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Abstract
Meteorological variations and global warming frequently produce serious losses in fishing stocks and

fish production. The rate of fish production depends on climatic variation and demand more prudent

management of natural sources, attention to technological action and more specific knowledge of the

fish and the emergent pathogens. Temperature affects the development of parasites and pathogenic

bacteria and may also have effects on the resistance of fish to disease. Certain environmental

conditions are considered door openers to opportunistic pathogens and important initiators of stress.

Global warming and worsening of other environmental parameters causes an alteration of the

immune-response, with a reduction in the resistance of fish and increases the occurrence of various

diseases of fish. Climate change cans increase pathogen development and survival rates, disease

transmission, and host susceptibility. Disease in fishes is caused by the infection of various types of

bacteria, viruses and fungi. This type of disease has been noticed in many states of India.
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Introduction

The effect of climate change due to temperature
variation on biological world is now a global
concern. Recent climate change has been recorded
worldwide, which is affecting the fishery sectors
(Cochrane et al., 2009; Williams and Rota, 2011;
Winfield et al.,, 2016; Golam et al., 2017; Adhikari
et al.,, 2018). Changes in climate are predicted to
affect fishes at all levels of biological organization
like
community

cellular, individual, population, species,

and ecosystem, influencing

physiological and ecological processes in a number
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The
distribution of parasites and pathogens will be

of direct, indirect and complex ways.
directly affected by variation of temperature but
also indirectly, through effects on host range and
abundance. Numerous disease outbreaks have
been associated with environmental and climatic
events. The transmission rates of fish parasites and
with
increasing temperature. The fish immune system is

pathogens are expected to increase

optimal at normal summer temperatures for each
species (Manning and Nakanishi, 1996). Water
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temperatures above or below the physiological
optimum may cause stress, increase susceptibility
to infection and the likelihood of disease and
mortality. The effects of climate change on
parasites and pathogens will be superimposed
onto the effects of other anthropogenic stressors
in ecosystems. Climatic effects on parasites and
diseases of key species may cascade through food
webs, with consequences for entire ecosystems.
Change in temperature will affect on aquaculture
by increasing risk of disease outbreak through
alteration of the immune response, with a
reduction in the resistance of fish, increased
occurrence of parasite and pathogenic organisms
which cause the overall economic loss. Impaired
aerobic performances and thermal tolerance in
infected fish may potentially result in decreased
host survival in the wild, especially in relation with
predicted higher average summer temperatures
and increased frequency of extreme events in the
context of global climate change (Bruneaux et al.,
2017)
Effect of climatic condition on disease
proliferation

The impacts of climate change on aquaculture
are more complex than those on terrestrial
agriculture owing to the much wider variety of
species produced but different to fisheries because
various control conditions can be applied in the
process 2007).

change in particular, rising temperatures can have

production (Brander, Climate
both direct and indirect effects on global fish
implicated

mortalities of many aquatic species, including

production. It has been in  mass
plants, fish, corals, and mammals (Harvell et al.,
1999; Battin et al., 2007). Climate change is
predicted to have important effects on parasitism
and disease in freshwater and marine ecosystems
2008). All aquatic ecosystems,

including freshwater lakes and

(Marcogliese,
rivers, coastal

estuarine habitats and marine waters, are

influenced by climate change (Parry et al., 2007;
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Scavia et al., 2002; Schindler, 2001). Aquaculture
has developed from an extensively low capital
practice to large intensive culture with a wide
range of cultured species. However, one deterrent
to successful aquaculture is the occurrence of
infectious diseases among cultured fish species,
which lead to poor economic viability of the
aquaculture industry (Snieszko, 1974). In India,
aquaculture has grown considerably in the past
few decades with culture of Indian common carps
as the important component species. Fish diseases
are the major constraints for aquaculture loss in
(Otta et al., 2003).
poikilothermic, thus their physiology, including the

India Tough fishes are

immune response, is directly affected by the
2007).
Proliferative kidney disease (PKD) is a widespread

ambient temperature (Bowden et al,
parasitic disease affecting salmonid fish species in
North America and Europe which can result in very
high mortality rates in farmed populations (Hedrick
et al., 1984; Burkhardt-Holm et al., 2005; Sterud et
al., 2007). Increased temperature can affect host—
parasite interactions both directly and indirectly
through increased number of spores released to
the water, stimulation of parasite proliferation and
exacerbates the fish immune response and results
in more severe lesions in the renal tissues due to
the inflammatory response (Clifton-Hadley et al.,
1987; Bettge et al., 2009*°; Bettge et al., 2009b;
Tops et al., 2006; Gay et al., 2001; Bettge et al.,
2009™").

The anthropogenic activities, eutrophication and
global warming are considered as emerging cause
of fish disease proliferation (Okamura et al., 2011).
The Global
relationships are expected to be affected by

climate change, host—parasite
multiple factors such as parasite range extension,
increased virulence, modified temporal dynamics,
decreased host condition and increased frequency
of disease outbreaks (Marcogliese, 2008; Gallana

et al., 2013; Paull and Johnson, 2014).
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Types of fish diseases and causing organisms
Temperature is a key determinant for many fish
like
Lernaeosis, Columnaris, Spring viraemia of carp,
(table 1).
considered to be major cause of mortality in fish
(Grisez and Ollevier, 1995). There are different
reported diseases of Indian major carps include

diseases Ichthyophthiriasis, Furunculosis,

etc. Bacterial diseases are also

Ulcer (Manohar et al., 1976), Dropsy (Kumar et al.,
1986a), Bacterial gill disease (Swain et al., 2003),
Hemorrhagic septicemia (Sahoo et al., 1998),
Columnaris (Kumar et al., 1986b) etc. Ulcerative
syndrome is one kind of disease that is generally
found in fishes is caused by the infection of various
types of bacteria, viruses and fungi. This type of
disease has been noticed in many states of India
such as West Bengal, Orissa, Bihar, Utter Pradesh,
Sikkim and Kerala (Pal and Pradhan, 1990; Pradhan
et al., 1991, Harris et al., 1992). Also a wide range
of bacteria belonging to the genus such as

Aeromonas, Pseudomonas, Flavobacterium,
Enterobacter,  Staphylococcus,  Streptococcus,
Edwardsiella,  Moraxella, = Myxobacter  and

Escherichia have been found to be isolated from
different fish disease conditions. Among them
Aeromonas, Flavobacterium and Edwardsiella are
found to cause severe morbidity and mortality
(Swain and Nayak, 2003). In aquaculture, the
etiology of any disease condition is very complex.
A single bacterium is often reported to cause
different types of infection and lesions. Aeromonas
hydrophila, a freshwater fish pathogen, is found to
be primarily associated with or is a secondary
invader of various disease conditions such as
hemorrhagic septicemia, dropsy, ulcers and
ulcerative syndrome, etc (Aoki, 1974; Egusa, 1978).
Moreover, the infection by a particular organism
may be affected by so many factors including
water quality parameters. Incidentally when water
temperature begins to climb, many parasites and
microbes capable of grow at a fast rate and
causing fish diseases. In such a condition the whole

immune systems of fishes have got stressed by
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warmed-up water, low oxygen availability and

become more susceptible to infections and
diseases. Fish with only cutaneous infections may
have several types of concealed lesions including
increased amount of lipofuscin and haemosiderin
in the liver and spleen; however, most visceral
organs were not necrotic (Ventura and Grizzle,
1988). The bacterium Aeromonas hydrophilia has
been reported to cause the death of large number
of fish and alligators in lake Apopka, Florida
(Shoots et al., 1972). Natural and experimental
Aeromonas infections in fish, amphibia and reptiles
are associated with haematological (Roberts, 1978)
and histopathological changes (Huizinga et al.,,
1979). The bacteria Aeromonas salmonicida, which
causes a disease called furunculosis in salmon and
trout. There are two species of Aeromonas which
cause disease in warm water fishes are Aeromonas
hydrophila and Aeromonas sobria. Aeromonas
infections are probably the most common bacterial
disease diagnosed in cultured warm water fish.
Aeromonas  hydrophila and other motile
aeromonads are among the most common
bacteria in freshwater habitats throughout the
world (McGarey et al., 1991).

Losses of more than 70 million rupees due to
disease-induced mortality and impaired growth are
incurred annually in Andhra Pradesh. Ectoparasitic
diseases account for 70% of the problems, while
bacterial and fungal diseases account for 27.5%
and 2.5% problems, respectively (Rao et al., 1992).
the fish health

management in Andhra Pradesh the losses have

Considering and prawn
been found high due to disease than due to
environmental factors (Viswanatha et al., 2014). In
case of low aquatic environmental temperature
fish reduces metabolic activities, which in turn
makes the fish more susceptible during the winter
period towards parasitic infection (Hossain et al.,
2013). Variations in physico-chemical parameters,
such as water temperature, pH, dissolved oxygen,

alkalinity, hardness and chloride are favorable
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conditions for outbreak of the fish disease (Mastan
and Ahmed, 2013).

La Patra et al., (1993) showed that 2g weight fry
farmed in 15°C water found antibodies 3-4 weeks
post-infection with IHNV and 16g trout produced
neutralized antibodies after 2 weeks. The antibody
titre increased until the 6™ week at 15°C. However,
at 10°C, instead, 14 weeks were necessary before
anti-lHNV  antibodies could be observed
(Hattenberger-Baudouy et al., 1995). The effect of
increasing water temperature on aquatic disease
dynamics emphasizes the importance of the
biology of each disease (Karvonen et al., 2010).

Management and remedial measures

As climatic change increases temperature and
environmental variation, there are needs to be
more emphasized on fisheries management to
adopt or overcome such stress conditions. Serious
loss of fish due to infection will only take place
where pathogen and host are available in an
environment that favors disease. The climate
changes create an additional imperative to
implement the ecosystem approach to fisheries, a
holistic, integrated, and participatory approach to
obtain sustainable fisheries (FAO, 2006). The
management strategies of fisheries should be
improved and may focus on building adaptive
capacity and resilience. Weather warning facilities
should be available to every fisheries and
aquaculture sectors for remedial measures.

Identification of disease causing pathogens and
its metabolism along with environmental condition
is the prime factor for the management and
remediation of fish diseases. Molecular biology can
be a routine tool in the search for improved
methods of diagnosis and control of fish pathogens
and the epidemiology of infectious fish diseases
(Kumar, et al., 2014). New molecular techniques,
such as the 16S rDNA polymerase chain reaction
(PCR) assay have recently been applied to bacteria
screening. This assay relies on the amplification of

the gene coding for ribosomal RNA (16S rRNA),
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which is present in almost all bacteria (Lee et al.,
2002; Vernon et al., 2002). This assay has several
advantages over traditional microbiological
methods. It can detect infections by uncultivable
pathogens

techniques have failed to detect the presence of

where  routine microbiological
bacteria in the clinical samples. In addition, when
combined with DNA sequencing the assay provides
a definite identification of the infectious agents.
The 16S rRNA contains conserved and highly
divergent regions. Nucleotide sequence of 16S
rRNA has
phylogenetic relationships among prokaryotes
(Barry et al.,, 1990 and Weisburg et al., 1991).
(1991)

relationships to species specific identification of

been widely used to understand

Graham et al,, applied phylogenetic
bacteria and aligning the nucleotide sequences of
16S rRNA. Phylogenetic relationships of various
bacterial pathogens have also been characterized
in detail using the sequences of 16S rRNA (Dorsch
et al., 1992 and Kita-Tsukamoto et al., 1993). A
platform for remediation and management of fish
disease due to effect of climate change should be
developed for helping aquaculture sector and fish
farmers.

Conclusion

The temperature variation due to Climate
change will have significant impacts on fisheries
The
negative impact on fisheries, damaging important

and aquaculture. climate change have
ecosystems and causing reductions in fish stocks
due to rising water temperatures and reduced
plankton diversity. This could have significant
effects on global food security and fisheries
that

particularly vulnerable to the impacts of climate

dependent employment in areas are
change. There should be provision of proper
different

remedial

identification of fish diseases in

environmental conditions and its
measures in aquaculture sectors. Community level
services like, insurance and weather warnings

should be available to reduce risk. Sustainable
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Table 1: Common diseases of cultivable fishes in India.

Disease
Ichthyophthiriasis
(White spot disease)
Whirling disease

Lernaeosis
Columnaris
Furunculosis

(Fin rot)

General Septicemia
Tail rot and Fin rot
Edwardsiellosis or
Edwardsiella
septicaemia

Eye disease

Lymphocystis

Viral Nervous Necrosis
(VNN)

Saprolegniasis
Branchiomycosis (Gill

rot disease)

Epzootic Ulcerative
Syndrome (EUS)

Causative Agent/Factor
Ichthyophthirius multifiliis

Myxosoma cerebralis
Anchor worm (Lernae sp.)
Flexibacter columnaris
Aeromonas salmonicida
Aeromonas hydrophila
A.hydrophila, Pseudomonas
spp. Cytophaga spp.,

Haemophilus
Edwardsiella tarda

Aeromonas liquefaciens,
Staphylococcus aureus,
various other bacteria
Lymphocystis virus
(Iridovirus)

Betanodavirus (Nodaviridae)

Saprolegnia

Branchiomyces demigrans

Aphanomyces invadans sp.
(Fungs), Aeromonas
hydrophila, A. sobria

Symptoms
White spots on fins, body surface then gills.

Abnormal swimming, darkening of posterior part and
skeletal deformation.

Small thread-like worm attaches to body surface (fin),
anorexia (poor growth) and irritation

Anorexia, whitish plaques eroding affected area (mouth,
body surface, fin, gills), orange Lesions.
Inflammation(intestine and anus), lesions and bloody
coloured fluid in muscle and skin, fin rot

Ulceration of skin, distended abdomen, and inflamed
fins and fin bases

Erosions, discoloration and disintegration of fins and
tails.

Ulcerative abscesses in internal organs, haemorrahic
ulcers on skin, fins and body, rectal protrusion

Cataract of eyes, affect cornea, eyeball gets putrefied

Small, pearl-like tumefactions on skin, fins and tail,
abnormal swimming or anorexia

Vacuolating necrosis of neural cells of the brain, retina
and spinal cord (up to 100% mortality in young fish)

Grey-white patches on fish skin which have cotton wool-
like appearance under water

Fungi usually grow on heavily deposited decaying
organic matter of pond bottom. Fish become lethargic,
redness of gills, which later become grayish-white,
necrosis of gill filaments

Fish become lethargic, redness of skin, ulcerative
patches, high mortality

Source: Bowser and Buttner, 1993; Francis-Floyd, 2005; Ogunnoiki, 2009; AFCD, 2009: Crane and Hyatt, 2011;
Pridgeon and Klesius, 2012, Mishra et al., 2017.

fishing operation and assistance

monitoring

and post—harvest

in  weather
processing  will

different fish diseases not only in their ponds but
also in co-operative sector, thus it will no doubt

minimize the losses in fisheries and aquaculture. A
management plan will be established for disease
control which will help the fishers for controlling
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boost the socio economic condition of the fishers
as well as entrepreneurs who are involved in
different fishery communities.



Int. J. Exp. Res. Rev., Vol. 16: 40-49 (2018)

Acknowledgement
The the ENVIS
Secretariat, Ministry of Environment, Forest &

authors acknowledge to
Climate Change and University of Kalyani for
writing the review paper.

References

Adhikari, S., Keshav, C. A., Barlaya, G., Rathod, R,,
Mandal, R. N., Ikmail, S. and Sarkar, S. (2018).
Adaptation and Mitigation Strategies of
Climate Change Impact in Freshwater
Aquaculture in some states of India. Journal
of Fisheries Sciences. 12(1): 16-21.

Agriculture, Fisheries and Conservation

(2009).

treatment of fish diseases. Good Aquaculture

Department Prevention and

Practices Series. Aquaculture Fisheries
Division, AFCD, Hong Kong. (4): 32.

Aoki, T. (1974). Studies of drug resistant bacteria
isolated from water of carp ponds and
intestinal tracts of carp (in Japanese). Bulletin
of Japanese Society of Science and Fisheries.
40: 247-254.

Barry, T., Powell, R. and Gannon F, (1990). A
general method to generate DNA probes for
microorganisms. Biotechnology. 8: 233 - 236.

Battin, J., Wiley, M. W., Ruckelshaus, M. H.,
Palmer, R. N,. Korb, E., Bartz, K. K. and Imaki,
H. (2007).
change on salmon habitat restoration. Proc.
Natl. Acad. Sci. USA. 104: 6720-6725.

Bettge, K., Segner, H., Burki, R., Schmidt-Posthaus,
H. and Wahli, T. (2009a). Proliferative kidney
disease (PKD) of rainbow trout: temperature-

Projected impacts of climate

and time-related changes of Tetracapsuloides
bryosalmonae DNA in the
Parasitology. 136: 615—-625.
Bettge, K., Wahli, T., Segner, H. and Schmidt-
Posthaus, H. (2009b). Proliferative kidney
disease in

kidney.

rainbow trout: time- and

temperature-related renal pathology and

45

parasite distribution. Diseases of Aquatic
Organisms. 83: 67-76.

Bowden, T. J.,, Thompson, K. D., Morgan, A. L.,
Gratacap, R. M. L. and Nikoskelainen, S.
(2007). Seasonal variation and the immune
response: a fish perspective. Fish Shellfish
Immunol. 22: 695-706.

Bowser, P. R. and Buttner, J. K. (1993). General fish
health management. NRAC Bulletin 111.
Brander, K. M. (2007). Global fish production and
climate change. Proceedings of the National
Academy of Sciences. 104(50): 19704-19714.

Bruneaux, M., Visse, M., Gross, R., Pukk, L., Saks,
L.. and Vasemagi, A. (2017). Parasite infection
and decreased thermal tolerance: impact of

wild
salmonid fish in the context of climate
change. Functional Ecology. 31(1): 216-226.

Burkhardt-Holm, P., W., Guttinger, H.,
Ochsenbein, U., Peter, A. and Scheurer, K.

proliferative kidney disease on a

Giger,

(2005) Where have all the fish gone?
Environmental Science & Technology. 39:
441A-447A.

Clifton-Hadley, R. S., Bucke, D. and Richards, R. H.
(1987). A study of the sequential clinical and
during proliferative

pathological changes

kidney disease in rainbow trout, Salmo
gairdneri Richardson. Journal of Fish Diseases.
10(5): 335-352.

Cochrane, K., De Young, C., Soto, D. and Bahri, T.
(2009).

fisheries and aquaculture. FAO Fisheries and

Climate change implications for
aquaculture technical paper: 530: 212.

Crane, M. and Hyatt, A. (2011). Viruses of fish: An
overview of significant pathogens. Viruses.
3(11): 2025-2046.

Dorsch, M., Lane, D. and Stackebrandt, E. (1992).
Towards a phylogeny of the genus Vibrio
based on 16S rRNA sequences. Int J Syst
Bacteriol. 42: 58 - 63.

Egusa, S. (1978).
Kouseisha Kouseikaku, (Tokyo). pp. 554.

Infectious diseases of fish.



Int. J. Exp. Res. Rev., Vol. 16: 40-49 (2018)

FAO. (2006). State of world aquaculture: 2006.
FAO Fisheries Technical Paper. No. 500.
Rome, FAO. pp.134. (Also available at
www.fao.org/docrep/009/a0874e/a0874e00.
htm).

Francis, F. R. (2005). Introduction to fish health
management. IFAS Extension. Fisheries and
Aquatic Sciences Department University of
Florida US CIR. 921: 1-4.

Gallana, M., Ryser-Degiorgis, M. P., Wahli, T. &

(2013).
diseases of

Climate change and

wildlife:
interactions between pathogens, vectors and
hosts. Current Zoology. 59: 427-437.

Gay, M., Okamura, B. and De Kinkelin, P. (2001).

that

Tetracapsula bryosalmonae for rainbow trout

Segner, H.

infectious altered

Evidence infectious  stages  of
Oncorhynchus mykiss are present throughout
the vyear. Diseases of Aquatic Organisms.
46(1): 31-40.

Golam, K., Haroon Yousuf, A. K. and Dayanthi, N.
(2017). Climate change impacts on tropical
and temperate fisheries, aquaculture, and
seafood security and implications-A review.
Livestock Research for Rural Development.
pp.29.

Graham, P. H., Sadowsky, M. J., Keiser, H. H,,
Barnet, Y. M., Bradley, R. S., Cooper, J. E., De
Ley, D. J., Jarvis, B. D. W., Roslycky, E. B.,
Strijdom, B. W. and Young, J. P. W. (1991).

the

description of new genera and species of

Proposed minimal standards for

root- and stem-nodulating  bacteria.
International Journal of
Bacteriology. 41: 582-587.

Grisez, L. and Ollevier, F. (1995). Vibrio Listonella

infections in marine fish larvae

Systematic

anguillarum
culture. In: Lavens, P., Jaspers, E., Roelands, I.
Eds. , Larvi '91. Fish and crustacean larvae
culture symposium. European Aquaculture
Society, Gent. pp. 497, Special publication no.

24.

46

Harris, K. K., Gupta, A. K. and Agarwal, S. M.
(1992).
ulcerative syndrome in Channa punctatus. J.
Parasito. Appl. Animal Biol. 1: 125-130.

Harvell, C. D., Kim, K., Burkholder, J. M., Colwell, R.
R., Epstein, P. R., Grimes, D. J., Hofmann, E. E.,
Lipp, E. K., Osterhaus, A. D. and Overstreet, R.
M. (1999). Emerging marine diseases- climate

Pathophysiology  of  epizootic

links and anthropogenic factors. Science. 285:
1505-1510.

Hattenberger-Baudouy, A. M., Danton, M., Merle,
G. and de Kinkelin, P. (1995). Epidemiologie
de la necrose hbmatopoibtique infectieuse
(NHI) des salmonides en France : suivi de

I'infection naturelle par des techniques
virologiques et serologiques et tentative
d’eradication. Vet. Res. 26: 256-275.

Hedrick, R., Kent, M., Rosemark, R. and Manzer, D.
(1984). Occurrence of proliferative kidney
disease (PKD) among Pacific salmon and
steelhead trout. Bulletin of the European
Association of Fish Pathologists. 4: 34-37.

Hossain, M. K., Islam, K. T., Hossain, M. D. and
Rahman, M. H. (2013). Environmental impact

fish fish
production. Journal of Science Foundation.
9(1-2): 125-131.

Huizinga, H. W., Esch, G. W. and Hazen, T. C.

(1979). Histopathology of red-sore disease

assessment  of diseases on

(Aeromonas hydrophila) in naturally and

experimentally infected largemouth bass
Micropterus salmoides (Lacepede). J. Fish Dis.
2:263-277.

Karvonen, A,

Jokela, J. and

Increasing water

Rintamaki, P.,
E. T. (2010).
temperature and disease risks in aquatic

Valtonen,

systems: climate change increases the risk of
some, but not all, diseases. International
Journal for Parasitology. 40(13): 1483-1488.
Kita-Tsukamoto, K., Oyaizu, H., Nanba, K. and
Simidu, U. (1993). Phylogenetic relationships
of marine bacteria, mainly members of the
family Vibrionaceae, determined on the basis



Int. J. Exp. Res. Rev., Vol. 16: 40-49 (2018)

of 16S rRNA sequences. International Journal
of Systematic Bacteriology. 43(1): 8-19.

Kumar, D., Mishra, B. and Dey, R. K. (1986a).
Dropsy of Catla catla (Ham.) caused by a
mixed infection of Aeromonas hydrophila and
Myxospordian sp. Aquaculture Hungarica
(Szarvas) 5: 107-112.

Kumar, D., Suresh, K., Dey, R. K. and Mishra, B. K.
(1986b). Stress mediated columnaris disease
in rohu, Labeo rohita (Hamilton). Journal of
Fish Diseases. 9: 87-89.

Kumar, V., Roy, S., Barman, D.
(2014).
techniques used in fish disease diagnosis: A

and Kumar, A.

Immunoserological and molecular
mini review. International Journal of Fisheries
and Aquatic Studies. 1(3): 111-117.

La Patra, S. E., Lauda, K. A., Woolley, M. J. and
Armstrong, R. (1993). Detection of naturally
occurring coinfection of IHNV and IPNV in
rainbow trout. Am Fish Soc/Fish Health Sect
Newsl. 21: 9-10.

Lee, J. V., Shread, P., Furniss, A. L. and Bryant, T. N.
(2002). Taxonomy and description of Vibrio
uvialis sp. nov. (Synonym group F Vibrios,
Group EF6). J Appl Bacteriol. 50: 73-94.

Manning, M. J. and Nakanishi, T. (1996). The
specific immune system: cellular defenses. In:
Iwama, G.K. and T., Nakanishi (eds), The fish
immune system, Academic Press, London. pp
159-205.

Manohar, L., Shenoy, M. G., Chandramohon, K. C.
and Reddy, T. K. K. (1976). A new bacterial
fish pathogen causing skin disease in catfish,
Clarias batrachus Lim. Current Research. 5:
76-77.

Marcogliese, D. J. (2008). The impact of climate
change on the parasites and infectious

diseases of aquatic animals. Revue

scientifique et technique (International Office
of Epizootics). 27(2): 467-484.

Marcogliese, D. J. (2008). The impact of climate
change on the parasites and infectious

diseases of aquatic animals. Revue

47

Scientifique et Technique (International Office
of Epizootics). 27: 467-484.

Mastan, S. A. and Ahmed, O. (2013). Bacterial
kidney disease (BKD) in Indian Major Carp
fishes, Labeo rohita (Ham.) and Cirrhinus

occurrence and

mrigala  (Ham.)-Natural

artificial  challenge. Asian  Journal of
Pharmaceutical and Clinical Research. 6: 3.

McGarey, D. J., Milanesi, L., Foley, D. P., Reyes, B.
J., Frye, L. C. and Lim, D. V. (1991). The role of
motile aeromonads in the fish disease,

ulcerative disease syndrome (UDS).
Experientia Rev. 47: 441-444,

Mishra, S. S., Rakesh, D., Dhiman, M., Choudhary,
P., Debbarma, J., Sahoo, S. N. and Mishra, C.
K. (2017). Present Status of Fish Disease
Management in Freshwater Aquaculture in
India: State-of the-Art-Review. Journal of
Aquaculture & Fisheries. 1: 3.

Ogunnoiki, G. A. M. (2009). Catfish Fish Disease
(Nigerian Experience). Capacity Building on
Fish Disease Control: Training Workshop for
Fish Farmers Abuja Nigeria. pp.131.

Okamura, B., Hartikainen, H., Schmidt-Posthaus, H.
and Wahli, T. (2011). Life cycle complexity,
environmental change and the emerging
status of salmonid proliferative kidney
disease. Freshwater Biology. 56: 735—753.

Otta, S. K., Karunasagar, |I. and Karunasagar, |.
(2003). Disease problems affecting fish in
tropical environments. Journal of Applied
Aquaculture. 13: 1045-4438.

Pal, J. and Pradhan, K. (1990).
involvement in ulcerative condition of air
breathing fish from India. J. Fish Biol. 36: 333-
339.

Parry M. L., Canziani O. F., Palutikof J. P., van der
Linden P. J. and Hanson C. E. (eds) (2007).

Technical summary. In Climate change 2007:

Bacterial

impacts, adaptation and vulnerability.
Contribution of Working Group Il to the 4™
assessment report of the Intergovernmental
Panel on Climate Change. (M.L. Parry, O. F.



Int. J. Exp. Res. Rev., Vol. 16: 40-49 (2018)

Canziani, J. P. Palutikof, P. J. van der Linden &

C.E. Hanson, eds). Cambridge University
Press, Cambridge. pp. 23-78.
Paull, S. H. and Johnson, P. T. J. (2014).

Experimental warming drives a seasonal shift

in the timing of host-parasite dynamics with

consequences for disease risk.
Letters. 17: 445-453.

Pradhan, K., Pal, J. and Das, A. (1991). Ulcerative

fish disease in Indian major carps: Isolation of

Ecology

bacteria from ulcers. Environ. Ecol. 9(2): 510-
515.

Pridgeon, J.W. and Klesius, P. H. (2012). Major
bacterial diseases in aquaculture and their
vaccine development. CAB Reviews. 7(048):
16.

Rao, K. G., Mohan, C. V. and Seenappa, D. (1992).
The use of chemotherapeutic agents in fish
culture in India. In: Diseases in Asian
Aquaculture |: Fish Health Section. Eds: M.
Shariff, R. P. Subasinghe and J.R. Arthur.
Asian. Fisheries Society, Manila. pp. 505-513.

Roberts, R. J. (1978). Fish pathology. Bailliere
Tindall, London.

Sahoo, P. K., Mukherjee, S. C., Nayak, S. K. and
Dey, S. (1998). Pathology of Dropsy in Indian
major carp. Journal of Aquaculture. 6: 93-96.

Scavia, D., Field, J. C., Boesch, D. F., Buddemeier, R.
W., Burkett, V., Cayan, D. R., Fogarty, M. and
Harwell, M. (2002). Climate change impacts
on US coastal and marine ecosystems.
Estuaries. 25: 149-196.

Schindler, D.W. (2001). The cumulative effects of
climate warming and other human stresses
on Canadian freshwaters in the new
millennium. Can. J. Fish. Aquat. Sci. 58: 18-29.

Shoots, Jr. E. B., Gaines, J. L., Martin, Jr. L. and
Prestwood, A. K. (1972). Aeromonas induced
deaths
eutrophic inland lake. J. Am. Vet. Med. Assoc.
161: 603-607.

among fish and reptiles in an

48

Snieszko, S. F. (1974). The effects of environmental
stress on outbreaks of infectious diseases of
Fishes. Journal of Fish Biology. 6: 197-208.

Sterud, E., Forseth, T., Ugedal, O., Poppe, T.T,,
Jgrgensen, A. and Bruheim, T. (2007). Severe
mortality in wild Atlantic salmon Salmo salar
due to proliferative kidney disease (PKD)
caused by Tetracapsuloides bryosalmonae
(Myxozoa). Diseases of Aquatic Organisms.
77:191-198.

Swain, P. and Nayak, S.K. (2003). Comparative
sensitivity of different serological tests for
seromonitoring and surveillance of
Edwardsiella tarda infection of Indian major
carps. Fish and Shellfish Inmunology. 15: 333-
340.

Swain, P., Mishra, S. and Nayak, S. K. (2003).
Bacterial gill disease in Indian major carps.
Indian Council of Agriculture Research News.
9 (July-September). pp. 16-17.

Tops, S., Lockwood, W. and Okamura, B. (2006).
Temperature-driven proliferation of
Tetracapsuloides bryosalmonae in bryozoan
hosts portends salmonid declines. Diseases of
Aquatic Organisms. 70(3): 227-236.

Ventura, M. T. and Grizzle, J. M. (1988). Lesions
associated with natural and experimental

of Aeromonas
channel catfish, Ictalurus punctatus
(Rafinesque). J. Fish Dis. 11: 397 - 407.

Vernon, S. D., Shukla, S., Unger, E. R. and Reeves,
W. C. (2002). Analysis of 16S rDNA sequences
and circulating cell-free DNA concentration

infections hydrophila in

from plasma of a chronic fatigue syndrome
and non fatigued subjects. Biomed Central
Microbiol. 2: 39.

Viswanatha, B. S., Bhatta, R., & Shankar, K. M.
(2014). An Economic Assessment of Fish and

Andhra
Pradesh. Agricultural Economics Research
Review. 27(1): 83-90.

Weisburg, W. G., Barns, S. M., Pelletier, D. A. and
Lane, D. J. (1991). 16S DNA

Prawn Health Management in

ribosomal



Int. J. Exp. Res. Rev., Vol. 16: 40-49 (2018)

amplification for phylogenetic study. Journal Winfield, 1. J., Baigun, C., Balykin, P. A., Becker, B.,
of Bacteriology. 173(2): 697-703. Chen, Y., Filipe, A. F. and Kutsyn, D. N. (2016).

Williams, L. and Rota, A. (2011). Impact of climate International perspectives on the effects of
change on fisheries and aquaculture in the climate change on inland fisheries. Fisheries.
developing world and opportunities for 41(7): 399-405. DOI:
adaptation. Fisheries Thematic paper. 10.1080/03632415.2016.1182513

49



	International Journal of Experimental Research and Review (IJERR)

