X Y £ 1=
HID 31 Py
ICAR

A STUDY ON ACCLIMATIZATION AND SURVIVAL ANALYSIS OF
CYPRINUS CARPIO (LINNAEUS, 1758) REARED AT DIFFERENT
SALINITIES

Dissertation submitted in partial fulfillment

of the requirement

for the degree of

M. F. Sc. (Fish Genetics and Breeding)

by
RAJANAND S, B. F. Sc.
(FGB-MA6-05)

ICAR-CENTRAL INSTITUTE OF FISHERIES EDUCATION
(University Established under Sec. 3 of UGC Act 1956)
Panch Marg, Off Yari Road, Versova, Andheri (W),

Mumbai — 400 061

JULY, 2019



Rajanand S 2016. A Study on Acclimatization and Survival Analysis of
Cyprinus Carpio (Linnaeus,1758) Reared at Different Salinities, M.F.Sc.
Dissertation, ICAR-Central Institute of Fisheries Education (University
Established Under Section 3 of UGC Act 1956) Panch Marg, Off Yari Road,
Versova, Andheri (W), Mumbai — 400 061



THIS STUDY IS DEDICATED FOR MY ADVISORS,
WHO PROVIDED THE Ve & FOR MY PARENTS,
WHO PROVIDED THE Vg



DECLARATION

| hereby declare that the dissertation entitled “A STUDY ON
ACCLIMATIZATION AND SURVIVAL ANALYSIS OF CYPRINUS CARPIO
(LINNAEUS,1758) REARED AT DIFFERENT SALINITIES” is

an authentic record of the work done by me and that no part thereof has been

presented for the award of any degree, diploma, associateship, fellowship or any
other similar title.

Date:26July,2019

Place: Mumbai

(Rajanand S)
M.F.Sc. Student
ICAR-CIFE, Mumbai



ACKNOWLEDGEMENTS

Writing this most difficult but non-taxing chapter is a soulful
acknowledgement of gratitude towards people who stood to extend their helping
hands in various ways during my academic life and especially during this study. While
few names are being mentioned many more are missing, but | hope those names
shall be read between the lines, | owe deep seated gratitude to all those missing
names.

First and foremost, | express my reverence to ‘God almighty’ for giving me
enormous strength to overcome the adversities in my life.

It is exquisitely a jubilating occasion and unique opportunity to express my
deepest sense of indebtedness and everlasting gratitude to my esteemed major
advisor Dr. Naresh S Nagpure, Principal Scientist, Fish Genetics And Biotechnology
Division, CIFE, Mumbai for his constructive comments, indefatigable effort, heart-
warming encouragement, and especially his friendly gesture at every step of my
dissertation work. | also thank him from core of my heart for allowing me to work
under his supervision.

My heartfelt gratitude and special thanks to co-advisor Dr. Shrinivas
jahageerdar, Principal Scientist, Fish Genetics and Biotechnology Division, CIFE,
Mumbai, for suggesting this topic and especially for helping me in every sessions of
my academic life and this study by treating me same as his own student. Without his
help, this work wouldn’t have completed.

My heartfelt gratitude to Dr.Mujahidkhan A Pathan, Scientist, Fish Genetics
and Biotechnology Division, CIFE, for his unconditional commitment to help me to
complete my work.

My sincere thanks to my advisory committee member, Mr. V Harikrishna,
Scientist, CIFE Rohtak centre for his support, guidance, instinctive attention, candid
suggestion and timely support.

It’s my greatest privilege to express sincere gratitude to Dr. Aparna Chaudhari,
Principal Scientist and HoD, Fish Gentics & Biotechnology Division, CIFE, for her
scholarly guidance and constant encouragement throughout the period of the study.



| express my sincere gratitude to Dr. Gopal Krishna, Director & Vice-
Chancellor, CIFE, for permitting me to do my research work in this esteemed
institution. | express my sincere thanks to all my respected teachers, faculty members
of FGB Division Dr. Rupam sharma and Mr. Agnom Lenin Singh for their co-
operation, kind support and timely help during the course of my research work.

I am much thankful to all the staffs of CIFE Rohtak Centre, for giving their precious time
and who helped mein sampling and the completion of the research possible.

| extend my sincere thanks to my seniors Dayal, Shyam, Nes, Tushar, Rameez Roshan and
Hafeef Roshan for their kind support. | thank my batch mates Bibin, Mehroof, Sathya, Dhaya,
Kesavan, Rajesh, Gavin, Chittaranjan, Saumya, and Ritty for their constant motivation, support,
and for the great moments together and for the friendly environment. It wasbecause of their
companyandwarmththatl wasableto accomplish my goal. | am much thankful to my juniors
lhzan, Phibi, Vivek, Alok & Hussain

| am thankful to my family and friends, who continued to support me throughout my
M.F.Sc period and | am gratefully acknowledge the financial help received from CIFE, Mumbai
during the entire period of my post-graduation. There are so many others whom | may have
inadvertently left out.Isincerely thankall ofthem for their help.

Isincerely acknowledge thelCAR and CIFE foe providing mefellowship without which | would
not have been in a position to complete this work.

Lastly, | bow my head and bend my knees before the Almighty who is most benevolent,
beneficent and whose blessings have solely contributed for my success.

(x

26July 2019 W
CIFE, Mumbai Rajanand$



AR

A 31T D! THRI BT, S0 1MUY, Th S Tead™ HIY Feflerd! ol
AU AW BT THIH & o YRE TohaT 7T T dfTfch -IRIRT TRUT o UTa &1 ! ol
VAN STHR SAIHIrd haT ST ¥h gie 3R ITRSNfadT & g AGUIdT | T H1d ol
3T P foTE A1 1T § i SUH S AauidT He-RiadT, 3! 3fg o, 3 JiR
TE U g | Wmﬁwumaﬁﬁ&mﬁamw?ﬂ%mw
JUEAR Yol BT ST YhdT § | 37e0T B aefHT S & URUMH Hg H19 & Te
%Wmmﬁﬁﬁmﬁﬁ%mﬁumﬁuﬁ%%umeﬁvm
%ﬁﬁo‘ﬂﬁ%%u&rmwﬂﬁma BT | WRUA 3R dTIHH &1 Se-3er f$h &
foTT MR P ISR FHRh 3 HTY (IR IR $d 11 ITAR UihATT STATTd Bi T3 |
JARSITAdT &R b §1d Bl HE@YU 3R g U7 Sfd AaurdT 10 YTt de 56 T3 ot aqurdt
G B &R & F1ae]g, 10 TIHIET Taurd IR ST 929% Siifad g+ &1 &2 | gTdifds, STAR
DI ITRONAAT &R & §d Uh Hedqul SR ol 77 T 5§ aaurdT | gfg g5 ot /@
AT R W 15 Uit dob Ugeq do ufd fa 1 fididt &t &R Q A9urar & dgaR @RVl
Tieih e | S JobdT § 15 TIUIET TaurdT TR 3 71.7% Sitfdd 387 Pt &3 ¢t TS |
SHfad 61 B R | DI AGaYU 3R I IUTRI | Sof Te| foba T 4T Tgf Ueh &1 &Rk W
aural # 3fa g8 2 (T3 & A | 70.66% STifad X8+ ®I &) oI WRUT & FGIax 15
diditet &R fean man i SR s aroem & e Te T Jesid @R 25
f&1 Bt qEaTafy, 70% H ITRSHAAT & 3R 68% HURT: Gol fdaTl T 4Tl 15 YTt
U & SR TG & P HEeaqy & 20 YT Taurr TR 100% TG &R PT HRUT S|
o TE@yul gRadd Sdd! @) aRgeHdl Srid | A%, fhet 3R diaR & oft

3 T 1 1 TR 10 T @ R o e % Gud A 4




ABSTRACT

The present study was undertaken to understand the salinity tolerance of common
carp, Cyprinus carpio, a high valued carp species so that the nursery phase rearing
conditions can be optimized by observing the optimal salinity for growth and survival.
Common carp is selected for the study because it has a high salinity tolerance, good
growth rate, fetches a high market value and so it can be a considered as a candidate
species for inland saline aquaculture in salt affected lands. The results of the present
study will help to fill the knowledge gaps for rearing the common carp seed for inland
saline aquaculture and will help in income generation for the farmers in those areas.
A total of 11 treatment procedures were conducted on common carp fingerlings by
exposing the animals to varying degrees of salinity and temperature. There was no
significant difference between the survival rates when salinity was increased up to 10
ppt irrespective of the rate of increasing the salinity, showing an average of 92%
survival rate at 10 ppt salinity. However, a significant difference between the survival
rate of the treatments was observed when salinity was increased until 15 ppt at
different rates. Thus, increasing the salinity at a rate of 1 ppt per day until reaching
15 ppt can be considered the better acclimatization protocol for common carp
fingerlings. An average of 71.7% survival rate was observed at 15 ppt salinity. No
significant difference in the survival rate was recorded in the treatments where salinity
was increased at the same rate (70.66% survival rate in case of T3 & 68% survival
rate for T4), while temperature was altered (24°C in case of T3 and 10-16°C iin case
of T4). When salinity was increased up to 15 ppt within a time period of 25 days by
keeping an experimental setup for controlled and uncontrolled temperature, a
survival rate of 70% & 68% was recorded respectively. Above 15 ppt salinity
significant rate of mortality was observed causing 100% mortality at 20 ppt salinity.
Significant changes in molecular architecture of tissues viz. gills, kidney and liver was
also observed when the fingerlings exposed to salinities above 10 ppt.
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INTRODUCTION



1. INTRODUCTION

In India fisheries, and aquaculture is a fast-developing sector, and, the
annual fisheries, and aquaculture production was recorded as 12.6 million metric
tonnes during 2017-18 (NFDB, 2019). Of the total aquaculture production, freshwater
aquaculture contributes to over 95 percent, which includes the culture of carp fishes,
catfishes (air-breathing, and non-air breathing), freshwater prawns, tilapia, etc. The
creation of carp in freshwater, and shrimps in brackish water from the bulk of
significant areas of aquaculture activity. The three Indian major carps, namely Catla
(Gibelion catla), rohu (Labeo rohita), and mrigal (Cirrhinus mrigala) contribute the
bulk of production to the extent of 70 to 75 percent of the total freshwater fish
production, followed by silver carp, grass carp, common carp, catfishes forming a
second important group contributing the balance of 25 to 30 percent, (FAO, 2014).
Common carp contributed 8% to the total world aquaculture production for 2016
(SOFIA, 2016).

The potential of inland saline water for aquaculture in India has been
identified as a high-priority research area. Considering this aspect, research, and
education facilities have been constructed in Haryana (e.g. Central Institute of
Fisheries Education at Rohtak) aimed explicitly to analyse and evaluate the potential
for aquaculture using inland saline water, and also to educate farmers in advanced

technology.

Cyprinus carpio, commonly known as common carp, is one among the
oldest cultured, and domesticated fish. Compared to the global aquaculture
production of freshwater fishes, aquaculture production of common carp has also
increased accordingly. In 1939, three varieties of the Prussian strain of common
carp, viz., the scale carp (Cyprinus carpio communis), the mirror carp (C. carpio
specularis), and the leather carp (C. carpio nudus) were introduced in India. And in
1950s they were stocked in various higher altitude ponds, and lakes. Later, in 1957,
considering the warm water adaptability, natural breeding, omnivorous feeding

habits, excellent growth, and hardy nature of the Chinese (Bangkok) strain of the



common carp was brought into the country, primarily for aquaculture purposes. Since
itis a delicious, and valuable fish species among other major carps Its culture is very
prevalent in the Indian sub-continent. It is known to exhibit salinity tolerance, and
some studies have revealed that the common carp can tolerate, and survive up to 10
PSU salinity (seawater), its growth is affected beyond six PSU. Similar observations
were recorded in a study on Amur carp, a variety of common carp imported from
Hungary (Basavaraju, and Reddy, 2013) in inland saline water at CIFE, Rohtak
Centre (unpublished data). If salinity tolerance of common carp is increased by
genetic selection, then the salinity tolerant strain will have high global demand, and
will be of great importance not only in terms of an export commodity (like GIFT tilapia)
but also in terms of nutritional security in climate change scenario in the future.
According to the various previous studies, it is understood that salinity is one among
the significant environmental parameters influencing the growth, and distribution of
fish, affecting survival by adversely affecting feeding, and requirement of energy for
the regulation of ionic, and osmotic conditions of internal fluids (Boeuf, and Payan,
2001; De Boeck et al., 2000).

For optimizing the primary conditions for the cultivation of many
freshwater fishes which have the potential for aquaculture in inland saline water,
salinity tolerance is one among the crucial factor. Similar to other environmental
factors, variations in salinity affect functional traits related to growth, survival, and
other physiological functions of freshwater fishes. When environmental salinity
changes, osmotic pressure in freshwater fishes is regulated by consuming energy.
But rapid changes in salinity exceeding the tolerance limits cause the death of an
aquatic animal. Hence, itis vital to understand the impacts of salinity on the tolerance,

and survival of common carp when they are subjected to changes in salinity.

Naturally, when compared with those seawaters diluted to the same
salinity, inland saline water often have different ionic proportionalities. This is caused
by the differential precipitation of salts as water evaporates, and ions get removed by
the reactions with other geological material, and soil (Gong et al., 2004). Fielder et

al., 2001 studied that the significant anions found in seawater, in order of magnitude,



are chloride (CI), sodium (Na®*), sulfate (SO?), magnesium (Mg), calcium (Ca?*), and
potassium (K*) (Spotte, 1979). In the arid, and semi-arid regions of Rajasthan,
Haryana, Punjab, and Gujarat, and to a lesser extent in Uttar Pradesh, Delhi, Madhya
Pradesh, Maharashtra, Karnataka, Bihar, and Tamil Nadu, the salinity of the
groundwater is prominent. About 2 lakh sq. Km area of land has been estimated to
be affected by saline water with an electrical conductivity (EC) over 4000 pS/cm. An
EC values of groundwater that are higher than 10000 uS /cm was recorded at several
places in Rajasthan, and Southern Haryana where, making water non-potable.
Surface water irrigation without consideration of groundwater status also causes
inland salinity. Salinity problem in command areas were caused by the gradual rise
of groundwater levels with time that resulted in waterlogging, and substantial
evaporation in semi-arid regions. According to the recent assessment, about 2.46
million ha of the area under surface water irrigation projects is waterlogged or
threatened by waterlogging. The underground waters of Haryana in India are highly
saline ranging from 5 to 30 PSU. Inland saline groundwater could pose a serious
threat to production in agriculture since it is neither fit for agriculture nor human
consumption. However, a potential opportunity for the development of inland

aquaculture is possessed by these saline water reserves.

The mechanism of seawater tolerance in between the species (or
individuals) is not well understood, it could be related to the physiological adjustments
by the gill during salinity acclimation, especially in the regulation of gill Na*, K*
ATPase. Teleost fishes inhabiting freshwater and seawater maintain the osmolality
of their body fluid at a relatively constant level. Water, and ionic regulations in fish
takes place mainly in the gills, kidney, and, intestine, generating ionic, and osmotic
gradients between external environments, and the body fluid. In the gill epithelium,
and opercular membrane, specialised cells known as chloride cells are present, and
these are the important osmoregulatory sites in maintaining ionic balance in fish
(Marshall, 1995; McCormick, 1995). The chloride cells are responsible in ion
secretion in seawater (Marshall, 1995; Zadunaisky, 1997), and possibly for ion uptake
in freshwater (Perry, 1997). The active ion uptake by freshwater teleosts, and active

Na*, and CI~ secretion by marine teleosts are processed at gill (Evans et al., 2005).



Na*/K*-ATPase maintains Na+, and K+ gradients across the basolateral membrane
and hence plays a central role in both models. The energy source for the active
movement of ions into or out of the fime bas*/K* -ATPase are these gradients and it
acts as the sole energy provider in the gill dynamic ion secretion model of marine
species (Silva et al., 1977), whereas in the active ion uptake model of freshwater
fishes, Na*/K* -ATPase appears to work in tandem with an apical H*-ATPase to move

Na* across the gill epithelium (Avella, and Bornancin, 1989).

The understanding on salinity tolerance at different temperatures, and
its corresponding complex osmoregulatory mechanism, and the physiological
responses of freshwater stenohaline species when exposed to saline environments
has recently evoked a greater interest in the scientific community owing to its
application in inland saline aquaculture. However, the field-based studies in common
carp on aspects such as salinity acclimation, tolerance, metabolism, and, ion-
osmoregulation have been minimal. Thus with these priorities, the present study was

carried out with the following objectives.

1. To conduct a survival analysis experiment in Cyprinus carpio exposed to

various salinity levels.

2. To study the level of acclimatization of Cyprinus carpio fingerlings to

different salinities.



RIVIEW OF LITERATURE



2. REVIEW OF LITERATURE

Inland saline aquaculture may offer income diversification, and
potentially productive use of land that can no longer support traditional agriculture in
salt-affected parts of inland production, and, investment levels are characteristically
low. It needs to develop in a manner that both prevents further degradation of
agricultural 1, and, and provides opportunities for an alternative, and sustained

economic base for dependent rural communities.
2.1. Inland saline waters

Garg. (1996) conducted studies to assess the possibilities of utilizing
drainage effluents (salinity range 5.0-12.5 PSU), for fish culture. Experiments on
polyculture using cow dung (24,000 Kg ha-1y-l) as pond fertilizer were conducted at
five different salinity levels (0.3--8.5 PSU). Studies have revealed that carp perform
well in salinities up to 7.5 PSU, and, reasonably high fish production has been
obtained. Even though the ponds had a high trophic status, higher salinities (> 7.5
PSU) appear to repress fish growth probably due to low dissolved oxygen (DO), high
BOD, and, high NH4-N. Experiments on monoculture of common carp (Cyprinus
carpio) conducted at two different salinity levels (0.3-0.9, and 6.0-7.0 PSU) using four
different organic fertilizers (cow dung at 24,000 Kg, and 20,000 Kg, poultry at 1,500
Kg, duck at 6,000 Kg, and sheep/goat at 1,500 Kg ha-1y-I) have revealed the highest
fish growth to be in poultry-treated ponds, followed in decreasing order by duck, and
sheep/goat wastes. Similar trends in fish production were observed both in fresh, and
saltwater ponds. However, fish production was lower in ponds having higher salinities
(> 7.5 PSU). Nevertheless, these studies indicated that inland saline waters could be
utilized for fish culture. With -some modifications in the existing technology of fish
culture in stagnant freshwater fish ponds, animal wastes could be used to fertilize
brackish water fish ponds (Abrol, and Bhumbla, 1971).

Mangat, and Hundal, (2014) explored the possibility of bringing the

brackish water area of the state under inland fisheries, the possibility. Laboratory



studies have been designed to explore the tolerance of fingerlings at different
salinities during different seasons to observe their survival rate. A total of four
hundred, and fifty fingerlings were subjected to salinity regimes of O, 1.5, 3, 6,, and
12 PSU for 60 days during different seasons (summer, autumn, and, winter).
Temperature variations were indicative of the seasonal changes in the ambient
environment. Hundred percent survivals were detected at 0 PSU to 6 PSU salinity
during all the seasons. Mortality recorded was 100% at 12 PSU salinity during
summer (28.0°C-37.0°C), and autumn (22.5°C-30.5°C), while 50% survival was
observed during winter (14.50C-19.00C). Fish showed high appetitive behaviour to
food between 0 to 6 PSU salinities. Thus the above study suggested that common
carp fingerlings can be reared in coastal waters with a salinity of up to 6 PSU with
100% survival rate indicating that the high salinity areas may be explored for fisheries

as well as for stocking enhancement programs.
2.2. Biological Studies

To bring more areas under inland fisheries, the possibility of bringing
the brackish water area of Punjab is being explored. Laboratory studies have been
designed to explore the tolerance of fingerlings at different salinities during different
seasons to observe their survival rate (Mangat et al., 2014). Temperature variations
were indicative of the seasonal changes in the ambient environment. The 100%
percent survivals were observed for fingerlings of common carp at 0 PSU to 6 PSU
salinity during all seasons. The fish exhibited high appetitive behaviour to food

between 0 to 6 PSU salinities.

Based on the studies of Gudrun de Boeck (2000), it can be concluded
that the energy metabolism of common carp was adversely affected by the result of
the decreased food intake due to salt exposure. Although food consumption fell, and
growth rates dropped, an increase in routine oxygen consumption was observed,
which indicated a reallocation of energy use from growth towards stress-related
processes. A stress-induced increase in plasma glucose was observed, as a result

of low food intake, lower levels of protein were used for fuel. Protein use itself was



probably replaced by the use of carbohydrates. These effects were confirmed by the
depletion of both muscle, and liver energy stores of glycogen during the experimental
period.

2.3. Physiological Studies

Maceina, and Shireman, (1979) exposed the fingerling (100-120 mm
total) length of grass carp (Ctenopharyngodon idella), were to various hypotonic, and
hypertonic waters to determine tolerance, bodyweight loss, and muscle tissue water
content. After acclimation at 8.0%o, LDso's for 24, 48, and 96 hours were of 15.7, 15.1,
and 15.1%o salinity, respectively. No mortalities occurred when fish was exposed at
14.0%o0 for 96 h, but a decrement of 8.5 in the total body weight occurred. At lower
salinities, the bodyweight got reduced only by 0.8-1.7%, and as the salinity increased,
the water content of muscle tissue declined from 80.0% in freshwater to 74.4% (at
14.0%o). Death at salinities higher than 14.0%. was attributed to the Failure of cellular

processes to adjust to dehydration.
2.4. Histopathological Studies

Freshwater fish are under continuous pressure to conserve salts,
whereas the reverse is true for marine species, which must preserve water
(Greenwell et al. 2003). Among fishes in general, the ability to adapt to alterations in
salinity varies markedly, and often is indirectly proportional to the pace of the
changes. In natural settings, salinity levels can fluctuate with tides, season, or
evaporation from surface waters. Few studies have investigated potential
morphologic effects of salinity as the sole stressor. An experiment to assess optimal
stocking densities for sea bass (Dicentrarchus labrax) fingerlings applied
hypersalinity as a stressor and temperature modifications (Via et al., 1998). But an
experiment that specifically evaluated the tolerance of hybrid tilapia (Oreochromis
mossambicus x O. urolepis hornorum) to hypersaline water found that the primary

morphologic indicators of hypersaline stress, and the most sensitive of several



endpoints tested, were ultrastructural changes in the gills (Sardella et al., 2004). In
anadromous fish such as salmon, physiological changes associated with
smoltification (the metamorphic transformation that occurs in juveniles before their
freshwater to marine migration) are consistently stressful, as suggested by changes
in plasma cortisol levels (Barton 2002).

Hypersalinity results in a qualitatively different type of negative
response. Apoptosis of chloride cells (branchial cells that facilitate ion transport, and
have an integral role in acid-base regulation; Perry 1998) occurred in hybrid tilapia
exposed experimentally to various concentrations of hypersaline water for a model

of salinity tolerance (Sardella et al., 2004).

According to the studies conducted by Galat et al.,(1984) regarding the
histological changes in the gill, kidney, and liver of Lahontan cutthroat trout, Salmo
clarki henshawi, living in lakes of different salinity-alkalinity, gill chloride cell
hyperplasia, gill lamellar epithelial separation, glomerular kidney, blood congestion in
kidneys,, and deposition of hyaline droplets in kidney glomeruli, tubules, and
hemopoietic tissues were the histological alterations statistically associated with the

change in salinity, and alkalinity of the water.

A study was carried out in the laboratory on the adaptability, and
tolerance of the Tilapia fingerlings, Oreochromis sp. to different salinities by Hassan
et al. (2013), possibility of its culture in the marine environment or brackish water.
The histopathological changes, and behavioral changes of the fish challenged with
four different salinity treatments, including a control (0, 5, 20, and 35 PSU) for 96
hours. The results showed that all fish survive in 0 PSU, and five PSU, while 75%
death in 20 PSU, and 100% death in 35 PSU. The mortality rate was increased with
an increase of salinity. Fish exposed to different salinities exhibited clinical signs,
agitated behavior, respiratory distress, abnormal nervous behavior, and death were
recorded. Degeneration, necrosis, hemorrhage, and hyperplasia of kidneys, and gills

were observed as significant histopathological changes.

2.5. Causes of stress



Long term exposure to brackish water affected the capacity of common
carp C. carpio to adjust with hypoxic conditions, and the critical oxygen
concentrations for oxygen consumption increased (De Boeck et al., 2000). Besides,
the regulation of ammonia excretion was impaired. The cytosolic phosphorylation
potential (the index of the energy status of a cell in terms of potential transferable
phosphate groups) in the lateral muscle, on the other hand, and remained relatively
unaffected, indicating that oxygen transport to the tissues was not severely
compromised. It appears that exposure to salty water reduces the capacity of
common carp to cope with hypoxic conditions mainly because of the high energetic
cost of hyperventilation under conditions where energy stores are depleted, and not
because of any impeded oxygen transport mechanisms.

According to Boeck et al., 1996, increased salinity caused increased
levels of dopamine (DA), and serotonin (5-HT),, and that could be one possible role
of these changes in neurotransmitter metabolism could be to control the release of
prolactin, and cortisol, two major hormones involved in the regulation of ion

homeostasis in teleosts.

Mohamad (1979), conducted studies on salinity tolerance at different
temperatures in Rhinomugil corsula, Cirrhinus mrigala, Labeo fimbriatus, Cyprinus
carpio, and Sarotherodon mossambica. Among the five species, the fingerling of R.
corsula tolerated salinity better than the remaining four species at the same
temperature (30°C). The saltwater acclimation in L. fimbriatus has not enhanced the
survival limit of this species to salinity, and it could only increase the resistance to
salinity. As in the case of euryhaline R corsula, and S mossambica, the salinity
acclimation did not bring about a marked change in the tolerance limit among the
stenohaline carp. L fimbriatus. The stenohaline carps have a comparatively low

tolerance, and adaptability to salinity.
2.6. Survival and Growth

According to Holiday et al. (1969), the survival of the fish depends on

the ability of the fish to maintain the body fluids at least for a short time in an abnormal



range of internal osmotic, and ionic concentrations. The fish can regulate the body
fluid to restore the level of osmotic pressure to near normal. The migration or abrupt
transfer of fish from freshwater to seawater will generally lead to increased osmotic
concentration of fish blood serum, and change in ionic contents (Miles, and Smith,
1968).

In a study conducted by Sharma et al., (1985), it was observed that the
survival, growth, and development of common carp larvae increased with increasing
salinity up to 3 PSU. The salinities investigated (0.3, 1.5, and 3 PSU, respectively)
also appeared to enhance the viability, and hatchability of the eggs compared with

freshwater.

The salinity tolerance of common carp is similar to that of goldfish (Du
Jiayin, 1986) higher than that of silver carp (Von Oertzen, 1985), and lower than those
of Tilapia zillii (Chervinski, and Zorn, 1974, Tilapia rendalli (Whitfield, and Blaber,
1981, rainbow trout (Stickney, 1986), and grass carp (Ctenopharyngodon idella)
(Chervinski, 1977; Kilambi, and Zdinak, 1980).

According to Kumar et al. (2017), P. hypophthalmus can survive up to
15 PSU in inland saline water. The study indicated that P. hypophthalmus could
tolerate the salinities up to 15 PSU in inland saline water, whereas 100% mortality
has been observed at salinities 20 PSU, and 25 PSU. This is an indication that the
fish was entirely able to regulate their body physiology up to 15 PSU, and at further
high salinities, the fish could not survive due to osmoregulatory failure. According to
Deacon, and Hecht (1999), the mortality observed in the fish when exposed to the
higher salinities could be a consequence of the progressive deterioration in the
osmotic, and ionic regulatory mechanisms, including excessive water loss to

osmoregulatory Failure.

According to Mangat et al. (2014), in their studies, the Salinity tolerance
of laboratory-reared fingerlings of common carp, Cyprinus carpio (Linn.) during
different seasons, the fingerlings were able to regulate their body physiology within

this salinity-temperature regime, it is supplemented by the findings of Islam et al.



(2014), who also recorded 100% survival rate at 0 to 6 PSU salinities in rohu
fingerlings. At 12 PSU salinity, mortality was observed from the very first day, and
100% mortality within 3-4 days was recorded during summer, and autumn season
temperature indicating stress conditions in fish leading to fatality during these
temperature ranges. Salinity stress in freshwater fish primarily affects the gills, as the
primary organ involved in osmoregulation, and waste nitrogen excretion (Nikolsky,
1963). Upper tolerance limits have been reported as 6 PSU for young, and 4.5 PSU
for eggs (McCrimmon, 1968). While high salinity has been known to display a highly
disrupted epithelium with diffuse edema of both the primary, and the secondary
lamellae (Holliday, and Jones, 1967), and this could be the reason why 100%
mortality of fish fingerlings in 12 PSU salinity during these seasons was observed.
Researchers have recorded 71-90% mortality in 24 hours under 15% salinity in grass
carp fingerlings (Kilambi, and Zdinak, 1980), Crivelli (1981) has reported that the
common carp occurred in brackish-water marshes with salinities up to 14 PSU in

southern France.

2.7. Acclimatization

Studies on salinity acclimation, tolerance, metabolism, and ion-
osmoregulation in fishes have been made by Armitage, and Olund (1962), Potts, and
Parry (1964), Potts, and Evans (1967), Nelson (1968), Rao (1969, 1971),
Parvatheswara Rao (1970), Prosser et al., (1970), Feldmeth, and Waggoner (1972),
Mackay (1974), and others. Besides acclimation, the knowledge on salinity tolerance
at different temperatures, and the complex osmoregulatory mechanism it leads to is
essential, mainly because of the present stress being given on the aquaculture in

saline, and wastewaters.

Chervinski (1983) conducted experiments to determine the adaptability
of mosquitofish to various salt concentrations. Mosquito fish, Gambusia affinis, (total
length 27-37mm) were subjected to abrupt, and gradual changes from freshwater to
different salinities. Low mortality (10%) occurred when the fish were transferred from

freshwater (S = 0-5 %o) to 50% seawater (S = 19-5 %o0). Through gradual adaptation,



65-0% of the fish were able to tolerate 100% seawater for 7 days. After a seven day
stay in seawater, fish were readapted to freshwater during a three h period. The
results indicated that they were well able to tolerate the abrupt change. Through a
gradual adaptation, fish were also able to tolerate salinities ranging from 39-0 %o (100

% seawater) to 58-8 %e.

Hart et al., (1991) reported that in Victoria, Australia, both dryl, and
salinity, and salinity in irrigation regions are agricultural severe problems. They
studied the lethal, and sub-lethal effects of salinity on microbes (mainly bacteria),
macrophytes, and micro-algae, riparian vegetation, invertebrates, fish, amphibians,
reptiles, mammals, and birds. Data suggest that direct adverse biological effects are
likely to occur if salinity is increased to around 1000 mg L™t in Australian river, stream,

and wetland ecosystems.

In the present study, the conduction of survival analysis studies on the
fingerlings of common carp can help to develop a better protocol for faster
acclimatization of the common carp fingerlings to the salinities of inland saline water
for aquaculture production purposes. The study involved exposure of common carp
fingerlings to various salinity levels at the inland saline water systems at a different
rate of increment in salinities to estimate the survival rate of common carp to each

treatment.



MATERIALS AND METHODS



3. MATERIALS AND METHODS

3.1. Procurement of fish stock

A total of 2100 common carp fingerlings from two stocks (Powerkheda,
and Rohtak stock) were acquired from ICAR-CIFE Powerkheda Centre, and ICAR-
CIFE Rohtak Centre, and were taken to the wet lab facilities of ICAR-CIFE Rohtak
Centre. The average size of the animals was recorded as 3.6 g of total body weight,
and 7.2 cm of total body length. The fish were transported in 20 L polyethylene
packing (500 fish in each pack) with sufficient oxygen, and fishes were acclimatized
in a circular tank (1000 L) of the wet laboratory for 15 days.

3.2 Experimental Setup

For the conduction of the experiment, a total of 2050 animals were
used. The fish were stocked into the experimental units with one control, and 11
treatments. Experimental groups were arranged in such a way that, each treatment
was availed for both Powerkheda, and the Rohtak stocks. The treatments were

designed as described in Table 1.

Table.l. List of treatments performed during the present study

SI No | Treatment | Treatment
No

1 1 Salinity was raised at a rate of 1PSU/day up to 10 PSU

2 2 Salinity was raised at a rate of 1PSU/day until it reached
5 PSU, & then directly transferred to 10 PSU on the 6 day

3 3 Salinity was raised at a rate of 1PSU/day until 5 PSU &
further increased at a rate of 1PSU/ every 2 days up to 15

PSU (controlled temperature)




4 4 Salinity was raised at a rate of 1PSU/day until 5 PSU, &
further increased at a rate of 1PSU/ every 2 days up to 15
PSU (uncontrolled temperature)

5 5 Salinity was raised at a rate of 1 PSU/day up to 15 PSU.

SINo| Treatment | Treatment
No

6 6 Salinity was raised from 0 to 25 PSU at a rate of 5 PSU/
every 3 days

7 7 Salinity was raised from 0 to 25 PSU at a rate of 5 PSU/
every 2 days.

8 8 Salinity was raised from 0 to 25 PSU at a rate of 5 PSU/
Every day.

9 9 Salinity was raised from 0 to 25 PSU at a rate of 5PSU/ every
day (controlled temperature 100C)

10 10 Salinity is raised at a rate of 5 PSU/ every day up to 20
PSU (controlled temperature 28°C)

11 11 Salinity is raised from 0 to 20 PSU as a rapid exposure.

12 Control Salinity was maintained at 0 to 1 PSU

The experiment was conducted in two stages, from 18th October 2017 to 28th
January 2018 (90 Days), and from 6th December to 30th December 2018 (23 Days).
Inland saline water used in the experiment was obtained from various bore wells
located in the high saline, and low saline zones of the ICAR-CIFE Rohtak Centre.
The saline water of 20, and 25 PSU have been prepared by evaporating previously
obtained 15 PSU water for 4, and 6 days, respectively, for the experiment. The
stocking density for T1, T2, T3, T4, and T5 were 100 animals/80 L tanks, and for T6,
T7, T8, T9, T10, and T11 were 50 animals/80 L tanks.

3.3 Data Recording

Observations were recorded periodically for each of the treatments, and
dead fish were removed from tanks. Water temperature was regularly recorded with
8 h interval (4 am, 12 pm, and 8 pm respectively). Both treatment wise, and stock
wise data were recorded for the treatment wise comparison as well as the stock wise

comparison.



3.4 Chemicals used

10% Neutral buffered formalin

3.5 Equipment, and Laboratory Ware

Refractometer (Brix, USA), Phase contrast microscope (Olympus FSX
100), FRP tanks (100 L), micropipettes (200 microliters), Scissors, Forceps. The
glasswares were sourced from Borosil, India, while plastic wares were sourced from

Tarsons, India.
3.6 Sample Collection

Animals from each salinity level (0 PSU, 5 PSU, 10 PSU, 15 PSU, 20
PSU & 25 PSU) were collected to conduct histopathology studies on selected tissues
such as qills, kidney, and liver. Tissues were dissected out, and were stored in
Neutral buffered formalin (NBF solution) for at least 48 h followed by transferring them
to 70% alcohol.

3.7 Histopathological studies

Histological study of gonads had been undertaken round the year from
November 2018 to December 2018. (Gupta et al., 2013)

3.7.1 Fixation of tissue

Gills, kidney, and liver were dissected out, and fixed in neutral buffered
formalin (NBF) immediately after the dissection. NBF was prepared by mixing of

following chemicals:

Formalin : 100 ml



Distilled water : 900 ml

Sodium dihydrogen orthophosphate: 4 g Disodium hydrogen orthophosphate:
69

3.7.2 Dehydration of tissue

After proper fixation, the tissues were dehydrated using a graded
concentration of alcohol in the following steps.

I.  The required material was cut into a specific size, and put in 30% alcohol for

30 minutes.

[I.  The tissue was transferred in 50% alcohol, and kept for 30 minutes. iii. The
tissue was transferred in 70% alcohol, and continued for 1 hour.

lll.  The tissue was transferred into 90% alcohol, and kept for 30 minutes.

IV.  The tissue was transferred in absolute alcohol giving 2 changes each of 30
minutes.

V. The material was put in acetone, and alcohol in the ratio of 1:1, and kept for

30 minutes.
3.7.3 Clearing of tissue

The alcohol present in the tissue was cleared by using the clearing
agent xylene. For the clearing process, tissue was put in xylene, giving two changes

each of 30 minutes.
3.7.4 Wax embedding of material

After proper cleaning of the tissue, the following steps of impregnation were carried

out.

I.  The tissues were kept in the mixture of xylene, and melted seasoned wax (2:1)
for 30 minutes.

II.  The tissues were transferred in a mixture of xylene, and melted seasoned wax
(1:2), and kept for 60 minutes.



[lIl.  The tissues were transferred in melted wax, and kept for 120 minutes

maintained at a temperature of 60 = 2°C to prevent the solidification of wax.
3.7.5 Block making

The molten wax was kept in an oven at 60°C overnight before taking it
for block preparation. “L” shape molds were used for making the blocks. Before
placing the tissue, the base of the mold was filled with wax, and then tissue was
pressed into the wax. Afterward, the frames were filled with melted wax. The wax
was allowed to cool on a cold plate. After complete solidification, frames were

removed, and blocks were ready for sectioning.

3.7.6 Sectioning of tissue block, and spreading of tissue ribbons on
the slide

Before sectioning of tissue, the blocks were trimmed into the required
shape, and fixed on the chuck of the microtome. The thickness of the section to be
cut was set at 5 y, and divisions in the form of ribbons were obtained using a
microtome knife, and the same were collected carefully with the help of a drawing
brush, and allowed to float on a water bath maintained at 45-50°C. The ribbon was
raised on a transparent slide, and dried on a hot plate. The slide was kept on the slide
warming table, the temperature maintained at 60+2°C. After the proper spreading of

the ribbon, excess water on the slide was wiped off with the help of tissue paper.
3.7.7 Hydration of tissue

Coplin jars filled with graded alcohol were used for the hydration. The

whole process of hydration was accomplished in the following steps.

I.  Very first the slides were put in the xylene, giving 2-3 changes for 5 minutes
each for de-waxing.

II.  Having cleared the paraffin, the slides were transferred in absolute alcohol for
2 minutes.

l1l.  The slides were then transferred in 90% alcohol for 1 minute.



V.
V.
VI.

The slides were transferred in 70% alcohol for 1 minute.
The slides were transferred in 50% alcohol for 1 minute.

The slides were washed in running tap water for about 2-3 minutes.

3.7.8 Staining of tissue

The slides were stained in hematoxylin solution for 5-10 minutes. Then

slides were soaking in running tap water, for 5 minutes. After washing in tap water

the slides were transferred to Scott’s tap water kept for 1 minute. Then the slides

were placed in distilled water for 1 minute. After this, the following steps were carried

out to get permanent mounts.

l.
I.
[I.
V.
V.
VI.
VII.

VIII.

3.8

The slides were put in 30% alcohol for 1 minute.

The slides were transferred in 50% alcohol for 1 minute.

The slides were transferred in 70% alcohol for 2 minutes.

The slides were transferred in 90% alcohol for 2 minutes.

The slides were stained with eosin solution for 2-5 minutes.

The slides were kept in absolute alcohol for 1 minute.

The slides were put in xylene for final clearing giving 2 changes each of 3 to 5
minutes.

Finally, slides were mounted permanently using D.P.X. Solution.

These permanent mounts prepared as above were observed under a Phase

contrast microscope (Olympus FSX 100), and photographs were taken.

Data Analysis of the survival experiment

Analyses were carried out in SAS using the appropriate SAS procedure

on a SAS dataset. The essential SAS procedures for performing survival analysis

was PROC LIFETEST. Survival analysis makes an inference about event rates as a

function of time. The two primary methods to estimate the correct underlying survival

curve are by obtaining the Kaplan—Meier estimator, and Cox proportional hazards

regression.



PROC LIFETEST is used to obtain Kaplan Meier survival estimates,
and plots. It can also be used to output life table estimates, and plots. It will generate
output for the log-rank, and Wilcoxon test statistics if stratifying by a covariate.