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Introduction

Saltwater intrusion in freshwater and coastal

Abstract

Salinity intrusion into coastal mainland or freshwater habitat because of recent
climatic changes is exacerbating production risks and challenging the coping capacity
of freshwater fish farmers of Sundarban coastal delta in India. Hence, an experiment
was conducted to evaluate the survival and growth performance of certain
commercially important brackish water species in freshwater, and subsequent low
salinities (5 g It and 10 g I). Species like Scatophagus argus, Chelon parsia, Terapon
jarbua, Etroplus suratensis, and Penaeus monodon showed the highest specific growth
rate (SGR) at 10 g I salinity. However, the growth rates were not differed significantly
(P>0.05) compared to freshwater. Chelon planiceps and Mystus gulio exhibited the
highest SGR at 5 g I salinity, although growth rates of the fish were not differed
significantly (P>0.05) with freshwater treatments. Comparable survival and growth of
all species in the freshwater condition indicated their ability of healthy acclimation at
freshwater ponds. Therefore, these euryhaline fish species can be promoted in the
Indian Sundarban for culture in freshwater ponds as climate-resilient adaptation
strategies. This study could be useful in decision making during species and farm site
selection which eventually will minimize the risks from total crop loss during saltwater
inundation.

determinant for the physiology of aquatic organisms,
changes in ambient salinity can impacts negatively on
fish growth as well as in other physiological processes

mainland caused by climate change-induced sea-level
rise as well as frequent extreme weather events (storm
surge, cyclone, etc.) are now a major concern in many
tropical deltas (Dubey et al., 2017). This salinity intrusion
is impacting freshwater fisheries and aquaculture which
limits the production efficiencies and sustainability of
the aquatic food production system (Ahmed & Diana,
2015). Although salinity is an important environmental
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(Boeuf & Payan, 2001; Nordlie, 2009).

Crowned with World Heritage Site and Ramsar site,
Sundarban is a unique mangrove-dominated
transboundary landscape traversed between India and
Bangladesh. Located at the mouth of the Bay of Bengal,
Sundarban has been formed mainly by the continuous
deposition of silt carried down by the Ganga,
Brahmaputra, and Meghna river system as well as its
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other freshwater tributaries. This coastal deltaic
ecosystem sustains marvelous faunal and floral
assemblages and supports millions of livelihoods who
depend on the vibrant natural resources of Sundarban.
Apart from the numerous crisscross networks of tidal
creeks and rivers, the Sundarban is endowed with a vast
expanse of often inland waters in the form of canals,
lakes, ponds, tanks, wetlands, and paddy fields which
always have attracted attention for its fish culture
potentials. Currently, the Indian part of Sundarban is
home to 4.5 million people, and agriculture followed by
aquaculture is the main source of livelihood. It is a
designated climate change hotspot that has experienced
various environmental changes associated with climatic
variables (UNESCO, 2009). This lower part of the
Gangetic tidal delta is susceptible to coastal flooding and
saltwater inundation during extreme weather events. In
many areas inside the Sundarban islands, freshwater
ponds have been inundated frequently by
brackishwater during coastal flooding mainly after
embankment breaching, which is converting freshwater
fishponds into oligohaline ponds. In these transformed
scenarios, several brackishwater species (euryhaline)
have a huge culture potential into freshwater ponds
where saline water inundation is a common
phenomenon and as one of the important climate-
resilient adaptation strategies. This makes the case of
the paper.

Canagaratnam (1959) studied the growth of
several brackishwater and marine fishes in low salinity.
Oren (1981) extensively documented aquaculture
possibilities of brackishwater species like grey mullets
(Mugilidae). Sarig (1981) explored the possibilities of
mullets inclusion in freshwater as well as brackishwater
polyculture in Israel. Bok (1984) documented the
extensive culture of two mullet species in freshwater
impoundments in the Eastern Cape, South Africa.
Culture of the euryhaline species especially under the
Mugilidae family in estuarine and coastal regions is
reported from many countries like China (Chang et al.,
2004), Egypt (Bishara, 1978; Saleh, 2008), Israel
(Lupatsch et al., 2003), Italy (Luzzana et al., 2005), New
Zealand (Wells, 1984), Nigeria (Anyanwu et al., 2007), Sri
Lanka (De Silva & Perera, 1976; De Silva & Silva, 1979),
Taiwan (Chang et al., 2000), Tunisia (Khériji et al., 2003),
etc. Apart from fish species, Collins and Russell (2003)
reported that black tiger shrimp Penaeus monodon
adapted quite well to freshwater conditions in Australia
because of its wide range of salinity tolerance. Similarly,
Saoud et al. (2003) studied the use of inland well waters
for the Pacific white shrimp, Litopenaeus vannamei
culture. Araneda et al. (2008) evaluated the growth
performances of L. vannamei in freshwater at different
densities.

In India, researches on the rearing of brackishwater
fishes (mainly mullets) began probably in the 1920s
(Campbell, 1921; Hornell, 1922). From the 1940s
onwards emphasis was given on the feasibility of
acclimating mullet juveniles to freshwater and

developing polyculture technology (Oren, 1981). As per
the existing literature, the first acclimation experiments
were undertaken in Madras with Mugil troschelli
(currently Liza macrolepis) and Mugil waigiensis
(currently Liza vaigiensis) at fresh water (Devanesan &
Chacko, 1943; Job & Chako, 1947). After that,
Mookerjee et al. (1946) performed acclimatization
studies with Mugil parsia (currently Chelon parsia) in
West Bengal and Ganapati and Alikunhi (1949) studied
with Mugil cephalus and Mugil seheli (Moolgarda seheli)
in Madras. James et al. (1985) tried monoculture of grey
mullets in coastal saltwater ponds in the Mandapam
area. Jana et al. (2004) and Barman et al. (2005)
evaluated the growth performance of grey mullet in
inland saline groundwater ponds in Haryana. Biswas et
al. (2012a; 2012b; 2017) cultured striped grey mullet
Mugil cephalus in brackishwater pond with under
different management practices in Sundarban, West
Bengal. Recently Mondal et al. (2016) evaluated the
growth performances of tade mullet, Liza tade
(currently Chelon planiceps) in the brackishwater
farming system at Sundarban. Culture of other
brackishwater euryhaline fish species also been
performed by various researchers like long whiskers
catfish Mystus gulio (Begum et al., 2008), pearl spot
Etroplus suratensis (Padmakumar et al., 2009; Biswas et
al., 2012c), and spotted scat Scatophagus argus (Biona
et al., 1988a; Biona et al., 1988b; Chang et al., 2005;
Mookkan et al., 2014; Biswas et al., 2016). In 1977 — 78,
Sundararajan et al. (1979) performed monoculture of P.
monodon in brackishwater ponds in Madras, India. Saha
et al. (1999) and Chakraborti et al. (2002) evaluated the
production of P. monodon in the tide-fed low saline
ponds of Sundarban, West Bengal. Ramanathan et al.
(2004) studied the culture performance of P. monodon
in freshwater ponds in Tamil Nadu. Ray (1993)
documented brackishwater fish culture in low saline
water traditional impoundments in the Sundarban
delta.

Amid several efforts, consolidate data on survival
and growth performances of brackishwater fish in
freshwater fishponds is still unavailable that can be
useful in devising climate resilient aquaculture strategy.
Considering the above, the present study aimed to
assess the survival and growth performance of certain
brackishwater fish species in freshwater in Sundarban
coastal environments. The study could be helpful during
the farm site and species selection in freshwater
environments prone to coastal flooding in tropical deltas
like Sundarban.

Materials and Methods
Acclimatization of Species

Seven brackishwater or estuarine species viz.,
Scatophagus argus, Terapon jarbua, Chelon parsia,
Chelon planiceps, Etroplus suratensis, Mystus gulio and
black tiger shrimp Penaeus monodon were chosen in this
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study. The fish were procured locally from hatcheries
located in Sundarbans. The fish were kept in 10 g I*
saline water and kept for one week. During this
acclimatization  period, fish were fed with
supplementary pelleted feed in required quantities
twice daily (9 am and 4 pm). The specification of feed
was: crude protein-30%, crude fat-8%, crude Fiber-6%,
NFE (Nitrogen Free Extract)-38%, ash-8% and moisture-
10%. The gross energy content of feed was 383.2 kcal/kg
which was calculated based on standard physiological
fuel values. The feeding was stopped 24 hours (h) before
the beginning of the experiment.

Experiment Design and Setup

The approach of the study design was followed
Chand et al. (2015) and Dubey et al. (2016) with
necessary modification. A total of six rectangular
earthen ponds were used for this study and a completely
randomized design was followed. The ponds were
located at Bishnupur village of the Sagar island (latitude
21°42'6.08"N and longitude 88° 4'54.97"E), extreme
western sector of Indian Sundarban (Figure 1). The
earthen ponds were sized at about 0.02 ha and the
experiment was conducted in the pre-monsoon year of
2015. The trial was performed in two phases.
Experiments with six species were commenced in ponds
while a trial with one species M. gulio was performed in
FRP tanks (L: W: H = 1.8: 0.8: 0.6 m). Before commencing
trials, proper pond preparations were done following
standard procedures. two ponds of each were filled with
freshwater (0 g 1™%), 5 g I"™ and 10 g I"? salinities water to
perform the study. Salinities were monitored through a
refractometer and optimized periodically. The
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freshwater (0 g I"Y) was achieved from a groundwater
source. The brackishwater was achieved from the tidal
creek namely Bishnupur khal connected to the river
Muriganga (average salinity 20— 30 g I'%).

In each pond with different salinities, nine hapas
(the cage made of fine nylon net) (L: W: H = 3.65: 2.45:
1.20 m) were installed with the support of bamboo
frames. The average water depth of the ponds was 1.2
m. Each hapa fitted inside different saline water ponds
was stocked by 40 acclimatized fish individuals and left
them for two months under ideal farm management. In
each pond, three hapas containing the same group of
fish are considered as replicates. In case of Mystus gulio,
the experiment was conducted in 200 | identical FRP
tanks (L: W: H = 1.8: 0.8: 0.6 m) in which 150 | water
volumes were maintained. A total of 2520 numbers of
fish individuals (3 replicates for 3 treatments X 40
individuals in each replicates X 7 species) were used in
this study. More than 50% of stocks of induvial species
were maintained separately. During the culture period,
rations were provided twice daily (8 am and 4 pm) with
supplementary pellet feed. The specification of feed as
follows: crude protein-35%, crude fat-8%, crude Fiber-
6%, NFE (Nitrogen Free Extract)- 33%, ash-8% and
moisture-10%. The gross energy content of the feed was
385.4 kcal/kg which was calculated based on standard
physiological fuel values. The daily feed amount was
calculated using the formula: stocking nos. X average
body weight X percentage of body weight feeding rate.
The percentage of body weight feeding was 2.5%.
Mortality was observed regularly while the fish were
sampled 15 days intervals to check the growth. The
bodyweight of 10 randomly sampled individuals from
each hapa was measured and the growth patterns were

Figure 1. Map of the study sites. A: India; B: West Bengal; C: Sundarban, respectively. White circle indicates the Sagar island.
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Figure 2. Survival (%) of some brackish water aquaculture species in fresh water and low salinities.

assessed in terms of average daily growth (ADG, g d™3),
weight gain, specific growth rate (SGR; % d?), and body
weight gain (BWG %) following Dubey et al. (2016).

Water Quality Monitoring

Water quality parameters like temperature (°C),
pH, and dissolved oxygen (mg I!) were measured
fortnightly through a multi-parameter water analyzer
instrument (HANNA, HI 9828, Germany). The ammonia-
nitrogen, NHs-N (mg I'%), nitrate-nitrogen, NOs-N (mg
I7Y), nitrite-nitrogen, NO2-N (mg I%), phosphate-
phosphorus, PO4™-P (mg I"!) were measured using HACH
Spectrophotometer (DR 2800, Germany). Total alkalinity
(mg CaCOs I"?) and total hardness (mg CaCOs I'Y) were
measured as per APHA (2012). Salinity (g I"%) was
monitored daily.

Statistical Analysis

Data attained from the experiment like survival,
growth performance, and water quality data for each
salinity treatment were analyzed using one-way analysis
of variance (ANOVA) followed by Tukey (HSD) test to
determine statistical variations among different salinity
treatments (Zar, 1999). The difference was considered
statistically significant at P< 0.05. The analyses were
performed using IBM SPSS 20.0 statistical software.

Results
Survival and Growth Analysis

The results of the study indicated a good survival
of all brackishwater fish species in freshwater condition
and their ability to healthy acclimation at freshwater
ponds. The survival of seven brackishwater species in
freshwater and subsequent low salinities is depicted in
Figure 2. The survival rate increased at the highest
salinity (10 g I"!) compared to the freshwater, and in
most cases, survival (%) of the fish exposed to fresh
water and 5 g I salinity was not differed significantly
(P>0.05) (Figure 2). For instance, survival (%) of S. argus
significantly depended (P<0.05) on salinity and varied
between 92% (freshwater) to 96% (10 g I salinity). In
case of C. parsia and T. jarbua, differences of survival (%)
were not significant (P>0.05) when cultured at fresh
water and 5 g I salinity treatment. Interestingly, P.
monodon showed 78% survival in freshwater to 82% in
10 g I salinity treatments and differences among them
were not significant (P>0.05) (Figure 2).

The growth parameters of all experimented fishes
in freshwater as well as saline water are presented in
Table 1. S. argus showed the highest SGR at 10 g I'?
salinity (1.17% d™). However, the growth rates between
5 g I'* salinity and 10 g I salinity were not differed
significantly (P>0.05). In case of C. parsia, the highest
SGR was observed in the fish cultured at 10 g I salinity
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(1.48% d™!) and the growth rates between fresh water
and 5 g I salinity were not differed significantly
(P>0.05). It is fascinating to note that the growth rates
of species like E. suratensis, C. planiceps, M. gulio, and
P. monodon in fresh water and saline water were
statistically similar (P>0.05). However, the growth rates
of T. jarbua are significantly dependent on salinity
(P<0.05) and differed with freshwater treatment. The
BWG (%) of fish exposed to different salinity ponds is
given in Figure 3. In terms of BWG (%), the best growth
performance in freshwater was observed for T. jarbua
followed by C. planiceps, P. monodon, C. parsia, S. argus,
M. gulio and E. suratensis (Figure 3).

Water Quality

Water quality parameters were found to be
suitable throughout the experimental period (Table 2).
In the ponds, Total alkalinity values showed a significant
difference during the culture period (P<0.05). The
average water temperature (°C) over the study period
was found to be 31.96, 31.53, and 30.87 at freshwater
(0 g 1Y), 5 and 10 g I"! salinity treatment, respectively.
Water pH showed a static stage throughout the

treatment and ranged from 7.15 to 7.17. The dissolved
oxygen was found to be highest (7.03 mg I?) at
freshwater followed by 6.98 mg I"tin 10 g I'* and 6.96
mg 1tin 5 g It salinity treatment. Total alkalinity showed
significant rising trends with increasing salinity and was
found to be 103.5 mg I at freshwater followed by
110.75 mg I'M at 5 g I and 115.14 mg It at 10 g I*
salinity treatment. Total hardness showed a static state
(P > 0.05) throughout the treatment and ranged from
110.50 mg "t to 111.57 mg I"%. NH3-N (mg I}) and NO--
N (mg I!) concentrations were uniforms throughout the
study length being highest at fresh water and 5 g I
salinity, respectively. NOs-N concentration (mg I™!) was
found to be lower in freshwater followed by and 5 g I
salinity and 10 g I, respectively.

Discussion

Climate change has a dramatic effect on
freshwater fisheries and aquaculture which limits the
production efficiencies and sustainability of the aquatic
food production system. Hence, climate-resilient
aquaculture provides a means to ensure sustainable fish
supply to those who experience negative impacts of
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Figure 3. Body Weight Gain (%) of some brackish water aquaculture species in fresh water and low salinities.



Table 1. Growth performances of some brackish water aquaculture species in fresh water and low salinities.

Species Fresh water (0 g I'%) 5gl? 10glt
W FW WG SGR IW FW WG SGR W FW WG SGR

S. argus 46.09+0.682 84.91+0.532 38.82+1.20° 1.02+0.032 47.15+1.352 91.45+0.88> 44.30+0.70° 1.10+0.03° 49.34+0.84> 99.82+0.87¢ 50.48+0.71¢  1.17+0.02°
T. jarbua 10.34£0.04® 30.33+0.322 20.0+0.382 1.79+0.012 10.33+0.022@ 33.65%5.512b 23.32#5.512b 195+0.26P 10.34+0.032 33.72%5.4920 23.39+5.472b 1.96+0.26°
E. suratensis 11.36+0.572 14.27+0.88 2.91+0.35® 0.38+0.032 11.47+0.90®° 15.32+0.46° 3.85+0.562 0.4940.092 11.42+0.52@ 15.37+0.432 3.95+0.152 0.50£0.032
C. parsia 13.85+0.30* 29.38+0.35° 15.53+#0.61@ 1.25+0.05% 13.77+0.26® 29.88+0.512 16.114£0.632  1.29+0.052b 13.43+1.022 32.51+0.39 19.07+£0.74>  1.4840.11°
C. planiceps 4.75+0.26% 10.95+1.328 6.20+1.07® 1.394#0.11@ 4.80+0.642 12.38+1.292 7.59+0.762 1.5840.10®  5.04+0.41° 12.3841.292 7.34+1.127 1.5040.162
M. gulio 6.45+0.102> 10.23+0.08> 3.78+0.03° 0.77£0.01° 6.32+0.04° 10.30+0.052 3.98+0.012>  (0.81+0.00°  6.61+0.052 10.72+0.15° 4.11+0.20° 0.81+0.032
P. monodon 6.18+0.252 13.56+1.02% 7.38+0.78% 1.31+0.06® 6.10+0.492 14.12+0.612 8.02+0.132 1.404+0.06®  6.19+0.332 14.5040.852 8.31+0.532 1.4240.012

IW: Initial weight (g); FW: Final weight (g); WG: Weight gain (g); SGR: Specific Growth Rate (%)
Data are presented as Mean * SD of three replicates. Figures in parenthesis represent the range of the parameters. Values of same superscripts within a row under each category did not differ significantly (P > 0.05).

Table 2. Water quality parameters of culture ponds and FRP tanks during survival and growth performance trial of brackish water aquaculture species in fresh water at Sagar field site.

Parameters Salinity treatments P - value
Fresh water (0 g I'}) 5glt 10gl?
Earthen pond FRP tank Earthen pond FRP tank Earthen pond FRP tank Earthen pond FRP tank
Temperature (°C) 31.96+1.522 31.57+1.12 31.53+1.06° 31.72+1.117 30.87+1.812 31.7041.192 038 0.96
(29.9-34.5) (30.1-33.1) (29.7-33.1) (29.8-33.5) (28.4-33.4) (30.1-33.5) ) '
oH 7.17+0.232 7.05£0.302 7.15£0.322 7.05£0.202 7.17+0.262 6.95+0.252 0.98 0.75
(6.8-7.5) (6.6-7.5) (6.7-7.6) (6.7-7.5) (6.8-7.5) (6.6-7.3) ) '
Dissolved oxygen 7.03+0.292 6.73+0.32 6.9610.32 6.70+0.322 6.98+0.362 6.85+0.122 0.91 0.52
(mgI71) (6.45-7.4) (6.1-7.1) (6.5-7.5) (6.3-7.2) (6.5-7.5) (6.7-7.1) ) '
Total alkalinity 103.5+2.262 103.75+7.51° 110.7543.61° 105.62+5.32 115.14+3.02¢ 109.85+5.422 0.0001 0.18
(mg CaCos I7Y) (100 - 106) (95-120) (105 - 116) (99-115) (109 - 118) (102-118) ) '
Total hardness 110.5+5.422 11243.772 111.37+4.032 106+2.92 111.57+4.112 107.71+3.722b
- 0.89 0.008
(mg CaCOs 1Y) (101-118) (106-117) (105 - 115) (102-110) (105-117) (105-114)
Ammonia-Nitrogen 0.21+0.042 0.20£0.042 0.21+0.032 0.18+0.062 0.20£0.032 0.18+0.042 0.72 0.58
NH3-N (mg I-1) (0.15-0.3) (0.15-0.31) (0.17 - 0.25) (0.1-0.29) (0.14-0.24) (0.11-0.24) ' '
Nitrate-Nitrogen 0.2440.03? 0.25+0.062 0.2740.032 0.23£0.072 0.26+0.032 0.21+0.032 0.32 0.50
NOs-N (mg I1) (0.2-0.31) (0.14-0.35) (0.2-0.31) (0.15-0.35) (0.21-0.31) (0.18-0.25) ' '
Nitrite-Nitrogen 0.02+0.012 0.03+0.01° 0.02+0.01° 0.03+0.01° 0.02+0.01° 0.05+0.01° 096 0.02
NO2-N (mg I2) (0.01-0.05) (0.02-0.05) (0.01 - 0.05) (0.01-0.05) (0.01-0.04) (0.03-0.08) ' '
Phosphate-Phosphorus 0.25%0.022 0.2740.022 0.25+0.022 0.2740.032 0.25£0.042 0.26+0.022 0.96 0.68
PO, P (mg 1) (0.21-0.29) (0.25-0.31) (0.21-0.3) (0.22-0.31) (0.19-0.3) (0.22-0.3) ) )

Data are presented as Mean + SD of three replicates during the 60-day culture period. Figures in parenthesis represent the range of the parameters.
significantly (P > 0.05).

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

Values with the same superscripts within a row do not differ

£/59°(2)zz ‘saipnis ainynopnby

[S91SYNOV



Aquaculture Studies

AQUAST657

climate change. In the present study, all experimented
brackishwater species survived and grew well in
freshwater conditions. Species such as S. argus, C.
parsia, T. jarbua, E. suratensis, and P. monodon showed
the SGR at 10 g I'? salinity water ponds. However, the
growth rates were not differed significantly (P>0.05)
compared to freshwater ponds. C. planiceps and M.
gulio exhibited the highest SGR at 5 g I'! salinity water
ponds, although growth rates of the fish were not
differed significantly (P > 0.05) with freshwater ponds.

As euryhaline, spotted scat S. argus thrives well in
freshwater and coastal habitats (Barry & Fast, 1992).
The spotted scat has a broad salinity tolerance range
and is more tolerant of transfers to lower salinities and
freshwater (0 g I'* salinity) (Macahilig et al., 1988). Such
a pattern of survival probably reflects the ability of the
scat to osmoregulate better at lower osmotic pressures
than in a hypersaline environment (Macahilig et al.,
1988). The growth of S. argus was almost comparable in
both fresh water and brackishwater when it co-cultured
with milkfish Chanos chanos and did not affect the
growth and production of milkfish (Biona et al., 1988a).
In line with the present study, better survival, and
growth rate of S. argus were also noticed when cultured
in 5 g It salinity than higher salinity (10, 15, 20, 25, and
30 g I'Y) (Mookkan et al., 2014).

Like scats, species under the family Mugilidae
(mullets) show a great deal of euryhalinity and have a
broad salinity tolerance range (Thomson, 1966). Being
the lowest trophic level fish and omnivorous feeding
habit, mullets are suitable for monoculture and
compatible with other species in polyculture (Biswas et
al., 2012b). In India, mullets are potential candidate
species suitable for culture in brackishwater ponds and
have a high consumer preference due to their unique
taste. However, the pond culture of mullet in traditional
and semi-intensive systems mainly relies on wild seed
collection from tidal estuaries (Biswas et al., 2012a;
2017). Flathead grey mullet Mugil cephalus was
successfully cultured in fresh water and various salinities
(10, 15, 20, and 25 g I salinity) using inland saline
groundwater (Barman et al., 2005). The study revealed
that SGR was significantly enhanced in fish maintained
at 10 g I* salinity (SGR 4.70 % d™) in comparison with
freshwater (SGR 3.12 % d!) which supported the
findings of the present study.

Peral spot E. suratensis can thrive in marine,
estuarine and freshwater environments (Rao et al.,
2000), and is a euryhaline species with a high salinity
tolerance from 1 - 70 g I'* (Wallace, 1975). However, to
date, little attention has been paid to the culture
practice of E. suratensis in captivity. Due to its good taste
and flesh quality, the pearl spot has high consumer
preference in the local as well as international markets
(Biswas et al, 2012c). Euryhaline nature and
omnivorous feeding habits make E. suratensis
compatible to be farmed in polyculture with both
brackishwater and freshwater fish and prawns
(Jayaprakas et al., 1990). Padmakumar et al. (2009)

evaluated the production performance of pearl spot
inside cage enclosures (salinity ranged from 0.06 to 1.28
g I'Y) in the Vembanad estuarine system, on the
southwest coast of India and found SGR ranged from
0.28 to 0.75% d™l. The growth performance of pearl
spots is remarkable in the context of the present study
(SGR ranged from 0.38 to 0.50% d!) as the pearl spots
are generally considered slow-growing species, growing
hardly to 120 - 130 g in pond conditions (Thampy, 1980;
Padmakumar et al., 2009). M. gulio is a euryhaline fish,
occurring mostly in fresh water and has also been found
to thrive in brackishwater or backwaters of low salinity
(Pandian, 1966; Talwar & Jhingran, 1991). Begum et al.
(2008) cultured M. gulio at 4-5 g I'* salinity in nursery
ponds and observed SGR ranged from 4.91 to 5.10% d™*.

Several studies reported the effect of salinity on
the growth of black tiger shrimp P. monodon (Verghese
et al.,, 1975; Rajyalakshmi, 1980; Chakraborti et al.,
2002). Studies suggest that P. monodon adapted well to
the freshwater condition due to its wide salinity
tolerance range (Shivappa & Hambrey, 1997; Collins &
Russell, 2003). Navas and Sebastian (1989) reported that
low salinity of the water is more favorable for P.
monodon during the early stages, while a medium range
of salinity is conducive for faster growth in the later
stages.

Shivappa and Hambrey (1997) reported that P.
monodon can be cultured successfully using inland
freshwater in Thailand having a salinity of less than 5 g I
! In Australia, Collins and Russell (2003) observed
satisfactory growth of P. monodon in freshwater with an
average survival of 56 — 78%, which is very similar to the
present study. Sundarajan et al. (1979) found SGR 0.39%
d=! while farming of P. monodon in brackishwater (10 g
I* salinity) monoculture system. Saha et al. (1999) also
found satisfactory growth performances of P. monodon
while culturing in low saline water. Ramanathan et al.
(2004) studied the culture performances of P. monodon
under extensive and semi-intensive systems in
freshwater conditions. In an extensive system, average
daily growth and survival were 0.18 g and 55%
respectively. In contrast, under semi-intensive systems,
average daily growth and survival were 0.16 g and 46%
respectively (Ramanathan et al, 2004). These
observations coincide well with the finding of the
present study of possibilities of P. monodon culture in
freshwater or low saline conditions.

There are various reports on the acclimation and
growth of estuarine and marine species in low salinities
or freshwater. For example, fish species like thick lip
grey mullet Chelon labrosus (Ben-Yami, 1981), juvenile
Atlantic halibut Hippoglossus hippoglossus (Imsland et
al., 2008), European flounder Platichthys flesus and
turbot Scophthalmus maximus (Gutt, 1985; Gaumet et
al., 1995; Imsland et al, 2001), Juvenile golden
pompano Trachinotus ovatus (Ma et al., 2016), Juvenile
pompano Trachinotus marginatus (Abou Anni et al.,
2016), juvenile Florida pompano Trachinotus carolinus
(Weirich et al., 2009), cobia Rachycentron canadum and
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the gilthead sea bream Sparus aurata (Woo & Kelly,
1995; Laiz-Carrion et al., 2005; Resley et al., 2006),
Juvenile black bream Acanthopagrus butcheri (Partridge
& Jenkins, 2002), Red drum Sciaenops ocellata (Crocker
et al., 1981), and milkfish Chanos chanos (Alava, 1998)
that exhibit satisfactory survival and growth rate in low
salinities to freshwater. Similarly, L. vannamei has been
grown in inland saline waters ranging in salinity from 2 g
I to freshwater (0 g I'!) (Samocha et al., 1998; Davis et
al., 2004; Araneda et al., 2008).

When fish encounter stressful conditions, their
ionic and osmoregulatory stability disrupts and this can
be termed as ‘Osmo-respiratory compromise’ (Myrick,
2011). In freshwater, fish experience the passive gain of
water and loss of ions, which is accomplished through
the production of large volumes of dilute urine and
active uptake of ions across the gills. In saltwater, fish
offset the passive gain of ions and loss of water. This is
accomplished by drinking seawater, absorbing water,
and salts across the gut, and excreting monovalent ions
across the gills and divalent ions through the kidney
(McCormick, 2011). Nearly 95% of extant stenohaline
teleost species are osmoregulators, which means they
maintain their extracellular body fluids at a relatively
constant osmolality of ~300 mOsmol kg (isosmotic to
9 g It salinity). The remaining 5% of euryhaline fishes are
osmoconformers having the capacity to tolerate a wide
range of salinities (Klltz, 2015). Nonetheless, euryhaline
fish have developed special biochemical and
physiological mechanisms to thrive in a changing salinity
regime. They can intellect osmotic stress, which induces
the instigation of osmosensory signaling mechanisms
that, in turn, regulate osmoregulatory effectors to
alleviate osmotic stress in saline water (Fiol & Kiiltz,
2007). Although this study did not measure biochemical
parameters of fish in a different saline environment,
euryhaline teleost fishes can regulate and maintain
plasma ionic composition and osmotic concentration in
changing salinity regimes (Nordlie, 2009; Aragdo et al.,
2010). Lin et al. (2003) found no significant difference in
plasma osmolality, sodium, or chloride concentrations
of milkfish C. chanos adapted fresh water and various
strengths of saline water thus prove the extremely
euryhalinity of brackishwater fishes.

In 2009, both parts of Sundarban (West Bengal in
India and Bangladesh) has witnessed severe tropical
cyclone Aila which caused massive inland salinization
and damage freshwater farmlands. This salinity still
remains in many inland areas of the delta. Very recently,
super cyclone Amphan in 2020 again struck the
Sundarban and pushed coastal floodwater up to 15 km
inland inside the various inhabited islands. This causes
huge damage to the freshwater homestead pond-based
aquaculture inside the islands of Sundarban. The study
has two broad implications. First, in this changing
climatic scenario, certain euryhaline species have a
wider potentiality for culture in many freshwater areas
of the Indian Sundarban delta as well as other tropical
deltas where coastal flooding is a common occurrence.

Second, frequent saline water intrusion into the coastal
inland area largely due to climatic changes is converting
freshwater into the oligohaline zone that opens the
avenue of polyhaline aquaculture. Nevertheless, the low
saline traditional shrimp farming system can be further
diversified through the inclusion of more brackishwater
fish species.

Conclusion

The study indicated that brackishwater fish and
shrimp could acclimate and grew well in fresh water and
low saline water conditions. Moreover, majorities of
experimented species are considered as candidate
species in terms of flesh texture, taste, and market price.
However, this potential can only be apprehended by the
successful artificial propagation of juveniles from
hatcheries. Considering the current and future climate
variables, more coastal areas of India are going to
become exposed to climate change impacts. Under such
a scenario, these brackish water species can be
promoted in the Indian Sundarban for culture in
freshwater ponds as climate-resilient adaptation
strategies. This study will help farmers to make a
decision on species selection that can minimize risks
from total crop loss during saltwater inundation.
However large-scale hatchery-reared seed production
and standardization of culture techniques through
farmers’ trials for enhanced production should be
recommended.

Ethical Statement

The study was carried out in accordance with the
recommendations in CPCSEA (Committee for the
Purpose of Control and Supervision on Experiments on
Animals) Guidelines for Laboratory Animal Facility and
Guidelines for Care and Use of Animals in Scientific
Research Govt. of India. The experiment was performed
in a sustainable and responsible manner with the
minimal use of species.

Funding Information

The research work is financially supported by the
Indian Council of Agricultural Research (ICAR), Govt. of
India through the NICRA (National Innovations on
Climate  Resilient  Agriculture) project titled
“Development of Climate Resilient Aquaculture
Strategies for Sagar and Basanti Blocks of Indian
Sundarban”. The funders had no role in study design,
data collection and analysis, decision to publish, or
preparation of the manuscript.

Author Contribution
Raman Kumar Trivedi: Conceptualization, Funding

Acquisition,  Project  Administration,  Resources,
Supervision, Writing — Review & Editing; Bimal Kinkar



Aquaculture Studies

AQUAST657

Chand: Experimental Design, Methodologies, Writing —
Review & Editing; Sourabh Kumar Dubey: Research
Investigation, Data Analysis, Writing — Original Draft
Preparation. All Authors Read and Approved the Final
Manuscript.

Conflict of Interest

The authors declare that they have no known
competing financial or non-financial, professional, or
personal conflicts that could have appeared to influence
the work reported in this paper.

Acknowledgements

We are grateful to the Late Prof. Amalesh
Choudhury and SDMBRI, Sagar island and Sundarban
Development Board for sharing field laboratory
facilities. The authors express their sincere thankfulness
to Jalad Gayen and Sudan Roy for providing technical
assistance.

References

Abou Anni, I. S., Bianchini, A., Barcarolli, I. F., Varela, A. S.,
Robaldo, R. B., Tesser, M. B., & Sampaio, L. A. (2016).
Salinity influence on growth, osmoregulation and energy
turnover in juvenile pompano Trachinotus marginatus
Cuvier 1832. Aquaculture, 455, 63-72.
https://doi.org/10.1016/j.aquaculture.2016.01.010

Ahmed, N., & Diana, J. S. (2015). Does climate change matter
for freshwater aquaculture in Bangladesh? Regional
Environmental Change, 16(6), 1659-1669.
https://doi.org/10.1007/s10113-015-0899-6

Alava V.R. (1998). Effect of salinity, dietary lipid source and
level on growth of milkfish (Chanos chanos) fry.
Aquaculture, 167(3-4), 229-236.
https://doi.org/10.1016/s0044-8486(98)00317-2

Anyanwu, P.E., Gabriel, U.U., Akinrotimi, O.A., Bekibele, D.O.,
Onunkwo, D.N. (2007). Brackish water aquaculture: a
veritable tool for the empowerment of Niger Delta
communities. Scientific Research and Essays, 2(8), 295—
301.

APHA (American Public Health Association). (2012). Standard
Methods for the Examination of Water and Wastewater.
22nd edition. Rice, E. W., Baird, R. B., Eton, A. D. and
Clesceri, L. S. (Eds), American Public Health Association,
American Water Works Association, and Water
Environment Federation; Washington, DC.

Aragdo, C., Costas, B., Vargas-Chacoff, L., Ruiz-Jarabo, I., Dinis,
M.T., Mancera, J.M., & Conceigdo, L.E. (2010). Changes
in plasma amino acid levels in a euryhaline fish exposed
to different environmental salinities. Amino Acids, 38(1),
311-317.
https://doi.org/10.1007/s00726-009-0252-9

Araneda, M., Pérez, E. P., & Gasca-Leyva, E. (2008). White
shrimp Penaeus vannamei culture in freshwater at three
densities: Condition state based on length and weight.
Aquaculture, 283(1-4), 13-18.
https://doi.org/10.1016/j.aquaculture.2008.06.030

Barman, U.K., Jana, S.N., Garg, S.K., Bhatnagar, A., & Arasu,
A.R.T. (2005). Effect of inland water salinity on growth,
feed conversion efficiency and intestinal enzyme activity

in growing grey mullet, Mugil cephalus (Linn.): Field and
laboratory studies. Aquaculture International, 13(3),
241-256.

https://doi.org/10.1007/s10499-004-2479-5

Barry, T. P., & Fast, A. W. (1992). Biology of the Spotted scat
(Scatophagus argus) in the Philippines. Asian Fisheries
Science, 5, 163-179.

Begum, M., Al Mamun, A,, Pal, HK., Islam, M.A., & Alam, M.J.
(2008). Effects of stocking density on growth and survival
of Mystus gulio in nursery ponds. Bangladesh journal of
Fishery Research, 12(2), 179-186.

Ben-Yami, M. (1981). Handling, transportation and stocking of
fry. In O. H. Oren (Eds), Aquaculture of Grey Mullets (pp.
335-359). International Biological Progamme 26,
Cambridge University Press, New York, USA.

Biona, Sr. H. D., Tabanda, R., Bayogos, R., Fast, A. W., & Barry,
T. P. (1988a). Production of tiger prawn (Penaeus
monodon) and spotted scat (Scatophagus argus) in
polyculture. In A. W. Fast (Eds), Spawning Induction and
Pond Culture of the Spotted Scat (Scatophagus argus
Linnaeus) in the Philippines (pp. 86-97). Technical
Report No. 39, Mariculture Research and Training
centre, Hawaii Institute of Marine Biology, University of
Hawaii, Manoa.

Biona, Sr. H. D., Tabanda, R., Bayogos, R., Fast, A. W., & Barry,
T. P.(1988b). Production of milkfish (Chanos chanos) and
spotted scat (Scatophagus argus) in polyculture In A. W.
Fast (Eds), Spawning Induction and Pond Culture of the
Spotted Scat (Scatophagus argus Linnaeus) in the
Philippines (pp. 62-73). Technical Report No. 39,
Mariculture Research and Training centre, Hawaii
Institute of Marine Biology, University of Hawaii, Manoa.

Bishara, N.F. (1978). Fertilizing fish ponds: Il- Growth of Mugil
cephalus in Egypt by pond fertilization and feeding.
Aquaculture, 13, 361-367.
https://doi.org/10.1016/0044-8486(78)90185-0

Biswas, G., Ananda Raja, R., De, D., Sundaray, J. K., Ghoshal, T.
K., Anand, S., Kumar, S., Panigrahi, A., Thirunavukkarasu,
A.R., & Ponniah, A. G. (2012a). Evaluation of productions
and economic returns from two brackishwater
polyculture systems in tide-fed ponds. Journal of Applied
Ichthyology, 28(1), 116-122.
https://doi.org/10.1111/j.1439-0426.2011.01909.x

Biswas, G., De, D., Thirunavukkarasu, A. R., Natarajan, M.,
Sundaray, J. K., Kailasam, M., Kumar, P., Ghoshal, T. K.,
Ponniah, A. G., & Sarkar, A. (2012b). Effects of stocking
density, feeding, fertilization and combined fertilization-
feeding on the performances of striped grey mullet
(Mugil cephalus L.) fingerlings in brackishwater pond
rearing systems. Aquaculture, (338-341), 284-292.
https://doi.org/10.1016/j.aquaculture.2012.02.004

Biswas, G., Ghoshal, T. K., Natarajan, M., Thirunavukkarasu, A.
R., Sundaray, J. K., Kailasam, M., De, D., Sukumaran, K.,
Kumar, P., & Ponniah, A. G. (2012c). Effects of stocking
density and presence or absence of soil base on growth,
weight variation, survival and body composition of
pearlspot, Etroplus suratensis (Bloch) fingerlings.
Aquaculture Research, 44(8), 1266-1276.
https://doi.org/10.1111/j.1365-2109.2012.03132.x

Biswas, G., Sundaray, J. K., Bhattacharyya, S. B., Kailasam, M.,
Kumar, P., Sukumaran, K., & Ghoshal, T. K. (2016).
Evaluation of growth performance and survival of wild
collected spotted scat, Scatophagus argus (Linnaeus,
1766) during rearing of fry to marketable size juveniles
for aquarium trade at varied stocking densities. Journal


https://doi.org/10.1016/j.aquaculture.2016.01.010
https://doi.org/10.1007/s10113-015-0899-6
https://doi.org/10.1016/s0044-8486(98)00317-2
https://doi.org/10.1007/s00726-009-0252-9
https://doi.org/10.1016/j.aquaculture.2008.06.030
https://doi.org/10.1016/0044-8486(78)90185-0
https://doi.org/10.1111/j.1439-0426.2011.01909.x
https://doi.org/10.1016/j.aquaculture.2012.02.004
https://doi.org/10.1111/j.1365-2109.2012.03132.x

Aquaculture Studies

AQUAST657

of the Indian Society of Coastal Agricultural Research,
34(1), 120-126.

Biswas, G., Sundaray, J. K., Bhattacharyya, S. B., Shyne Anand,
P. S., Ghoshal, T. K., De, D., Kumar, P., Sukumaran, K.,
Bera, A., Mandal, B., & Kailasam, M. (2017). Influence of
feeding, periphyton and compost application on the
performances of striped grey mullet (Mugil cephalus L.)
fingerlings in  fertilized brackishwater  ponds.
Aquaculture, 481: 64-71.
https://doi.org/10.1016/j.aquaculture.2017.08.026

Boeuf, G., & Payan, P. (2001). How should salinity influence
fish growth? Comparative Biochemistry and Physiology
Part C: Toxicology and Pharmacology, 130(4), 411-423.
https://doi.org/10.1016/s1532-0456(01)00268-x

Bok, A.H. (1984). Extensive culture of two mullet species in
freshwater impoundments in the eastern Cape. South
African Journal of Zoology, 19(1), 31-36.

Campbell, A. Y. G. (1921). Madras Fisheries Administration
Report for the Year 1919-1920. Madras Fisheries
bulletin, (13), 1-34.

Canagaratnam, P. (1959). Growth of Fishes in Different
Salinities. Journal of the Fisheries Research Board of
Canada, 16(1), 121-130.

Chakraborti, R.K., Sundaray, J.K., & Ghoshal, T.K. (2002).
Production of Penaeus monodon in the tide fed ponds of
Sunderbans. Indian Journal of Fisheries, 49(4), 419 -426.

Chand, B. K., Trivedi, R. K., Dubey, S. K., Rout, S. K., Beg, M. M.,
& Das, U. K. (2015). Effect of salinity on survival and
growth of giant freshwater prawn Macrobrachium
rosenbergii (de Man). Aquaculture Reports, 2, 26—33.
https://doi.org/10.1016/j.aqrep.2015.05.002

Chang, C.W., lizuka, Y., & Tzeng, W.N. (2004). Migratory
environmental history of the grey mullet Mugil cephalus
as revealed by otolith Sr: Ca ratios. Marine Ecology
Progress Series, 269, 277-288.
https://doi.org/10.3354/meps269277

Chang, C.W., Tzeng, W.N., & Lee, Y.C. (2000). Recruitment and
hatching dates of grey mullet (Mugil cephalus L.)
juveniles in the Tanshui Estuary of Northwest Taiwan.
Zoological Studies, 39, 99-106.

Chang, S. L., Hsieh, C. S., & Cheng, M. J. (2005). Salinity
Adaptation of the Spotted Scat (Scatophagus argus).
Journal of Taiwan fisheries research, 13, 33-39.

Collins, A., & Russell, B. (2003). Inland prawn farming trial in
Australia. Pond study tests of Penaeus monodon
performance in low salinity ground water. Global
Aquaculture Advocate, 74-75.

Crocker, P.A., Arnold, C.R., DeBoer, J.A., & Holt, J.D. (1981).
Preliminary evaluation of survival and growth of juvenile
red drum (Sciaenops ocellata) in fresh and salt water.
Journal of the World Mariculture Society, 12(1), 122—-
134.
https://doi.org/10.1111/j.1749-7345.1981.tb00249.x

Davis, D. A., Samocha, T. M., & Boyd, C. E. (2004). Acclimating
Pacific White Shrimp, Litopenaeus vannamei, to Inland,
Low-Salinity Waters. The Southern Regional Aquaculture
Center (SRAC) Publication No. 2601, Stoneville.

De Silva, S.S., & Perera, P.A.B. (1976). Studies on the young
grey mullet, Mugil cephalus L. Aquaculture, 7(4), 327—-
338.
https://doi.org/10.1016/0044-8486(76)90129-0

De Silva, S.S., & Silva, E.I.L. (1979). Biology of young grey mullet
Mugil cephalus L., populations of a coastal lagoon in Sri
Lanka. Journal of Fish Biology, 15(1), 9-20.
https://doi.org/10.1111/j.1095-8649.1979.tb03568.x

Devanesan, D.W., & Chacko, P.I. (1943). On the possibility of
culture of certain marine mullets in fresh water tanks.
Proceedings of National Academy of Sciences India, 9,
249-250.

Dubey, S. K., Trivedi, R. K., Chand, B. K., Mandal, B., & Rout, S.
K. (2016). The effect of salinity on survival and growth of
the freshwater stenohaline fish spotted snakehead
Channa punctata (Bloch, 1793). Zoology and Ecology,
26(4), 282-291.
https://doi.org/10.1080/21658005.2016.1225867

Dubey, S. K., Trivedi, R. K., Chand, B. K., Mandal, B., & Rout, S.
K. (2017). Farmers’ perceptions of climate change
impacts on freshwater aquaculture and adaptation
strategies in climatic change hotspots: A case of the
Indian Sundarban delta. Environmental Development,
21, 38-51.
https://doi.org/10.1016/j.envdev.2016.12.002

Fiol, D. F., & Kiiltz, D. (2007). Osmotic stress sensing and
signaling in fishes. FEBS Journal, 274(22), 5790-5798.
https://doi.org/10.1111/j.1742-4658.2007.06099.x

Ganapati, S. V., & Alikunhi, K. H. (1949). Experiments on the
acclimation of salt water fish seed to fresh water.
Proceedings of the Indian Science Congress Association,
36 (33), 161 (Abstract).

Gaumet, F., Boeuf, G., Severe, A,, Le Roux, A., & Mayer-Gostan,
N. (1995). Effects of salinity on the ionic balance and
growth of juvenile turbot. Journal of Fish Biology, 47(5),
865-876.
https://doi.org/10.1111/j.1095-8649.1995.tb06008.x

Gutt, J. (1985). The growth of juvenile flounders (Platichthys
flesus L.) at salinities of 0, 5, 15 and 35%%. Journal of
Applied Ichthyology, 1(1), 17-26.,
https://doi.org/10.1111/j.1439-0426.1985.tb00406.x

Hornell, J. (1922). Madras Fisheries Administration Report for
the Year 1920-1921. Madras Fisheries bulletin, 15(1), 1-
44,

IBM Corp Released. 2011. IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY; IBM Corp.

Imsland, A. K., Gustavsson, A., Gunnarsson, S., Foss, A,
Arnason, J., Arnarson, ., Jonsson, A. F., Smaradattir, H.,
& Thorarensen, H. (2008). Effects of reduced salinities on
growth, feed conversion efficiency and blood physiology
of juvenile Atlantic halibut (Hippoglossus hippoglossus
L.). Aquaculture, 274(2-4), 254-259.
https://doi.org/10.1016/j.aquaculture.2007.11.021

Imsland, A.K., Foss, A., Gunnarsson, S., Berntssen, M.,
FitzGerald, R., Bonga, S.W., van Ham, E., Naevdal, G., &
Stefansson, S.0. (2001). The interaction of temperature
and salinity on growth and food conversion in juvenile
turbot (Scophthalmus maximus). Aquaculture, 198(3-4),
353-367.
https://doi.org/10.1016/s0044-8486(01)00507-5

James, P. S. B. R., Gandhi, V., Mohanraj, G., Raju, A, &
Rengaswamy, V. S. (1985). Monoculture of grey mullets
in coastal saltwater Ponds at Mandapam. Indian Journal
of Fisheries, 32(2), 174-184.

Jana, S. N., Garg, S. K., & Patra, B. C. (2004). Effect of
periphyton on growth performance of grey mullet, Mugil
cephalus (Linn.), in inland saline groundwater ponds.
Journal of Applied Ichthyology, 20(2), 110-117.
https://doi.org/10.1046/j.1439-0426.2003.00530.x

Jayaprakas V., Nair N.B., & Padmanabhan K.G. (1990). Sex
ratio, fecundity and length-weight relationship of the
Indian pearlspot Etroplus suratensis (Bloch). Journal of
Aquaculture in the Tropics, 5, 141-148.


https://doi.org/10.1016/j.aquaculture.2017.08.026
https://doi.org/10.1016/s1532-0456(01)00268-x
https://doi.org/10.1016/j.aqrep.2015.05.002
https://doi.org/10.3354/meps269277
https://doi.org/10.1111/j.1749-7345.1981.tb00249.x
https://doi.org/10.1016/0044-8486(76)90129-0
https://doi.org/10.1111/j.1095-8649.1979.tb03568.x
https://doi.org/10.1080/21658005.2016.1225867
https://doi.org/10.1016/j.envdev.2016.12.002
https://doi.org/10.1111/j.1742-4658.2007.06099.x
https://doi.org/10.1111/j.1095-8649.1995.tb06008.x
https://doi.org/10.1111/j.1439-0426.1985.tb00406.x
https://doi.org/10.1016/j.aquaculture.2007.11.021
https://doi.org/10.1016/s0044-8486(01)00507-5
https://doi.org/10.1046/j.1439-0426.2003.00530.x

Aquaculture Studies

AQUAST657

Job, T. J. & Chacko, P. I. (1947). Rearing of salt water fish in
fresh waters in Madras. Indian Ecology, 2 (1), 1-9.
Khériji, S., El Cafsi, M., Masmoudi, W., Castell, J. D., &
Romdhane, M. S. (2003). Salinity and Temperature
Effects on the Lipid Composition of Mullet Sea Fry (Mugil
cephalus, Linne, 1758). Aquaculture International, 11(6),

571-582.
https://doi.org/10.1023/b:aqui.0000013321.93743.6d

Kaltz, D. (2015). Physiological mechanisms used by fish to cope
with salinity stress. Journal of Experimental Biology,
218(12), 1907-1914.
https://doi.org/10.1242/jeb.118695

Laiz-Carridn, R., Sangiao-Alvarellos, S., Guzman, J. M., Martin
del Rio, M. P., Soengas, J. L., & Mancera, J. M. (2005).
Growth performance of gilthead sea bream Sparus
aurata in different osmotic conditions: Implications for
osmoregulation and energy metabolism. Aquaculture,
250(3-4), 849-861.
https://doi.org/10.1016/j.aquaculture.2005.05.021

Lin, Y. M., Chen, C. N., & Lee, T. H. (2003). The expression of
gill Na, K-ATPase in milkfish, Chanos chanos, acclimated
to seawater, brackish water and fresh water.
Comparative Biochemistry and Physiology Part A:
Molecular & Integrative Physiology, 135(3), 489-497.
https://doi.org/10.1016/s1095-6433(03)00136-3

Lupatsch, I, Katz, T., & Angel, D. L. (2003). Assessment of the
removal efficiency of fish farm effluents by grey mullets:
a nutritional approach. Aquaculture Research, 34(15),
1367-1377.
https://doi.org/10.1111/j.1365-2109.2003.00954.x

Luzzana, U., Valfre, F., Mangiarotti, M., Domeneghini, C.,
Radaelli, G., Moretti, V. M., & Scolari, M. (2005).
Evaluation of different protein sources in fingerling grey
mullet Mugil cephalus practical diets. Aquaculture
International, 13(4), 291-303.
https://doi.org/10.1007/s10499-004-3099-9

Ma, Z., Guo, H., Zheng, P., Wang, L., Jiang, S., Zhang, D., & Qin,
J. G. (2016). Effect of salinity on the rearing performance
of juvenile golden pompano Trachinotus ovatus
(Linnaeus 1758). Aquaculture Research, 47(6), 1761—
1769.
https://doi.org/10.1111/are.12633

Macahilig, M. P. S. C., Castanos, M. T., & Barry, T. P. (1988).
Temperature, salinity, and pH tolerance of spotted scat
(Scatophagus argus). In A. W. Fast (Eds), Spawning
Induction and Pond Culture of the Spotted Scat
(Scatophagus argus Linnaeus) in the Philippines.
Technical Report No. 39, pp. 115-119, Mariculture
Research and Training centre, Hawaii Institute of Marine
Biology, University of Hawaii, Manoa.

McCormick, S. D. (2011). Hormonal Control of Metabolism and
lonic  Regulation. The Hormonal Control of
Osmoregulation in Teleost Fish. Encyclopedia of Fish
Physiology, 1466—1473.
https://doi.org/10.1016/b978-0-12-374553-8.00212-4

Mondal, A., Bhattacharyya, S. B., Mandal, S., Purkait, S.,
Chakravartty D., & Mitra, A. (2016). Growth
performances, feeding ecology and prey preferences of
tade mullet, Liza tade (Forsskal, 1775) in extensive
brackishwater farming system. International Journal of
Fisheries and Aquatic Studies, 4(3), 436-443.

Mookerjee, H.K., Ganguly, D.N., & Sircar, A. (1946). On the
composition of food of the Indian mullet Mugil parsia
(Ham.) with suggestions to culture them in fresh water

ponds of Bengal. Proceedings of the Indian Science
Congress Association, 33: 132.

Mookkan, M., Muniyandi, K., Rengasamy, T. A., Premkumar.,
Ramasubbu, S., Raman, V., & Thiagarajan, G. (2014).
Influence of salinity on survival and growth of early
juveniles of Spotted scat Scatophagus argus (Linnaeus,
1766). Indian Journal of Innovations and Developments,
3(2), 23-29.

Myrick, C. A. (2011). Physiology of Fish in Culture
Environments. Encyclopedia of Fish Physiology, 2084—
2089.

Navas, K. A., & Sebastian, M. J. (1989). Effect of low salinities
on the survival and growth of Penaeus monodon
(Fabricius). Indian Journal of Fisheries, 36 (3), 257 — 261.

Nordlie, F. G. (2009). Environmental influences on regulation
of blood plasma/serum components in teleost fishes: a
review. Reviews in Fish Biology and Fisheries, 19(4), 481—
564.
https://doi.org/10.1007/s11160-009-9115-4

Oren, O.H. (Ed) (1981). Aquaculture of Grey mullets.
International Biological Progamme, 26, Cambridge
University Press, New York, USA.

Padmakumar, K.G., Manu P.S., & Bindu L. (2009). Open water
farming of pearlspot Etroplus suratensis (Bloch) in low-
volume cages. Asian Fisheries Science, 22(2), 839-847.

Pandian T.J. (1966). Feeding and reproductive cycles of the fish
Mystus gulio in the Cooum backwaters, Madras. Indian
Journal of Fisheries, 13(1 and 2), 320-333.

Partridge, G. J., & Jenkins, G. I. (2002). The effect of salinity on
growth and survival of juvenile black bream
(Acanthopagrus butcheri). Aquaculture, 210(1-4), 219—
230.
https://doi.org/10.1016/s0044-8486(01)00817-1

Rajyalakshmi, T. (1980). Manual on brackishwater
aquaculture, India, Central Inland Fisheries Research
Institute Bulletin, 31, 1-126.

Ramanathan, N., Padmavathy, P., Francis, T., & Athithan, S.
(2004). Culture of Penaeus monodon in freshwater
ponds. Indian Journal of Fisheries, 51(3), 303-310.

Rao, D.V., Devi, K., & Rajan, P.T. (2000). An account of
Ichthyofauna of Andaman and Nicobar Islands, Bay of
Bengal. Records of the Zoological Survey of India,
Occasional Paper No. 178, Zoological Survey of India,
Kolkata 434 pp.

Ray, P. (1993). Aquaculture in Sundarban delta, its perspective:
An assessment. International Books and Periodical
Supply Service, New Delhi, India.

Resley, M.J., Webb Jr., K.A., & Holt, J.G. (2006). Growth and
survival of juvenile cobia, Rachycentron canadum, at
different salinities in a recirculating aquaculture system.
Aquaculture, 253(1-4), 398-407.
https://doi.org/10.1016/j.aquaculture.2005.08.023

Saha, S.B., Bhattacharyya, S.B., & Choudhury, A. (1999).
Preliminary observation on culture of Penaeus monodon
in low-saline waters. Naga, The ICLARM Quarterly, 22(1),
30-33.

Saleh, M. (2008). Capture-based aquaculture of mullets in
Egypt. In A Lovatelli and P.F. Holthus (Eds), Capture-
Based Aquaculture, Global Overview (pp. 109-126). FAO
Fisheries Technical Paper No. 508, FAO, Rome.

Samocha, T.M., Lawrence A.L. and Pooser D. (1998). Growth
and survival of juvenile Penaeus vannamei in low salinity
water in a semi-closed recirculating system. The Israeli
Journal of Aquaculture-Bamidgeh, 50(2), 55-59.


https://doi.org/10.1023/b:aqui.0000013321.93743.6d
https://doi.org/10.1242/jeb.118695
https://doi.org/10.1016/j.aquaculture.2005.05.021
https://doi.org/10.1016/s1095-6433(03)00136-3
https://doi.org/10.1111/j.1365-2109.2003.00954.x
https://doi.org/10.1007/s10499-004-3099-9
https://doi.org/10.1111/are.12633
https://doi.org/10.1016/b978-0-12-374553-8.00212-4
https://doi.org/10.1007/s11160-009-9115-4
https://doi.org/10.1016/s0044-8486(01)00817-1
https://doi.org/10.1016/j.aquaculture.2005.08.023

Aquaculture Studies

AQUAST657

Saoud, I. P., Davis, D. A., & Rouse, D. B. (2003). Suitability
studies of inland well waters for Litopenaeus vannamei
culture. Aquaculture, 217(1-4), 373-383.
https://doi.org/10.1016/s0044-8486(02)00418-0

Sarig, S. (1981). The Mugilidae in polyculture in fresh and
brackish water Fish ponds. In O. H. Oren (Eds),
Aquaculture of Grey Mullets (pp. 391-409). Cambridge
University Press; Cambridge, UK.

Sundararajan, D., Victor Chandra Bose, S., & Venkatesan, V.
(1979). Monoculture of tiger prawn, Penaeus monodon
Fabricius, in a brackishwater pond at Madras, India.
Aquaculture, 16(1), 73-75.
https://doi.org/10.1016/0044-8486(79)90174-1

Talwar, P.K., Jhingran, A.G. (1991). Inland fishes of India and
adjacent countries. Vol-1 and Vol-2, Oxford and IBH
Publishing Co. Pvt. Ltd. New Delhi, Bombay and Calcutta,
1063 pp.

Thampy, D.M. (1980). Culture of Etroplus suratensis (Bloch).
Summer Institute of Brackishwater Capture and Culture
Fisheries. CIFRI, Barrackpore. India.

Thomson, J.M. (1966). The grey mullet. In H. Barnes (Eds),
Oceanography and Marine Biology -an Annual Review,
Volume 4 (pp. 301-355). Allen and Unwin, London.

UNESCO (2009). Case studies on climate change and world
heritage site. UNESCO World Heritage Centre. The
United Nations Educational, Scientific and Cultural
Organization, France.

Verghese, P.U., Ghose, A.N., & Das, P.B. (1975). On growth,
survival and production of jumbo tiger prawn Penaeus

monodon (Fabricius) in brackishwater ponds. Bulletin of
the Department of Marine Science Cochin, 7(4), 781-

789.
Wallace, J.H. (1975). The estuarine fishes of the east coast of
South Africa. |. Species composition and length

distribution in the estuarine and marine environments.
Il. Seasonal abundance and migrations. Investigational
Reports No 40. South African Association for Marine
Biological Research, The Oceanographic Research
Institute, Durban, South Africa.

Weirich, C. R., Wills, P. S., Baptiste, R. M., Woodward, P. N., &
Riche, M. A. (2009). Production Characteristics and Body
Composition of Florida Pompano Reared to Market Size
at Two Different Densities in Low-Salinity Recirculating
Aquaculture Systems. North American Journal of
Aquaculture, 71(2), 165-173.
https://doi.org/10.1577/a08-016.1

Wells, R.D.S. (1984). The food of the grey mullet (Mugil
cephalus L.) in Lake Waahi and the Waikato River at
Huntly. New Zealand Journal of Marine and Freshwater
Research, 18(1), 13-19.

Woo, N. Y. S., & Kelly, S. P. (1995). Effects of salinity and
nutritional status on growth and metabolism of Spams
sarba in a closed seawater system. Aquaculture, 135(1-
3), 229-238,,
https://doi.org/10.1016/0044-8486(95)01003-3

Zar, J. H. (1999). Biostatistical Analysis. 4th ed. Upper Saddle
River, NJ: Prentice-Hall.


https://doi.org/10.1016/s0044-8486(02)00418-0
https://doi.org/10.1016/0044-8486(79)90174-1
https://doi.org/10.1577/a08-016.1
https://doi.org/10.1016/0044-8486(95)01003-3

