range of optimal osmotic conditions,
but that at stressful salinities, it may face growth and
physiological constraints. Such changes may result in
decreased growth performance, which may have an
impact on banded gourami productivity. A series of
hemato-biochemical parameters were measured to test
the hypothesis. Individual fitness was determined by
measuring growth performance, while stress responses
were determined by examining hemato-biochemical
parameters.

Materials and Methods
Experimental Fish

The fish were collected from a natural marshland
(Borbeel, Kishorgonj, Bangladesh). The average initial
weight and length were 8.54+0.58 g and 7.37+0.45 cm,
respectively. T. fasciata was then transported alive in
well-oxygenated polythene bags to the Wet Laboratory
of the Faculty of Fisheries, Bangladesh Agricultural
University, and was kept in a cement cistern with a
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continuous water supply. The fish were acclimatized at
24+0.5°C under a controlled photoperiod regimen
(12:12h, light: dark) for 21 days before the onset of the
experiment. The fish were fed with a commercial diet
(Mega Fish Feeds Ltd., Bangladesh; 32% crude protein,
13% moisture, 6% lipid, 13% ash, and 12% crude fiber)
twice a day (9:00 and 16:00 hours) up to satiation.

Experimental Setup

After 21 days of acclimatization, the fish were
exposed to four different salinities in triplicates: 0%o
(control), 3%o, 6%0, and 9% for 90 days based on
previously estimated LC50 (11.59%s.). A total of 120 fish
were allocated in twelve 70 L plastic drums filled with
water at designated salinities. Three plastic drums were
used to prepare water for three salinities (3, 6, 9%so)
separately. Thermostatic titanium water heaters
(Hygger) were used to maintain the constant
temperature (24+0.5°C). Each tank was connected to a
continuous aeration system. Fish were fed twice a day
up to satiation. Unfed feed and fecal wastes were
siphoned daily. For each tank, water was exchanged
once a week with previously prepared temperature and
salinity-adjusted water. Fish were sampled on days 30,
60, and 90 of the experiment. Nine fish were sampled
from each saline water treatment. The experiment was
conducted following the guidelines of the Animal Care
and Use Committee of the Faculty of Fisheries,
Bangladesh  Agricultural University, Mymensingh,
Bangladesh.

Growth and Survival

On each sampling day, fish length and weight were
recorded to calculate growth performance and feed
utilization efficiency as weight gain (WG), specific
growth rate (SGR), and feed conversion ratio (FCR) as
follows:

Weight gain (WG) = Final weight (g) — initial weight (g)

In final weight (g)- In initial weight (g) 1
Number of days

Specific growth rate (SGR;%)= 00

Feed given (dry weight)

Feed conversion ratio (FCR) = Weight gain (wet weight)

Number of fish that survived at the end
of the experiment x100
Initial number of fish stocked

Survival rate (%)

Measurement of Hemato-biochemical Parameters

On each sampling day (days 30, 60, and 90), the
sampled fish (n=9) were anesthetized using MS-222 (5
mg/L) at pH ~7.0. From each fish, around 80 pL of blood
was collected with the EDTA-rinsed plastic syringe
through the caudal vein puncture and preserved in
Eppendorf tubes containing anticoagulant 5 uL of EDTA

(20 mM). To minimize handling stress the whole blood
collection process was finished within 5 minutes (Ariful
etal., 2019). The total count of RBCs and WBCs was done
by the established Neubauer hemocytometer counting
method (Ariful et al., 2019). Blood glucose and
hemoglobin were measured by using a digital blood
hemoglobin-glucose meter [EasyMate® GCHb (Taoyuan
City, Taiwan)], a dual-function monitoring system using
glucose and hemoglobin strips, respectively. Briefly, a
drop of blood was put on one side of the test strip target
area. In about 10 seconds, the measured value was
displayed on the screen and recorded. To note, the
methods and instruments used in this study were
validated for fish in previous studies (Ashaf-Ud-Doulah
et al.,, 2021; Islam et al., 2019; Jahan et al., 2019;
Shahjahan et al., 2018).

Erythrocyte Nuclear Abnormalities (ENA) and
Erythrocytic Cellular Abnormalities (ECA)

The blood was smeared on clean microscopic slides
immediately after collection and air-dried for 10
minutes. The slides were cleaned with pure alcohol
(100%) and dried for ten minutes. The slides were then
stained with 5% Giemsa for 12-15 minutes before being
rinsed with distilled water (4-5 minutes).The slides were
air-dried overnight and mounted with DPX before being
examined under an optical microscope (G-206, ltaly)
with a 100-objective lens. Six slides were prepared for
each fish, and 2000 cells were scored from those slides.
Only cells with intact cellular and nuclear membranes
were considered for scoring. ECA and ENA were
classified according to Carrasco et al. (1990).

Statistical Analysis

The collected data on growth and hematological
parameters were analyzed statistically following the
principles of CRD (Completely Randomized Design) using
the MSTAT-C package program. Values are expressed as
mean + standard deviation (SD). The significance of the
differences among the means across different
treatments was calculated by LSD (Least Significant
Difference) test. Furthermore, principal component
analysis (PCA) was used for the tested parameters to
understand the overall effects of salinity. For PCA
analysis, data were log-transformed. The first two
components' scores were plotted to create a PCA biplot.
Origin 2020b was used for the PCA analysis (OriginLab,
USA).

Results
Effect of Salinity on Growth and Survival

On day 90, the WG, SGR, FCR, and survival rate
were significantly (P<0.05) higher in the fish reared at

3%o followed by the fish in 0, 6, and 9%. salinities
(Table 1). The lowest FCR was recorded in 3%o, whereas
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the highest FCR was observed for the fish in 9%o. The
survival rate (%) was lowest (P<0.05) in 9%o., while no
mortality was recorded for the fish in 0 and 3%o salinities
(Table 1).

Effects of Salinity on Blood Glucose Levels

On day 30, blood glucose levels (g/dL) increased
significantly (P<0.05) in the fish reared at 9%. compared
to the fish at 0%o. Similarly, on day 60, the highest blood
glucose level was recorded in the fish at 9%o, whereas
the fish at 6%o0 showed the highest blood glucose level
on day 90. On day 60 and day 90, blood glucose levels
were observed to be significantly lower (P<0.05)
compared to those measured on day 30 in all the
salinities (Figure 1).

Effects of Salinity on Blood Hemoglobin Levels

Throughout the entire period of the experiment,
the blood Hb levels (g/dL) were suppressed significantly
(P<0.05) in the fish reared in all three salinities (3, 6, and
9%o) compared to the control fish (0%o). On days 30 and
90, the highest and the lowest Hb levels were recorded

in fish maintained at 0 and 6%. salinities, respectively.
However, the highest and lowest Hb levels were
recorded in the fish reared at 0 and 9%o salinities on day
60, respectively (Figure 2).

Effects of Salinity on Red Blood Cell (RBC)

On both days 30 and 60 RBCs counts (105/mm3)
were decreased significantly (P<0.05) in the fish
acclimatized at 3, 6, and 9% salinities in comparison to
the fish at 0%o.. On day 60, the highest RBCs counts were
recorded in the fish reared in 3%. followed by 9%., 0%,
and 6%. (Figure 3).

Effects of Salinity on White Blood Cell (WBC)

On day 30, compared to the fish at 0%., WBC
counts (103/mm?3) were found to be significantly
(P<0.05) increased in the fish reared at 9%. followed by
6%o0 and 3%o.. On day 60, WBC counts in the fish at 3, and
6%o0 were significantly (P<0.05) higher compared to the
fish at 0%0 and 9%.. However, on day 90, no noticeable
differences in WBC counts were observed among fish
maintained at four tested salinities (Figure 4).

Table 1. Growth responses of banded gourami in four different salinity conditions on day 90.

Parameters Salinity conditions
0 %o 3 %o 6 %o 9 %o

Initial BW (g) 8.37+0.87° 8.43+0.67°2 8.47+0.78? 8.39+0.92°
Final BW (g) 12.92+0.98 14.6540.1.252 12.38+0.56P 10.77+0.83¢
Weight gain (g) 5.30 +1.32P 5.76 £ 0.01° 5.09 + 0.09P 3.05 +1.01¢
SGR (%) 0.56+0.32b 0.58+0.342 0.55+0.30b 0.38+0.14¢
FCR 1.90 +0.14b 1.60 + 0.09¢ 2.0 £0.05P 2.25+0.042
Survival (%) 100.00 + 0.002 100.00 + 0.00° 95.00 + 0.00° 80.00 + 0.00°

Values with different alphabetical superscripts in a row differ significantly (P<0.05) among different salinity conditions. All values are expressed as

mean + SD.
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Figure 1. Changes in blood glucose levels (Mean + SD) after exposure to different salinity concentrations. Values accompanied by
different letters are statistically significantly different (P<0.05, n=9). Asterisks denote significant (P<0.05) differences among days

of exposure.
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Effects of Salinity on Erythrocyte Cellular
Abnormalities (ECA) and Erythrocyte Nuclear
Abnormalities (ENA)

Cellular abnormalities in the erythrocytes (ECAs),
such as echinocytic (Figure 5b), elongated (Figure 5c),
twins (Figure 5d), teardrop shape (Figure 5e), and fusion
(Figure 5f), were recorded for fish from all tested
salinities. ECA frequencies in fish blood smears are
presented in Table 2. ECAs in fish at 0%. were
significantly (P<0.05) lower compared to fish at 3, 6, and
9%o. ECAs in treatments were found to increase
significantly (P<0.05) with increasing salinities. On the
other hand, the appearance of ECAs decreased in
general over time (Table 2). ENAs such as binucleated
(Figure 6a), micronucleated (Figure 6b), notched nuclei

(Figure 6c), karyopyknotic nucleus (Figure 6d), nuclear
bridge (Figure 6e), and nuclear bud (Figure 6f) were
recorded in the blood of fish from both the control
group (0%o) and treated groups (Table 3). Similar to
ECAs, ENAs in the treatments were significantly (P<0.05)
higher compared to the control group and the fish in 9%o
showed the highest value.

Principal Component Analysis (PCA)

Based on the PCA-biplot, the first two dimensions
account for 82.2% of the total variances (PC1, 66.9%,
and PC2, 15.5%). Based on the evaluated parameters,
the PCA-biplot revealed separated confidence ellipses
among the sampling days. Almost all tested parameters
in the PC1 vs. PC2 plane were clustered to the three
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Figure 2. Changes in hemoglobin levels (Mean + SD) after exposure to different salinity concentrations. Values accompanied by
different letters are statistically significantly different (P<0.05, n=9). Asterisks denote significant (P<0.05) differences among days

of exposure.
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Figure 3. Changes in red blood cells (Mean * SD) after exposure to different salinity concentrations. Values accompanied by
different letters are statistically significantly different (P<0.05, n=9). Asterisks denote significant (P<0.05) differences among days

of exposure.
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Figure 4. Changes in white blood cells (Mean + SD) after exposure to different salinity concentrations. Values accompanied by
different letters are statistically significantly different (P<0.05, n=9). Asterisks denote significant (P<0.05) differences among days

of exposure.

Figure 5. Various erythrocyte cellular abnormalities (ECA) in Giemsa stained blood smears of fish after exposure to different
salinity concentrations; (a) regular cells, (b) echinocytic, (c) elongated shaped, (d) twin, (e) teardrop-shaped, and (f) fusion

Table 2. Frequencies of erythrocyte cellular abnormalities (ECA) of banded gourami after 30, 60 and 90 days of exposure to four

different salinity conditions.

ECA Treatments Percentage of ECA
Days of exposure
Day-30 Day-60 Day-90
Tear-drop 0 %o 0.80+0.04c 0.77+0.05bc 0.78+0.05ab
3 %o 1.54+0.05b 0.82+0.06ab 0.80+0.02a
6 %o 1.61+0.08b 0.73%0.05¢ 0.72%0.05b
9 %o 1.71x0.07a 0.84+0.02a 0.82+0.03a
Fusion 0 %o 0.86%0.05¢ 0.730.04a 0.81+0.04a
3 %o 1.57+0.07b 0.80+0.10a 0.80+0.05ab
6 %o 1.670.11ab 0.77+0.05a 0.71+0.07b
9 %o 1.780.07a 0.86+0.05a 0.89+0.08a
Elongated 0 %o 0.84+0.05¢ 0.80+0.05a 0.76+0.03a
3 %o 1.61+0.07b 0.86+0.06a 0.74+0.06a
6 %o 1.66% 0.06b 0.69+ 0.07b 0.67+0.04a
9 %o 1.80+0.08a 0.78+0.06ab 0.75+0.05a
Echinocytic 0 %o 0.77+0.06d 0.6510.05b 0.61 +0.03b
3 %o 1.47+0.09c 0.82+0.03a 0.77+0.05a
6 %o 1.59+0.08b 0.67+0.02b 0.72%0.05a
9 %o 1.78+0.05a 0.83%0.02a 0.78%0.04a
Twin 0 %o 0.96+0.06¢ 0.84+0.04ab 0.73+0.03b
3 %o 1.52+0.08b 0.89%0.05a 0.81+0.07ab
6 %o 1.64+0.09b 0.79+0.07b 0.76+0.06b
9 %o 1.86x0.12a 0.90£0.06a 0.86+0.04a

Values of a single ECA in a column with different alphabetical superscripts are significantly (P<0.05) different. All values are expressed as mean#SD.
Three slides were prepared from each fish and 2000 cells were scored from each slide and at least three fishes were analyzed from each group.
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sampling days. Glucose and most ECA and ENA types
were characterized by higher PC1 scores. Whereas, RBC,
Hb, WBC, and blebbed parameters were characterized
by higher PC2 scores (Figure 7).

Discussion

The present study investigated the hemato-
biochemical response of banded gourami to three
different elevated salinities to understand the impacts
of climate change-induced salinity intrusion on fish
physiology. Fish exposed to hypo-or hyper-salinities
would require additional energy for osmotic adaptation,
which could limit growth in comparison with the fish

kept in an isosmotic condition (Boeuf and Payan, 2001;
Tsuzuki et al., 2007; Herrera et al., 2009). Energy
expenditure associated with osmoregulation may be
different at various developmental stages. Moreover,
fish’s response to salinity is species-specific and this
variation is dependent upon the relationships between
osmoregulatory mechanisms and other physiological
processes (Imsland et al., 2002; ONeill et al., 2011; Reid
etal., 1998; Zou et al., 2019). The present study revealed
that banded gourami could endure up to 6%. without
considerable mortality, whereas 9%o salinity caused 20%
mortality, which agrees with the conclusion drawn by
Faizul and Christianus (2013). Ahmmed et al. (2017)
reported that fingerlings of stinging catfish,

Figure 6. Various erythrocyte nuclear abnormalities (ENA) in Giemsa-stained blood smears of fish after exposure to different
salinity concentrations; (a) binucleated, (b) micronucleus, (c) notched nuclei, (d) karyopyknosis nucleus, (e) nuclear bridge, and (f)

nuclear bud.

Table 3. Frequencies of erythrocyte nuclear abnormalities (ENA) of banded gourami after 30, 60 and 90 days of exposure to four

different salinity conditions.

ENA Treatments Percentage of ENA
Days of exposure
Day-30 Day-60 Day-90
Binuclei (BN) 0 %o 0.17+0.06d 0.15+0.08c 0.12+0.04d
3 %o 0.79%0.03c 0.66+0.03b 0.51+0.02c
6 %o 0.98+0.02b 0.7610.03a 0.58+0.01b
9 %o 1.70+0.07a 0.81+0.02a 0.64+0.01a
Micronucleus (MN) 0 %o 0.15+0.02¢ 0.12+0.04c 0.10+0.03d
3 %o 1.51 +0.02b 0.57+0.02b 0.5240.02c
6 %o 1.57+0.12b 0.63+0.05b 0.62%0.05b
9 %o 1.72+0.05a 0.79+0.06a 0.73+0.05a
Notched nuclei (NT) 0 %o 0.16%0.03d 0.13+0.02d 0.10+0.04d
3 %o 0.7610.04c 0.51+0.06¢ 0.4440.05c
6 %o 1.16+0.05b 0.67+0.04b 0.57+0.05b
9 %o 1.59+0.08a 0.7940.08a 0.65+0.05a
Karyopyknotic nucleus (KN) 0 %o 0.95+0.11c 0.82+0.04a 0.73+0.05bc
3 %o 1.49+0.12ab 0.89+0.07a 0.84+0.04a
6 %o 1.42+0.06b 0.67+0.07b 0.68+0.06¢
9 %o 1.63+0.08a 0.8610.09a 0.81+0.07ab
Nuclear bridge (NB) 0 %o 0.27+0.03c 0.23+0.04c 0.26+0.03c
3 %o 1.63+0.09a 0.92+0.04a 0.81+0.05a
6 %o 1.49+0.09b 0.81+0.04b 0.72%0.04b
9 %o 1.72+0.08a 0.86+0.08ab 0.77+0.04ab
Nuclear bud (NBd) 0 %o 0.67+0.05b 0.58% 0.06¢ 0.54%0.05b
3 %o 1.7240.10a 0.8610.04a 0.7440.05a
6 %o 1.79+0.08a 0.760.05b 0.7310.06a
9 %o 1.81+0.08a 0.84+0.07ab 0.78+0.05a

Values of a single ENA in a column with different alphabetical superscripts are significantly (P<0.05) different. All values are expressed as meanzSD.
Three slides were prepared from each fish and 2000 cells were scored from each slide and at least three fishes were analyzed from each group
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Figure 7. Principal Component Analysis (PCA) biplots. PCA representing the contribution of biochemical parameters and
erythrocytic abnormalities at days 30, 60 and 90 for fish reared at 0, 3, 6 and 9%.. The variable coordination is presented by the
complementary cases analysis showing distribution of days 30, 60 and 90. Legend: Day 30; Day 60; Day 90; black, red and green
lines ellipses are for days 30, 60 and 90 respectively at 95% confidence level; blue arrows indicate PCA loadings along both
component axes for haemato-physiological parameters determined; WBC, White Blood Cell; RBC, Red Blood Cell; Hb, Hemohlobin.

Heteropneustes fosslis exposed to 26%.o salinity resulted
in a higher mortality rate and stunted growth. In
addition, salinity levels 29%. negatively affected the
growth of goldfish, Carassius auratus (Altinok and
Grizzle, 2001). The upper salinity tolerance limit of the
stymphalia minnow, Pseudophoxinus stymphalicus was
found to be around 11%o (Biancoand and Nordlie, 2008).
Kasim (1983) showed that the upper initial lethal
salinities of white carp, Cirrhinus mrigala; fringed-lipped
peninsula carp, Labeo fimbriatus; and common carp,
Cyprinus carpio were 3.54%o., 7.07%., and 8.13%.,
respectively. For rosy barb, Puntius conchonius,
maximum salinity tolerance was observed at 5-10%o
(Ramee et al., 2020). In the present research, the highest
growth performance of banded gourami was recorded
at 3%.. Several pieces of research revealed that
oligohaline water (<5%.) can boost the growth of
freshwater fish (Altinok and Grizzle, 2001; Fashina-
Bombata and Busari, 2003; Overton et al., 2008). Fish do
not need to spend more energy to adjust osmotic
balance when exposed to the low saline condition
because salt levels in the fish blood and the ambient
water are in equilibrium. As a result, improved growth
performance of banded gourami at 3%. may be
attributed to energy conservation and enhancement of
basal and induced immune responses following
exposure to low saline waters (Aihua and Buchmann,
2001; Schmitz et al., 2017a, 2017b).

Fish exposed to stressful conditions alter various
physiological parameters (Beyea et al., 2005). In the
present study, the blood Hb levels were significantly
suppressed in banded gourami at higher salinities (6,

and 9%o) compared to fish at 0%o0 and 3 %. This might
have occurred due to the impairment of hematopoietic
functions under stress imposed by high salinities
(Elarabany, 2017; Masroor et al., 2018; Islam et al.,
2020b). The changes in hematological parameters to the
increased salinity are dissimilar and depend on the
acclimation and adaptation capacity of individual
species and the intensity of the change in salinity.
Elarabany et al. (2017) reported that Hb content was
reduced significantly in Nile tilapia, Oreochromis
niloticus exposed to 8 and 12%. salinities. In the present
study, suppression of Hb might also be attributed to
osmoregulatory dysfunction in fish while exposed to
higher salinities (Fazio et al., 2013; Soltanian et al.,
2016). Glucose plays a significant role in the
bioenergetics of animals, through its conversion into
energy (Elarabany et al.,, 2017; Dawood et al., 2020;
Islam et al.,, 2021a; Shahjahan et al.,, 2022). In the
present study, blood glucose levels were significantly
increased in the fish at higher salinities (6, and 9%o) in
comparison to the control group (0%o) and lower salinity
(3%0). In stressful conditions, the chromaffin cells
increase the production and release of catecholamine
hormones, adrenaline, and noradrenaline, into the
blood (Baker et al., 2013; Nadermann et al., 2019). This
triggers an increase in cortisol levels in the blood
circulation, resulting in increased glucose production
through glucogenesis and glycogenolysis to meet the
higher energy demand (lwama et al.,, 1997). In this
study, increased blood glucose levels in the fish reared
at high salinities might have occurred due to the
increased rate of glucose transportation from the liver
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to the blood to meet the excess energy requirement for
brisk and erratic movements (Islam et al., 2020a).

The fish in all salinities and RBC counts in the
banded gourami were reduced significantly compared
to the fish in the control group (0%.). Reduced RBC
counts might have resulted from salinity-induced
osmotic changes caused by ion leakage from the plasma
(Alwan et al.,, 2009). The reduction in RBC counts
following exposure to sub-lethal osmotic stress
indicates reduced blood oxygen-carrying capacity. Das
et al. (2006) reported that exposure to sub-lethal salinity
concentrations resulted in the deformation and
breakdown of certain RBC cells in Silver barb that
impaired blood oxygen-carrying capacity, which can be
ameliorated by rising oxygen affinity and hemoglobin
capability as well as by boosting RBC production. An
amplified WBC count recognizes leukocytosis, which is
measured as an adaptive response for animals exposed
to stressors. In fish, the severity of stress increases
leukocytosis, which is stimulated by immunological
defense upon exposure to a stressor(s). In the present
study, increased WBC count in fish at sub-lethal
salinities might be linked to increased antibody
production to recover and survive while exposed to a
stressful situation (Joshi et al., 2002). It also plays an
important role in the quick exclusion of cellular
fragments produced by the necrosis of tissue (John,
2007). As the body's defense mechanism during
stressful conditions, the amount of WBC increases by
triggering the leukopoietic process and enhancing the
discharge of leukocytes into the blood flow (Begg and
Pankhurst, 2004). After 30 days of exposure,
significantly higher WBC counts in the higher salinity
exposed banded gourami in this study might have
occurred due to the disorder in the acid-base
equilibrium, respiratory homeostasis, and ionic
regulation. A good number of research findings revealed
that the number of WBCs noticeably increased in fish
due to stressful conditions, which is supportive of the
present study (Akinrotimi et al., 2012; Far et al., 2012;
Geetha, 2014).

In the present study, the occurrence of
erythrocytic nuclear and cellular abnormalities in fish
exposed to tested salinities could be from stress
imposed by osmotic imbalance, which is corroborated
by similar studies with temperature and salinity stress in
fish (Shahjahan et al., 2018; Jahan et al., 2019; Islam et
al., 2020a, 2020b). These ECA and ENA abnormalities in
blood cells might have been induced by protein-lipid
phase distribution interaction, changes in lipid layer
viscosity, and increased lipid peroxidation of
erythrocytes (Ariful et al., 2019; Shahjahan et al., 2019;
Islam et al., 2020b). Moreover, fish exposed to genotoxic
materials result in different ENA in the blood, which was
reported by several previous studies (Ergene et al.,,
2007; Costa et al., 2008). The most important role in
salinity adaptation and acclimatization is a
homeoviscous adaptation, i.e., adaptation to
environmental salinity by regulation of the viscosity of

the cell membranes' lipid phase through changes in their
fatty acid composition (Cossins, 1977; Cossins and
Prosser, 1978). In the case of cold-blooded organisms,
the lipid bilayer micro-viscosity, lipid phase allocation,
protein  micro-surrounding, interaction between
proteins-lipids, as well as other characteristics of the
structural membrane of erythrocytes is influenced by
environmental salinity (Kreps, 1981). However, it can be
summarized that such types of ECA and ENA may occur
through morphological changes in the plasma
membrane and distressing surface deformability,
thereby making the erythrocytes more vulnerable to
rupture during crossing through small capillaries.
Previous studies revealed that during salinity
adaptation, to maintain the structural stability of the
erythrocyte membrane, fish regulate lipid composition
by modifying the intra- and intermolecular mobility and
interactions of cytoskeleton proteins (Fiol and Kiltz,
2007; Evans, 2010).

Conclusion

The study showed that banded gourami stress
responses to climate-induced environmentally realistic
salinities vary among the fish in four tested salinities.
Salinity stress can affect growth, hemato-biochemical
parameters, and erythrocyte structure. A concurrent
relationship has been found among growth, survival
rate, and stress-linked immune-physiological responses.
Moreover, a higher degree of ECA and ENA were
recorded in the fish exposed to higher salinities (6, and
9%o0). Most of the measured parameters showed
negative trends with slight adaptive responses during
the experiment. Based on our findings, further studies
are recommended for a better understanding of the
growth performance and physiology of this fish in saline
waters.
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