


Impacts and Adaptation of Inland Fisheries 
to Climate Change in India 

Manas I(r. Das 

& 

P. I(. Saha 

Bull. No. -1  5 1 November 2008 

Central Inland Fisheries Research Institute 
(Indian Council of Agricuhml Rosoorrh) 

I s m s d r p a r , ~ - m 0 1 2 O , W . d k n O d  



I Impacts and Adaptation of Inland Fisheries 
to Climate Change in India 



Foreword 

The recent scientific researches Indicate 
that global warming is signl&antly alterrlng 
the life support systems on earth. The 
causative factors for such a situation are 
the g m n  house gases viz., carbondloxlde. 
methane, ozone and nitrous-oxlde. These 
green h o w  gases have resulted in warming 
of the climate by 0.74OC between 1906 - 
2006. lndla has also been influenced by 
thls global cllmatc change as manifested 
by the rise in surface temperature, regional 
monsoonal variations, frquent occurrence 
of extreme weather evenu, rise In sea level 
and meleng of the Himalayan glaciers.These 
changes are affecting the inland aquatic 
resounxs as manifested by increase in water 
associated temperature, changlng flow 
pattern of rivers and wetlands, thereby 
impacting inland fisheries. As a result a 
perceptible alteration In the geographic 
dlstributlon of fishes i n  rlver Ganges 
including spawning behaviour of the Indian 
major carps have been noticed. I t  is 
important that concerted effon be Initlared 
to study the impact of cllmate change on 
inland Rsherles and develop a suateglc plan 
to mitlgare any llkely Impacts on inland 
fisheries. An attempt has been made by the 
authors to document the present knowledge 
on the sublect world wide and from the 
investlgarions carried out by CIFRI, under 
an ICAR Network ProJcct on thls Important 
thrust area for XI plan. 
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I IMPACTS AND ADAPTATION 
OF INLAND FISHERIES TO 
CLIMATE CHANGE IN INDIA 

Manas Kr. Das and t?K. Saha 

1nh;oduction dwelo~ment.Wlth Its huge and m w l n n  -, - ., 
popula;lon and low-lylngcoastllne, and an me earths cllrnatc Is showing perceptible 

changs on both gobal and 
economy that 1s closely tied to Its natural 

Climate change and its warming effects arc rrsource base' India Is vulnerable 

now being felt across many parts of the totheimpacrsofclimatechan~e.'lhlschan~e 

world including in a developing of climate on a global and regional scales 
country like India, climate change could has started since the Pre- Industrial era. 
represent an additional stress on ecological The unequivocal warming of the cllmate 
and socioeconomic systems that are system is now evident. A diagrammatic 
already facing tremendous pressures due representation of  the changes that occur 
to rapid urbanization and economic leading to global warming is depicted 
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Change# In  the annosphcrk abundann o f  
green house gases (Carbon dioxlde. 
Methane. Nitrous Oxide. CFCs. Orone ) and 
acrmls(  primarily sulphate, organic carbon. 
black carbon. nitrate and dust), i n  solar 
radiation and in land surface properties 
alter the enerRy balance o f  the cllmate 
svsrem. These changes are expressed i n  
trrms of radlatlng force. which is used to 
compare how a range of human and natural 
factors drive warmlng or cooling Influences 
on global  cl lmate. Since the th i rd  
A5sestment Repon FAR), new observations 
and related modeling of greenhouse gases. 
solar activity. land surface propenles and 
some aspects of aerosols havc led to 
lmprwcmrnt In the quantitative estimates 
o f  rad la t l ve  forc lng.  Increasing 
conmntrauons o f  the greenhouse gases and 
other tracr gases haw changed the radiative 
forcing oI the atmosphere leading to a net 
warmlng . 
Inter-c;ovrmmmml mml an almate Change 
(IPCC) In Its recently released report has 
reconfirmed that the global atmospheric 
concentrations of carbon dioxldc, methane 
and nitrous oxide. pcnhouse gases (GHGs). 
havc Increased markedly as a result o f  
human activities since 1750 and now far 

exceed pre-Industrial values determined 
from In cores spanning many thousands 
of years (IKC. 2007a). The CO2, methane 
and ni t rous oxide concentrations i n  
atmosphere were 280 ppm. 715 ppb and 
270 ppb In1750 AD. I n  2005. these values 
have become 379 ppm. 1774 ppb and 319 
ppb, WsperIlwly (IPCC. 2007a). The incmse 
in GHGs was 70% bcfmen 1970 and 2004. 
The global Increases i n  carbon dioxide 
concentrarlon are due primarily to fossll 
h e l  use and land use change, while those 
of methane and nitrous oxide are primarily 
due to agriculture. 

These Increases In  GHGs h a w  resulted i n  
warmlng of the cllmate system by 0.74T 
between 1906 and 2005. Eleven o f  the last 
twelve years (1995-2W6) rank among the 
12 warmest years in the lnst~mental  record 
of global surface temperature (since 1850). 
The rare of warming has been much higher 
In recent decades. This has. In turn, resulred 
In  Increased average temperature of the 
global ocean, sea level rise, decline i n  
glaciers and snow cover. There is  also a 
global trend for increased frequency o f  
droughts, as well as heavy precipitation 
events over most land areas. Cold days. 
cold nights and frost have become less 
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RcquenC while hot days, hot nights and 8 llnpru on H l d a y 8 n  O h d e n  : The 
h a t  warn have tmome more mutnt. Himalavar Dossels one of the iarncst I 
2. Evidence of Climate Change 

Some observed changes in cltmate panm- 
eters in lndla has been consolidated by 
Indla's lnltial National Communication, 
2004 (NATCOM ) to UNFCCC . Some of the 
chvlgcs of relevance to inland Rsheries arc 
described below: 

8 Surface R m p e n m r e  : At the natlonal 
&I, in- of - 0.4' C has been obser~ed 
In surface air temperatures over the past 
century. 

8 Ralnhll : whlle the observed monsoon 
rainhll at the all-lndla levcl does not show 
any slgnlflcant trend, regional monsoon 
variations have been recorded. A trend of 
increasing monsoon seasonal rainfall ha6 
been found along the west coast. northern 
Andhra Pradesh, and north-western India 
(+lo% to +12% of the normal wer the last 
100 years) while a trend of decreasing 
monsoon seasonal ralnfall has been 
observed over eastern Madhya Pradesh, 
north-eastern Indla, and some pans of 
Gujarat and Kerala (-6% to -8% of the normal 
over the last 100 years). 

8 Extreme Wenther EvtnU : nends are 
observed in multi-dmdal periods of more 
frequent droughts, followed by less severe 
droughts. There has been an overall 
Increasing trend in m e n  storm Incidence 
along the coast at the rate of 0.01 1 events 
per year. while the states of West Bengal 
and GuJarat have reported incnaslng nends. 
a decline has been observed in Orissa. 
Goswami et a1.2006 by analyslng a dally 
ralnfall data s e ~  have shown a rising trend 
in the Frrquency of heavy rain evcnw. 

8 Rlw la  Sea Lewl : Uslng the m r d s  of 
coastal tide gauges In the north Indian 
Ocean & mOIt dIM rK) yurS. U~kdShllal l  
and Shankar. 2007 have estlmaud, that 
sea levcl rise was between 1.06-1.75 mm 
per year. These r a m  are conststent with 1- 
2 mm per p r  global sea lwel rise esti- 
m a w  of IPCC. 

resou& of bnow and ice md trs &en 
form a source of water for the perennial 
rivers such as the lndua, the Ganges, and 
the Brahnuputra. Glads4 melt may impact 
thelr long-term lean-season flows, wlth 
adverse impacts on the economy In terms 
of water availabillty and hydropower 
generation. The a ~ l l a b l e  monitoring data 
on Hlmalayan glaciers Ind ium that while 
recession of some glaclem has occumd In 
some Hlmalayan regions in recent years. 
the trend Is not consistent across the entlre 
mountain chaln. It Is accordingly, too early 
to esubllsh long-term trends. 

3. Impact on Aquatic Ecoqystems 

Fresh water is a finite resource and the 
basic amount of fresh water supply provided 
by the hydrological cycle dces not Incre~se. 
Water anywherc on the planet is an integral 
part of the global hydrologic cycle. A rise 
in average temperature In mountainous 
regions can alter the precipitation mix 
between rainfall and snowfall, wlth 
substantial tnaeasea in pnclpitatlon comlng 
down as rain and a redunion In the amount 
wmtng down as snow. This change means 
more flooding and more ~ n o f f  during the 
rainy season, but also lese water held as 
snow and ice in the mountains for UM in 
the dry season. Some of the changes in the 
hydrologic system (Ameil et al. 2001) that 
are relevant to fish and fisheries are: flood 
magnitude and frquency could Increase 
owtng to more intense precipitation wenta: 
water temperature will Increase; low flows 
would be more severe owing to increased 
evaporation; peak stream flow would move 
from sprlng to wlnter owing to earlier thaw. 
IWs is evldmt In the USA where an increase 
In the proponion of annual preclpltation 
asscdaud with m e m e  has  b a n  m r r l n g  
since the early 1900s across U.S.A and 
hrw s c a w h  (Kunkci5 Ambagan 200 1) 
suggest that thls will contlnue Into the 
future. 



lndla Is consldcrcd rich In tenns o f  annual 
rainfall and total water resources available 
at the national level. Itowever. thrse 
resource.; are u n ~ \ ~ e n l y  d~strihuted and 
result in  spatial and temporal shortages. 
hrnce 11m111ng availahll~tv across reglons. 
Cl~mnte change and var~.\hil~ty arc lihrl!. to 
worcen thr vuist~ng s i t ~ ~ . i t ~ o n  hy I l~r ther  
lin1111ng water il\,;~ili~hil~ly. Under a changed 
cllm.lt~c rrglmr lor an) givrn region. the 
c o m l ~ ~ n e d  rflrrt of r a ~ n l a l l  and more 
evdpxlratlon would have dlre consequences. 
Dot11 lh rs r  would lead l o  l r s r  ronoff. 
suh.itan~ially changlnl: the availahillty o f  
frr\l~water in the walcrsheds. Alw. ~mtential 
ch.~nse.; In temper.llurr and precipilatlon 
r n l ~ h ~  lravr a dram;llic Impact on the soil 
mol,ltlrr ;lnd a r ~ d ~ l y  levrl oI hydrolog~cal 
7onc.~ IVlth chansrs in the flows. annual 
runoff, and grol~nd watrr recharge, water 
a\tnilahlr lor usage will h~nher hc dwrea.4. 

3.1 Rlwm 

The pm)mlons of wa tn  balanw compnrnu 
for thc I r ivrr  hasins o f  India Tahle I 
(IINC) depicts the comparison o f  water 
halance componrnts expressed as 
prrccntagr of rainfall for control as well as 
Climate 'hangr Scenarios. I t  is observed 
that thr  1mp;trts arr differrnt in  different 
catchments. 'The lncrease In rainfall due to 
climate change docs not resillt in an increase 
in IIIC Stlrlacr run-of1 as may he generally 
predicted. I'or example, In the ca$e of the 
Cauvrry rivrr hasin. .In lncrease o l  2.7 per 
cent has heen proiwtrd i n  the rainfall, hut 

the run-OR Is prolccted to reduce by about 
2 per cent and the evapotranspiration to 
increase hv ahout 2 per cent. This may he 
either due to Increase In temperature andior 
change In rainfall dlstrihution in tlme. 
Slmilarlv, a reduction i n  ralnfall In  the 
Narmada is likely to restrlt in  an lncrease 
in [he run-o f f  and a reduction i n  the 
evapotranspiration that is again contrary 
to the usual m!ih. This increase In run-off 
may he due to intense ra infa l l  as a 
consequence of climate change. Therefore. 
i t  is important to note here that these 
Inferences have hecome possible slnce a 
dally computational time step has been 
used i n  the d ~ s t r i b u t r d  hydrological 
modeling framework. Thls realistically 
s~mt~lates the complex spatial and temporal 
varlahilitv inherent in the natural systems. 
I t  may he ohserved that even though an 
increase In precipitation is projected lor the 
Mahi~nadi. Drahmani. Ganga. Godavari. 
and Cau\'rrv haslns for the Cl~mate Chanec 
Scenario. the corresponding total run-off 
for al l  these basins has not necessarily 
Increased mb le l ) .  For example, the Cauvery 
and Ganga show a decrease In  the total 
run-on. Thls may he due to an increase in 
evapotranspiration on account of increased 
temperatures or variation in the distribution 
o f  rainfall. In  the remaining has~ns, a 
decrease in precipitation is prolected. The 
resultant total run-off for the maiority o f  
the cases, except lor the Narmada and Tapi. 
Is projected to decline. As expected, the 
magnitude of such variations is not unlform. 
since thrv are governed hv manv factors 

m -+ such as land use, sot1 cha;acter~;tlcs and 
the status ol so11 mo~ct~l re The Saharmatl 
and Lunl basins are l~kelv to experkenre a 
decrease In prrc lp~tat~on and consequent 
drrreaqe of total run off to the tune ol nvo- 
lh~rdc  o f  the rrrevalllne run-off T h ~ s  mav 

floods. Rainfall. run -o f f  and actual 
evapotranspiration have heen selected from 

" the a\railahle model outputs, since they 
mainly govern these two extreme impacts 
due to cllmate change. 



tauvery Control 
GHG 

Bnhmanl Control 
GHG 

Goda\,art Control 
GHC 

Krlrhna Control 
GHG 

Luni Conool 
GHC 

Mahanadl Control 1269 5 612 3 
GHC 1505 3 784 0 

Mahl Control 655 1 133 9 
CHG 5343 1WO 

harmada Control 9735 353 4 
CHG 9498 3594 

Prnnar Control 2 3  2 148 6 
GHG O i o ?  1102 

Tap1 Controi 928 b 311  2 
GHC 884 2 324 q 

Ganga Control 1 I26 9 495 4 
GHG 12496 5546 

Sibarmatl lonlroi 499 4 ii O 
GHG ,703 0 lo 6 

, .C,>~rc, ii,V< M>!,!$,n 4 ln,rr~70rn,~4, d n d f , ? r ~ . ~ ,  A W M '  

Rtvers d~ffer a great deal in the amount of 
water they carry depending upon the 
precipttarlon in thew catchmenrs and othcr 
sources of water je g., snowmell) as well 
as factors that determtne runof, innltrdt~on 
and waporarlon Flow is an important factor 
determining the physicai structure of a river 
and thus malntainlnn in-stream habilars 
The rangc and var~ab;l~l) of flows drr lu,t 
as lmpor~ant as the volumc af water wt~htn 
a syslcm Flows also d~lTer In their seasonal 
flow paltern$. wzr and f r qu tnn .  duratlon 
and the rate of rise and fai iofa !low event 
Changes In any of the flow characvristlcs 
are marked by a reduction I n  habitat 
complexity and the diverslry of pianu and 
animals River flows interact with ground 
waters whtch ma) te recharged or co&buv 
to the rner flow .alrcharge) al d~flerent . - 
times of the year. 

a cue for migration and spawning as show11 t(Q .' ' 4'Jrcr?'.fld 
in figure 3 k i o w  (Sourct- Hni Gopal. 2005) : ~ ~ ~ ~ ~ ~ ~ ~ , ,  
m- 1 ) l Y S f A S ~  

'- 

Pwk rah, h i  

r0,k.d in 

1 2  3 4 1 6  7 8 V 1 0 1 1 1 ~  
L-L-LL.A-+&-.--L--L2..- 

Monh 1-i -6 on lim 04 rotni and lim d e n  & 
-r ro n m l  darn rim rn Rmdpbtni 

fish up (im d~rpnw a hi rn i , u  con1,nd m 
vm.mml Rmdpbm imh 
fish m&non nniomd habur m u h  r h r d  
b r  2 -  

Further, flow variablllty directly affects 
many 11fe cycic stages of fish: for """ dwm- d'";d d+wp.d 'I" 

!,A 'nn"mo' ww hi 'npmi' MW &,J 
exarnple.floodlng or irs reccding serves as gE& mvchra a n n  



WanningeUeaan~Maorcrbatechealscmg 
environmental problems for rivers and 
wetlands. It may change the chemlcal 
comwsition of  water that fish inhabit: the 

3.2 Wetlands 

Hydrolglcal pfoccsscs In  the m tmhed .  
and the rate of  downstream discharge. 
d r tmlnc  the depth, duradcn and hcqurncy 
of lnundatlon of the floodplaln, which 
prlodically homes  a pari of the rlwr. The 
area of floodplaln immediately adlacent to, 
and influenced by the river 1s often 
distlnguishrd as the rlparlan zone. Thus, 
riparlan zone and the floodplaln are 
Important riverlne habitats; they form a 
critical link between ternstrial and aquatlc 
ecosystems. 

7hus the r lw r  tlows determine the naNre I and strength of  a rlwrss intenctlon with 
Its flaodplaln, and mscguently the dhrcrslty 
of habitats and blotic communities. Any 
human actlvlty that dlrectly or Indirectly 
Impinges u p n  the flows has an impact on 
the f l s h e ~  resources. 

m e  open water wctlands that are d t lea l  
habitat of many sprclcs would be feplaced 
by damp land although some form of 
w t a t l o n  would remain then. Lomr water 
tahle would also lrave some areas that 
ct~rrently have some form of wetland 
vegetation. dry for a longer perlad that 
would reduce hlolqical productivity and 
In .wmr cases would leaw the land too dry 
to consider i t  as a wetland. A drier climate 
would also force farmers to Increase the 
imifiatlon. which also rrd11t-c the water table. 

amount of oxygen in water may decline. 
while pollutlon and salinity levels may 
Increase. 

Water holds less oxygen a t  hlgher 
temperature as such fish require more 
Oxygen as temperature rises. lndian malor 
carps and the exotic carps cultured In India 
are appreciably tolerant of warm water and 
low oxygen conditions (Table 2 ) Many other 
Indian fish species of Anabantidae 
.Heteropneustldae and other catfishes are 
capable of  tolrrating oxygen depleted 
conditions. 

Existing envlmnmental p b k m s  for l a k s  
and streams muld be oracerbated bv climate 
change. The potential interactionsbetwccn 
climate change and traditional problems 
such as eutrophlcat~ons and toxic 
substances are practically unexamined. 
They are briefly mentioned In some of the 
literature (Magnuson r t  al. 1997; Schindler 
1QQi). hut the available literature Is meap. 
Increases In more intense rain evenrs and 
winter fain events should increase runoff 
and increase external loading (Increasing 
apparent eutrophication); reduction i n  
precipitation should reduce runoff and 
reducr external phosphorus loading 
(decreasing apparent eutrophlcationl. 



33.3 ema or poutlonu 

G M  warming la thought to be an overall 
effect of anthropogenic pollution. The 
relatlvc toxlcity of a typical pollutant auch 
asthehuvy~mppniswonglyfound 
to be temperature dependent. 7he incipient 
lethal level for copper to brown trout was 
0.47 ~ m o i  1.' at 59: and 0.08 pmol I-' at 
59: (mumont et al.. 1995). Various effca 
of copper me sem in Ashes like smrmral 
damage to gill epithelia by severe copper 
uposure (Klrk & Lmls, 1993; 'lhylor et al.. 
1996) and disruption of the ion regulation. 
Sub-lethal exposure of copper at a l l  
conantration together with all tempramre 
combinations caused less severe damage 
but the changes In the winter trout exposed 
to 0.47 pmoi l ' copper were quite 
substantial. These winter trout showed 
decline in swimming performance only one 
out of slx Rsh tested swam steadily at the 
lowest test speed of 0.3 m s ' .  The other 
swam only for 5-6 minute with burst and 
glides. However, they displayed no abliity 
for aerobic exercise and Uuy retained some 
capacity for anaerobic 'burst' swimming. 
lhis observation strongly s u w  the effect 
of copperlacld exposure is on aerobic 
exercise. 

4. Impact onJLFh popularlon 
4.1 Brsedlng and ncrulment of  Ashes 
i n  rlven 

The Indian Major carps (IMC) constitute 
the most important fish specles for inland 
Ash production from the riwrs and cmflned 
water bodies. IMC breed naturally in the 
rivers while in confined waters where 
aquaculture is pramsed it is bred anUldally 
by hypophysatlon. The impact of climate 
change on the breeding of IMC has been 
different in the two aquatlc ecosystems. 

m p c r i e s d a t l o n ~ d l m t e ~  
and inland fisheries related to the Ganges 

rher system vlz. mm ampntun cumnt 
velocity, rainfall, plankton availabllity, 
availablilty of sprwn. flsh landlnlpl etc. 
were collected consulting approxlmrtely 
200 scientific papers. The data were 
analysed and compared wlth the present 
data collected through the lCAR Network 
Project on Impact. Adaptation and 
Vulnerability of Climate Change to 
Agriculture ta evaluau the impact i f  any 
on Inland fisheries (Annon, 2008). 

River Ganges : The Rsh spawn or seed 
avaiiablllty of lndlan Major Carps (IMC) has 
declined in the mlddk stmch of rlva Ganges 
over the years, The failure of recruitment 
of young ones to the system Is baause of 
failure in breeding of the IMC. The flsh 
spawn avaiiabillty index declined from 
281.03ml during 1970s to 27ml in ncenl 
years (1996 to 2000). I t  also showed a 
decreasing percentage of major carp seed 
(78.62% in 1961-1965 to 34.48% in 2000- 
04) where as minor carps Increased (from 
20.68% In 1961-65 to 52.95% In 1991 to 
1995) and other fish seed showed an 
increasing percentage (from 0.7% in 1961- 
65 to 4 7  8% in 2000.04) in the uul seed I~~~~~~ 

Majofily d nshm of k Ganges rlver system 
breed during the monaoon months i.e. June 
to August baause of their dependence on 
seasonal floods, which Inundate the 
Gang& HoodplaIn aream amt ia l ly  needdd 
for reprodtiaton and feeding. A decrease in 
prccipitatlon during the br&dlng months 
alter h e  required flow and turbidity of the 1 
water esrentlal for breeding of IMC. I 



-_ - _ - --. responsible for failure i n  breeding and . . - "-/' consequent recruitment o f  young ones o f  

. 1  
lndlan malor carp5 In the river Ganga 1 -  i" m 

F r n  4.2 Geographic d lst r lbut lon o f  f lsh In 

r I fiver Ganges 

5 '  
m i l %  U, dn 

Temperature has long been a focus o f  
biogeographic studles because o f  i t s  
overwhelming influence on the physiology 
of exothermic organisms (Hutchins. l94i ) .  

, Because f'lsh arc exothermic organisms. I*%. . ?? J? 
IV .~  , IYII .YI ,ww their survival, growth, egg development 

i.-. p...,l and even c o m ~ e t i t i v e  ahi l i tv  a l l  are 

Analysis o f  the monthly data o f  Allahabad 
from 1974 - 2003 split Into three equal 
periods PI  (tan-Aprllr PZ.(May-AuR) and P3 
(Sep.-Dcc) revealed that the percentage o f  
to ta l  ra ln la l l  i n  t i le  peak breeding 
priod(May- Aug. ) declined by 5% whrreas 
11 increased h!. 7% In the post- breedtng 
period w l ~ m  resorption o f e g ~ s  of IhlC sets 
in. 

temperature dependent. F3iog;ographic 
dlstrlhutions often provlde insight into 
thermal limits for ectotherms such as flsh 
whose physiolofy and reproductivesuccess 
are strongly influenced h!. temperature. 
These thermal limits can he used to project 
disrrlbutional changes following climate 
change by assumlng lish will migrate along 
isotherms to remain wi th in a suitahle 
thermal envelop (Rahel. 2002) .The thermal 

Thls shlh I n  the ralnfall pattern (Flg. 5) limits of some lnd~an flshes are tabulated 
during breeding season is a major factor hrlow (Table 3). 

Table 3 : Thermal p p l n g  at nshes hum rlver Ganpes 

Rmp Tolcnnm Opdmum Rmp. 
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Schgal (ts73) 

17 B w p  20 5 1022 5 
I 

Badola & Slngh 1984 
8 Ao*wMhw I 

I h r q r ~ ~ n o l r p ~ r  I 

9 Ihrpur(mm 19710208 I 1030 15.25 ~Vass (2000) ! 

tbss & Capakumar (20021 
10 TlDI 19910284 41030 15-25 Mi (lOR?l 

\'ass & Gopakumnr (202) 
11 Tkhudm 24 10.33 15-30 Chondar ( 1  9001 

I !bs% 61 Capakumar (2002) 
I2 T &lNnaMn 22 to 28 \br% (2c.m 
13 r m m l  72 10 839 Chondar (19991 
'4 ~~d~ 2352s - _ \ass ,2tWn 



TZble 3 : Thermal grouplns at Ashes from rtnr Ganpps jC@nrd ) 1 

I ,: .\, J!,:,~:~.,.J,:, I,.. ; - . ,,- I..',) \ , , \ % $ , ~ \ ~ > ' , ?  

m,,!( >~~,xrtJ:v \.I,\ h 1.~1paAllmar ,?M:l 
16 5 h,nrrplnrs IS to 14 15.25 15-20 Zr l l~a l  R RantLrl.;llna 

~i ~ n p ~ ~ b l l ~ t i n l  lla1~11 
17.'S pla#osmmus 1 8 to 2 1.5 5-25 15-20 I',I\, ,?~IL%X 

\:I.< R i;opakamnr (20021 
18. S.nasUs I 0  to 17.5 15.25 15.20 \',~su ,?c\lOl 

\:tr.; ai i.opakumar (20021 
19, S. ntfm 9 5-20 5-25 15.20 \'as% h Gopakomar jzw2r 
20. Srichmdsdnii 14-18 5-25 15-20 '%'ass B Gopakumar (?Cil31 
2 I . .T. c.~win u.5 1010 17.5 5.25 15.20 \'ass (?OC+>I 

Va-s B Gopakumar (2002); 
22. C!vprorhomr 23.2 to 28.5 \'.?ss ,ZrNX>r 

prrr!noprrru.q 
2 3  G ka.shmrr~mts 1410 I 6  Vass (2M@l 
24. Srhr.volhorm p l u n t n s  16.810 17 2 Vass ( I W )  
25. S. m n l h n s  18 lo  19 Vass (2CnMl 

I 
26. Ncmarhrilas corlca 20.2 to 2 1.5 1 \'ass ( 2 m 1  
27. Qprlnrrr c u ~ i o  22 15 to 26 ' 20-25.9 Vaus (?000\ 

comm#mr.r ~ a c . ;  61 Gopakumar (2002)' 
'28. Qpnnur mtplo 101045 ; , Chondar ( I  0001 I 

sprrrrlaris 
!29. Rarihus borne 25 to 28 I 'chondar (199s) ! 
,30.. Orrmus rlchadsonll- - ,  14 to 21 _ L.__ ., . .. . _ , ~ , lhlnpran (1001) , 
. - - .. . . . -. - . T . . - -. Warm n t e r  spcctes . . . .. . . . . . . , 
.3 1 .  Noroptms chltula , 6 to44 Ihlnpran ( lOsl \  
32.1  Ncol i .~s~hl lus 214102b7 Ihfngran (1901) I 

hcxaqonolrpr.~ 1 
I 8 3 1 0 3 7 8  lhlnqm (1991) P 

Chaadhuri (19hT1 
lhlngran (1991) 6r 

I Challclhuri j1QhV 

16 7 I039 5 Optimum A l~kunh l  el al (1964) 6r 
I 18 3 l o 3 7 8  Uukhrr~crct  al ( I Q l 6 r l  

<8 Rao r t  al (1964) 

391041 
Is the upper 
lethal l ~ m l t  



1 4 7  H mo11rd1 23 10 29 > 15Y Chondar (19991 
i I i fisher sun , i 

48. 
49. 
so. 
51. 

u rn35 (hadu(l999) 
M8dns Rsh. DqK llepDn 
Salpl(1982) 
Salpl (1982) 
Ahmed (19441) 
Chondar (1999) 
Chondar (1999) 

52. 
ss. 
s4. 
55. 
56. 
57. 
ss. 
59.1 
60. 
61. 
62. 
65. 
64. 

Chondrr (IPOq, 
Chondar (1999) 
Chondar (1999) 
ehamaarya (1946) 

L.bso bqplul 
L mhsu  
LJnhriaw 
L &#a 

Ra&lYb&r 
a- 
~ ~ I C h t ~  IdhM 
W N S  @or 
M sanghak 
W l l q o  am 
c / u p l . ~ ~  #am 
Sllonla sllondla 
C turnus 
H.Josllb 
Olunna nnmCr 
C. pUllCtUNI 

C.sfli4NS 

kw*- lzh-1 
61. PMlllurhuullahlrr 

.- 

The dl,trlbutlonal shlfis o f  specie, can 
Include abandonment of areas cumntly 
occupied I f  future temperature exceeds 
physlologlcal tolerances (Rahel et al. 1996) 
as well as colonlzntlon of new areas I f  
previously unsu~tab le  temperature 
condltlons arc ameliorated (Shuter and Post 
19901, Thls approach has been termed 
"forecasting from historical analogy". I n  
freshwater we should expect to see flsh 
dlstrlbutlon migration pol? ward or higher 
i n  elevation as speclcs track suitable 
temperature. Areas now supponing h l ~ h  
yields of spon or commercial s p ~ l c s  may 
become maranal. whereas arcas at the 
margin of sprrles dlstrihurlons map become 
optimal (Mlnnls and Mmrc 1995). Of course 

28.2 

2950 
31.1-33.6 

such change, I n  flsh dlsnfbutlon assume 
specles w l l l  be able to migrate along 
watercourse to final sultable thermal 
habltat. Thus for predlctlng fish species 
response to cllmatc change thermal llmlts 
based on blogeographic distribution is a 
useful approach. 

w i t h  thls background the dlstrlbutlonal 
pattern o f  fishes o f  rlver Ganges were 
analysed from the publlshed records 
available. I t  reveals that a large number of 
flsh specles which were predominantly 
available In the lower and middlestretch of 
river Ganga In 19505 are now recorded from 
the upper Ganges stretch 1.e upto Tehri. I t  
Is lnd~catlve of coloniration of new areas. 
(Das. 2007). 



Ffsh: There is a perceptible shlft In 
geographic distribution of the fishes of river 
Ganga. The warm water fish species 
Glossogohius g iu r i s .  Punr ius  ricro. 
Xennrodon ca~~ i la .  Mvsms virranlr earlier 
availahle only in the middle stretch of river 
Ganges are now available in the colder 
stretch of the river around Haridwar. In the 
Haridwar stretch during the period lQ70- 
86  the annual  mean minimum water 
temperature was 12.9 OC ( 13°C). while 
during the period 1987-2003 it increased 
to 14.S°C, an increase of l.S°C is thus 
evldent. As a result the stretch of river 
Ganga around Haridwar has become a 
congenial hahitat for these warm water 
fishes (Fig. 6). 

Mahseer Tor putlrora descended during 
(Dec. 2005- lan.2006) for the first time upto 
Karnal where it formed 1.18% to 1.4% the 

total flsh population. The average mlnlmum 
atmospheric temperature durlng Drr-Ian 
06 ranged from 5.1-R.Q"C and max 
trmpra;!lrr k t w w n  17.3-21.4T Thr watrr 
trmrrralllre k i n g  4 0.8 5°C and15 0-20 0Y 
r e s ~ c r ~ v e l v  aro1;nd Karnal. The descending 
run III rlvrr lamuna upto Karnal may h.ivr 
k e n  to avoid low trmprratllrr in the upland. 
The normal preferred trmperanlrr oI tlle 
fish specirs is 15- 2R" C. (Annon. 2008). 

Qc. 6 'J Mmn mlnlmum 
w,rrrrr rrmymrurr nr 
t larlhwr ,l,dr(n,c 
IPR' ll.7 



Water temperature st rongly affects 
metahollsm, consumption. growth (Kitchell 
et a1 Ini:), flsh hchaviour, hahitat srlection 
(Rrandt 19~1.3). spawning (Facey and 
Grossman 1990) foraging (Rrson 1986) 
and prrdator.prey fntcr.lction. Pmious work 
ha5 s h ~ ~ x ~ n  that rhr growth rate potenrial 
provide\ a good meahurr of hahitat quality 
(Tyler and Rrtlndt 2001) and eiferriveiv 
i n r o r p o r a t c s  h i o r i c  a n d  a h i o t i c  
rhararteristics o f  the environment i n  a 
metric that d i r rn ly  relates to the fitness o f  
nsll (Br.~ndt & klrsch lq93:Mason et ai. 
lc)qS). lnvrstigarions conducted hy Brand1 
el a1.2002 In thc Great Lakc hasin (Lake 
Mlrhlganl Indicated that increasr in length 
of thc thermal condit~ons for high growth 
ratc was shown to he the main causr o f  
inrrcase i n  flsh growth ratc potential for 
all sprcies under climate warmlng. Clearly 
any cfiect of climate warming on the top 
predators wil l  d r p n d  on prey availahllity 
and prrg fish populations. One of the more 
sohllc eflrcts ol cIi.inges i n  the thermal 
s t r ~ ~ r t o r r  was thc impart on prey densities. 

Anal!*sis o f  [he data ( Das el. al. 2008)of 
the various srretchcs of river Gansa to snldy 
the relationship indlcatc that the predator 
(largr rat lishr and prep (misrellaneo~ls 
groups ol fish and prawns) ratlo in middle 
s t r r t c h  (Rusar l  and  lower s t r r t r h  
(Rhagalpurl has markrdlv narrow down 
irom 1:4.17 to 1:1.41 and 12.27 to 1:0 93 
rrspecrively i n  four drcadcs (IQSR-IQQ:) 
p r ~ d . (  Frg. 

Climate warming may produce a large 
volume of thermal habitat for the fish and 
i f  the same number of prey is distributed 
across this largr volume o f  hahitat. prey 
densities encountered hv a predator would 
be reduced. Reduced prey densit~es would 
reduce the prrdator encounter rate wi th 
prey, which would reduce predator 
consumpt ion ratc.  This i s  shown 
conceptually. 

I I 

5 .  Impact onysh 
5.1 Breeding of fish I n  hatchertes 

The Indian Malor Carps C. ccrrla. L. mhfta 
and C. mfieola l o rn  the pmiominant species 
around whirti Inland aquact~lrure is centered 
in India. Tliese lishes unlike in rivers where 
natural spa\rrning occurs do not breed In 
confined waters and arr bred in captivity 
by the rechn~que of hypophysation during 
their maturir?. In the monsoon season lune- 
August, ~Chaudhuri, lQh31. However. In 
rcccnr years the phenomenon o f  IMC 
maturing and spawning as early as March 
is ohser\'d. tnvrstigatlon was condurted 
( m y  et. al 2M7. Annon, lMRl to ascertain 
the i m p a r l  o f  c l ~ m a t i c  variables. 



~ M P A ~  AND h 4 l 7 4 T I O N  OF INLAW FISH~RRS TU CIJM4IF CHIWF IN INII~A 4B 

viz.. elevated temperature and rainfall on 
the hreeding of Indian major carps and 
impact on the fishers in 50 fish hatcheries 
in four districts viz. North 24 Parganas. 
Rankura. Rurdwan & Hooghly oi \vest 
Rensal. 

h.nd of trmperatun alrt-mtton : Analysis 
o f  the air temperature data(1986-2005 

of occurrence of (4°C and ahovc) dilTermce 
in minimum temperattlre shifted towards 
colder monrhs 1.r. lanttaw I?hruary (Imm 
14"r to 31%) : Frhrtlary-March (Irom SS":, to 
46%) and March-April (from 321. to Z3z) . 
(fin. 81. 

The analysis of air temperature data showed 
that both mean maximum and mean 

recorded hv l l ~ i  m e \  for the fo~~rdistricts m l n i m ~ ~ m  air temperature have incre;lsed 
invrstieated durine hreedine months (March hv 0.6i°C and 0 37°C rc~nectivei\~ d u r i n ~  
to ~ep t rmber )  i;;d~catr ;'hat the'mean 
maximum air temperature has increased 
by 0.3i°C and the mean minimum air 
temperature increased hy 0.67"C in the 24 
Parganas (N) district: hy 1.5i°C in district 
Rankura and in Rurdwan district the mean 
minlmum air temperature increased hy 
0. 18°C. 

Simul taneously the differences o f  
temperature between the months Ian-Feh. 
Feb-Mar and Mar- April during the period 
1961-05 indicated a shift towards higher 
t e m p e r a t u r r  d u r i n g  I a n -  I e b  
months.Analysis o f  thr  data was done 
taking the frequenq of occurrence of (4°C 
and dhove) difference o f  temperature 
hetween the three consecutive months as 
a basts for evaluating the shift o l  elevated 
temperature towards cooler months lan- 
Fch .It revealed that the frequency o f  
occurrence ol this temperature diHerences 
was maximum in Fehruar)-March (a\~g.SSVJ 
and March-April (a\,g.30%) during prr\wus 
three decadrs i l9bl -QOI.  Rut, such trend 
was not ev~dent in the recrnt one and a 
half decade,lqQI-05) where the frequency 

. ~ 

last two decades in the d~strict 24 i~r~an;,; 
(NI West Rensai during the hrerding sr.v;on 
(March -5rptrmhcr). Putting rile recordrd 
a l r  t rmprr ; l torr  i n  the w o r k r ~ l  out 
rrlatlonshiprqt~ation w= 1.1504. n - 3.7305. 
R2-0 'lh.74 hr lwren  ai r  and water 

np 8 ,  shin pr 
rrm~vmrur~dlrPmrr.~ 

trmprraturc. (where w=water trmperaulrr l ~ i t t t t n ~ l ~ u f l l  I "  



ol tttr ratnf;;ll data (197i~-05) collectei hy 
IIM'I Func. showcd that the proportton of 
anntral total ralnlall wcurrtng in monsoon 
months (May.August), was hRB during 
1976-R5, hut tht\ proportion graduallv 
drclined to 65% (hlavAug) during 1985-95 
& 62":. tlllring 1996-05. l%ul an tncrrasing 
trrnd wa.; r\f~den! tn post monsoon months 
(in Sept-r)rO thr proportion increased to 
SO% (illring Iqih-05 at nttmnum dtstrict 
(I'is. 9, whcreas this was 33's. during lQ i6 -  
R5 Similar pattrrn rainlall distrthution 
were ohsrrvcd ;rt Kolkata dtstrirt of West 1 r r n p i  liltring lQi6-0. (11g.10,. 

Flu. 9 : Ralnhll panern at DumDum 
durlng 1976-05 - -  

?m 
- 

A 2 1  

Fls.10 : Ra lnh l l  mtum a t  A l l ~ u r  

1C.n 
durlng i976-05 . 

--- 

Analysts ol inrcrarlton wtth ftshrrs and 
oprrators of 50 fish hatchcries show 1h;tt 
90-9530 indicated tcmpcraturc rlsr as the 
main reason for ad\'ancement of the 
hreeding season of IMC, with 90.95% 
reasoning to demand and high sell price of 
seed. Thr increase in income is attributed 
to more quantitv of spauln by 90.95% 
respondents. Thc study also obsewcd that 
the hrrcding pertod of the major carps have 
advanced in all thc districts hy 1-2 months 
sincr last tweny years (Fig. 11). 

PIS. I I. Advanced breeding period of IMC at 
diflcn?lll halcherlcs of Naihatl. 24 Prgs. (N) 

Rla and Income 

The prlce per measure (batl) of IMC varied 
during the season. During 1980-85 each 
bati was priced Rsl-250-300 in lune-luly 
going down to Rsl-150-200 in August- 
septemher. miring 2000-05 initial price per 
hari was W-500-600 during the advanced 
months of breeding. (March -April) coming 
down to W-180-200 in August -September. 
Fig 12. In spite of the enhanced cost of 
prtdunlon in the last two decades the high 
price of the IMC spawn tnitiaily w ~ t h  
extended season of sale has raised the 
Income of the fish seed hatcheries and 
fishers. 



PCIRnuge spawnlng and p r l a  
11980 - 85) 

Thus the alteratlon in cllmate has had a 
positive impact on the brreding ofthe Indian 
Malor Carps i n  fish hatcheries i n  the 
aquaculture sector unlike in rivers where 
there was a negative effect. 

5.2 Impact on reproductive lntcgrtty 

All the n a p s  of reproduction i n  fish viz.. 
gametogenesls and gamete maturation. 
ovulation/spermiation, spawning and early 
development stages are influenced hy 
temperature. lmhalance or rapid change in 
temperature are stressful to fish and may 
also be linked with other stressors . The 
primary effect of stress is the activation of 
sympathetico-chromaffin tissue and 
hylnthalamic-pituitary pathways resulting 
in the release of respective catcholamines 
and conicosteroid hormones in the hiood 
streams. These wil l  increase the metabolic 
processes to reduce the stress response in 
Rsh. I f  stress is  maintained then the effects 
start manlfestlng by the inhihit ion of  
reproductive function. cessation o f  
ovulation, depression o f  reproductlve 
hormones i n  blood and ovarian failure. 
Temperature &an,- mmodulates the hormone 
action at all levels of reproductive endocrine 
cascade. 

R m n u g e  spawnlng and p r l a  
(2000 - 05) 

Fish are ohliqate polkilotherms (ectotherms) 
some of w h ~ r h  can perceive temperature 
chanqes of less than 0 S°C Invrstlqatlon 
war conducted on C carp10 sohlrrrrd to 
enhanced temperature The optimum range 
of the flqh ic I 5  32°C and Ire u p p r  cri l~cdl 
ranee 12 30-4l0C It spawns optimally in 
the range of 12 30°C 

Mature RmaleC nrrplo fiqh were cah/ected 
to an enhanced temperature 0134°C to ctudv 
the effect on the reproductive integritv of 
the flqh (Das t t  al 2008 ) Observation on 
the Ieveic of cholesterol in the ovarv and 
l iver, hormone Fctradiol I n  serum. 
Gonadosomat~c and Hepatosomatlc Index 
was done for 2 1 days to a w s s  the Impact 
on the reproductive rompetence of the hhes 

,g ,J, Fllinpl mhanrrrl 
~ ~ ~ p ~ m ~ ~  ~ p m ~ , , ,  r(vr 

~ ' r q * o  q/flchcq 

* w*c* a r ".-rrryw." 1- - ---* u r m v  "mv,m?"a.nrr 
MImw C mrplo m W  to upper crllhal n n p  of vmpentuw I 4 . C  
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I Thm has k n  a decrease In the Gonado 
ciomatic index and serum estradiol levels. 

/ The cholesterol levels in ovary and liver 
I increased. tf~srolq?y of the ovarvof C catpin 
! rxhihittrl inips~rrd vitellqenesis in omyes. 

Functional homeostasis of sterold hormones 
is  Important in l i fe cycle o f  fish being 
seasonal hreedcrs. Any change in the line- 
t t~n inp  o f  the steroid hormones leads to 
disruption of thr rrprbductive emcirncy o f  
rhr fish and depletion ofthe population In  
the long run. During sexual maturation 
synthesis o f  gonadotropin and steroid 
hormones are high. 

High tcmpcrorurr : lnvestlgatlon were 
conducted by Das el. al. 2002 on the 
altrration occurring in the levels ofvarious 
strrrc srnsitivc h i d  and tissue parameters 
o i  Ihe i l sh  L.rohira and R i ra  r t ra.  
acclimatizrd at 29'c and suhiccted to a rapid 
suhlrrhal rlse to 3S"c and tlren maintained 
a1 [his trmpcrarure. 

The results indicated that the homeostatic 
mechanism of the fish Is stressed. The 
changes evident is hvpercholesterolemia 
indicat~ng Impaired sterol mechanism. 
hyprrglvccmia and decreased blood sugar 
repulatory mechanism. Pituitary acrivar~on 
a\ cv~drncrd h!. ~nterrenal ascorhic acid 
d e n i r l ~ o n  and cort isol  elevation IS 

pronounced. Oxygen consumption in both 
There has been an accumufatlon of liver the lishes lncreasrd as judged hy increased 
and ovarian rholrsterol (a precursor o f  haemqgiohin. Simultaneou.;ly it is ohsewed 
sterold hormones) as a result the hormone that compnsatory responses were initiatrd 
estradiol hasdeplrted. Estradiol stimt~lates i n  the fishes wi th in 7' hrs. (Fig. 14). 
~ i , . ~ ~  to prodtlrp vitelloqenin. Failllre of @h\'iousi! adartatlon to the stress of  
inrnrporatlon of vitellogenin due to elevated tem~crature occurs. Rut i f  the 

sresss orenhanced temperature is ofchronic 
i n c r r a ~ d  tcmPerature (which is  mainly nat11re as In a climate warming scenario 
responsible for increase In  gonadal weight) then the tolerance limits would he exceeded 
has resulk-d in lower GSI and estradiol irvel in fishes. 
in serum. 

5.3 Impact o n  Flsh Health 

5.5.1 Fluctuat in~ temperature 

Flucruatlng IemperaNIY wry often disturb 
the homeostasis of l ish and si~hject them 
to physiological stress and shift i n  habitat 
or mortalit!. .In the climate warming 
scrnarlo fishes wl l l  be subjected to the 
hazard o f  rapid temperature changes. I t  is 
more so In thr tropical waters whrre dally 
variations i n  water temperature and 
thermocline i n  deep water hodies w i l l  
assume siqnlflcance. These effects wottld 

Fig. I4 : Phpbl al rrspaw In L.mhlfu mbmed 
lo sublcthknpcrature rlsc (28 to 359) 

... ;I* ,", 
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oftrn hecomr additive or synergistic with 
those o f  other adwrse (e.g. low pH, algae. LoWrmprmm; The phwiol@cal effecf 

oxygen shortage\. I t  is  essential to Of 'Old shock On LahPnrohihira was studied 
in the laboratory h!. Dutta etal.2002. The trmvranlm low trmpcratllre shock at 5 0 ~  was given to 

thouph sublethal, can place a stress of  iuvrnilcs of the f ish for 5 ,,,in. and 
cons~derahlr magnitude on the homeostatic srtbseqnently transfenrd to aquarium water 
mechanism o l  fishes at the primarv, ot :R'C Ic>r recoverv.A sienlficant decrease . .. 1 srcondan and tertiary level. occorred ~n anterior kidnrv ascorbic acid 



level. There was a rise i n  plasma conlsol ng. 15 : ~ h y s l o l ~ c a l  mponse in ~ . m h l m  
with in 20 min afler the shock. Plasma , sublrctrd to cold shock 5 ~ :  3 mln 
chloride levels decreased signilicantly hut . . 
suhscquently recovcrrd. Plasma glucose 3m( '4 t 
Icvr l  Increased dur  to glytojienolysis In 
muscle and liver. Plasma I.lct~i aclcl irvcl 

recove? (FIR 15). 
110 

I n  another swdy (Annon 2008) conducted 
to assecr the Impact o f  low temperature on 
fish I. rohrra luven~les were suhlectrd to 
gradual lowenncol the ambient tempraturn '" 
lrom 28°C to 1.3"C (c r~ t~ca i  temperatltre for . 
L rohrra) The result tndtcated stqnllicant 
rase In plasma contsol n l t h  h \ ve rs l \~em~a  
There has heen a cessation i f f r e t l i ng  and 
sudden hurst of artl\.ity Ibllowrd hy ;I st;lte 
o f  total crssation of art i \-~ty. Rut death 111d 
not occur as the fishes re~o\~rrc.d when 
placed in. 

5.3.2 Fish Disease 

Informarlon regarding the correlation o f  
climate warming w i th  freshwater f ish 
parasites or diseases are not availahlc. In  
a climate warmlng scenario trmperature 
changrs though sublethal can placc a stress 
o f  (onsidcr.thlr magni tude on t h r  
homeostatic mechanism of lishrs. (Houston. 
1971) leading lo  tntection hy parasitrs. In  
India thr onlv I'rrchwatrr lish dtsra.;r. which 
had h r rn  vr? menacing and v ~ r ~ t l r n t ,  w,ts 
the Epizootlc l l l ce ra t~ \ r  Syndromr (1:L'Sl. 
Transcending the ronfinrs ol cullltre pon(ls. 
the I:l:S h;ts plagltcvl t h r  n;ltttral I ~ s h  
popu la t i on  o l  open w a t r r  hodies. 
Environmental factors play a key roll, i n  
the initiation and spread ol this fish disease 
(Pas, loo?\ .  The dtwase outhreak occurs 
at the time of wantnq of rainfall and onw l  
of gradual stagnation and fall In  water 
temperatore. Thr lntrnse dlsease outhrrak 
occurred throughout lndia during the decade 
1000. which also coincides w1t11 one ol the 
warmest decadr of thr  century. 

5.4 Impact o n  Ash p w t h  

G m t h  ofJsh under slmulared 
trmperamm rrgime 

Normal  o f  20°C and three levels o f  
temperawre: 4 4  ( 3 3 V .  5 4  ( 3 4 9  and 6"C 
(35°C) ahove normal, were selrctrd for 
leeding e f i c i enq  and growth perlormanre 

study I n  fish I n  relation to Increase I n  
amhient temperature (Annon. 2OclR). 
Adtranrr fryofLcrbromhfriz (1.30 + 0.01201 
p.l acclimated in  iahordton' conditions and 
adaplrd to formuldted prllelised arri f i i ial 
Ired Rate o l  sorviv.tl @I trst l isl irs \r,as 
IOOs:, i n  a l l  t h r  thermally reptl latrd 
chamhers. which indicated thitt thr thern~;tl 
rangr of 29°C to 35°C wds not f'ital lor the 
L a h ~  rohrrir fingrrling.; within 13 a w k s  
o f  rxpostlrr. 

Speclnc growth rate:The specific growth 
rate (SGRI o l  fishes varied with the rhangr 
i n  amhtrnt t rmprra lurrs .  I h e  SGI< wdc 
m a x i m u m  a t  3 4 " ~  1 1 . 9 1  ?. 0.11)) 
lemperarure i n  which thr  food conversion 
eff i i icncy o f  the l ~ s h r s  was also at the 
h leh r~ t  level of 1.0.705. The SGR lncrrasrd 
h! 7.4":. in  33OC comparrd 10 :!9 *C ;lnd 
funher by 17.IRnat 31°C. At 3S"C thr  SGK 
o l  the f~\hes decreased hy 16.230 of that 
o f  34°C. 

The fishes at the end 92 days exposure 
showed progressive increase i n  ahove 
mentioned values i n  the thermal range 
herween 29OC and 34°C hut the trend 
reversed w ~ t h  fu r the r  lncrcasr  I n  
temperature hy I "C to 35°C. The galn In  
wctght considered as ultimate achirvcment 
of all thr phys~ologiral activ~ties ol a living 
orgdnlrm and ;tiso Index lor rvaluatlng the 
p h \ ~ l ~ ~ l o ~ t c d l  c f l ~ i iCn iy  was hy 319 1h 2 
3: 00' 01  lnlliai In 2OCC. W t h  ,lnC tncrrase 
In tcmperaturc lrom 29°C to 33°C the value 



I Table 4. Inltlal wcl@t, flnrl wtight, spedflc growth nu. wdght galn. food crmvmlon nt lo and 
survival+ of L. mhlta flnRcrlln~r at four different temperatures (29 4. 33 4. 34 4 61 35 Yl 

lnlllal u7 (gram5 1 I ~ h d f l l I h  I 4 0 h - ~ O l i  I~OhzO20 1 4 1 c ? O 1 -  

Final w @ram?) , 5 3 2 0 6  i l l h i 0 2 8  7 4 5 7 a b i O l  59cto26 I 

Spcclflc growth mte (wday) 1511 t o  I 1 I 1 63ab to28 1 1 91ab + 0 10 I M* t o  10 , 
wc @In % ' 519611t57;  358891bt33 \49775abt48 34793ct37/ 

I * 1 10067 , 
SunIvaIIly I --L-~~--_ l---'m 

raised up by 12.29 Y (358.89 * 33.00 %) 
and 38.69% (497.75 = 48.00%) further when 
the ambient temperature of the fishes was 
Increasrd to 34% The welght galn in fishes 
exposed to 35°C unlike increasing between 
24°C and 34°C showrd drcllnr hv 30.10% 
(34 i  r 37.00%) compared to that of 34°C. 

The anadromous species such as the lndlan 
shad illsha have a characteristic of early 
development i n  freshwater followed by 
seaward movement and again they return 
towards freshwater for spawnlng. And this 
seaward migration Is hlghlv seasonal either 
In spring or fall, at a tlmr of temperature 
change. So temperature mav be a controlling 
factor In  determlnlng the t iming o f  
develoament and mieration. In  Amertcan 

The present scenarlo of  fisheries needs a 
little mentlon to appreciate the adaptation 
issues of Inland fisheries i n  response to 
cllmate change. 

India Is a malor rnarltlrne state and an 
Important aquaculture country in the world 
with third position In nsheries and second 
In aquaculture. 

Fisheries sector has high potential for rural 
development, domestic nutritional security. 
employment genera t ion ,  gender 
mainstreamlng as well as export earnings. 

The sector has grown steadily so called the 
sunrise sector (Table 5). 

Table 5 
shad klgh saltnltv (olerance develops at 
the time of larval juvenlle metamorphosis 
(July), several months before the prak of 
d@~nStream migration (October) At the (1 - 5  ( 3  

end of the mlgrator) period ion losses occur Marlnensh 0 53 2 78 
In  laboraton reared and wi ld  fish. Llnlan dnsh 0218 1 352dl 
colncident with Increased gll l Na+. K+- 
ATPase ac t lv l t~  Ion losses are delayed In  6'oUm- DAnDsFzws' 

- 

fish malntalned at elevated temperature me cont,.,but~on to National CDP 
(summer', Indicating Ihat IS 1.04% and Its contrlbutlon to National 
tempcrature permit a longrr Vriod of Agriculture and allied activities is 5.34 % 
fresh water residence for shad. Less Is 
known ahout the impact of global wan ing  Indian share In  global fish production 1s 
on [he osmoreQulatorv function o f  4.36% with 9.92 % in inland and 2.28% In  

anadromot~s flshe;'hlorr &arch is needed 
on the salinltt tolerance and phvsioloctcal Ir provides d l w  and l n d l m  engagement 
changes that occur during rni$!ratmns In fisheries sector to14 lakh people 



Export potentlal Is 18 % o f  agricultural 
expow(50 products) 

The prolected composition o f  Rsh demand 
and supply 1s given In  Table 6 

Table 6 

P r o m  na W a n d  1 supply 

Total drmand of Flqh V R 0 0 -4 t15hrr~rq  
D@mcsr~c drmand 5 9 @I\ 

\CAP 2006: 

?bra1 supply alflsh 
Marine 
Inland 

To meet the p r o w e d  demand emphasis is 
on the expanston o f  Inland Ftsheriec in 
general wbth emphasis on Fresh water 
Aquaculture (Table 7) 

mble 7 

productlm ' pmductioa 1 
2006. (Mf) 2012.(Mf) 

Marlnr laplarr - lz I il 
i l i \ h c r ~ r s  
Mar~culrure 

Sourre ( f lshder N v  1c4R2am) 

Freshwater aquaculture has grown from a 
share of 46% in mid 1980s which increased 
to 80% in  mxn t  times. I t  is one of the fastest 
growing enterprise in agriculture. 

Success 0fAquaCUlolre s m r  has important 
implications both in terms of food security 
and as a source of income. for a growing 
number o f  people. Consequcnriy any 
potential direct or indirect effects of climate 
change need to be taken seriously. 

Aquaculture is based on approximately 75 
species of carps, catfishes. munels prawns 
and mollusc. 

Indian Malor Carp -catla . rohu.mrl~al  
t w t h n  contribute mabr share of over 2.0 
mt with exotic carps s~lver carp. grass carp 
and common carp forming the next 
important group. 

A number of technologics have contributed 
to the growth of thls sector. 

With this background lei us have a vlcw of 
the statefof importance for nsherles i n  
terms o f  adopt ion o f  aquaculture 
technologies where adaptation wotlld be 
of imponance In response to climate cliange. 

Adaptarton optfons in Inland 
Fisheries 

Enhanced warn t r m p m r ~ m  

Reduction in dissolved oxyplen, water 
quality deterioratlon. 

Enhanced primary productivlty. 

Increased growth and food convnsion. 

Increased disease incidence. I % ~ w * ~ h u r r m  
nqu#~ UIIU~T I ~ h n o l o ~ I ( . r  

Enhanced breedlng pcrlod in hatcheries (/ l i~n,cnrrnl 
. ~ ~ ~ , J , C ,  P!l/#l d Kallha, 

Exotlc species introduction 2<4l4 



Changrs in Iwl of productlon from ponds 
and i~atcheriec 
Enhanced operating cost 
Increase in capital costs due to crrating 
drcprr pond\ w ~ l h  aeration facilities 

Chanscr In rhr Rivr'rs 
Geographic shift of flshes 
Hahltat loss or gain 
rnsh hreeding alteration/ changes 
Decrease in lish and rrlated biota species 
rl(hness, alteration In speciescomposition 
lor c~lnturr li41rries 
1:xotll sprcies ~n\,asion 

Adaprarlon Options : These options can 
pr~ni,~r~l,v hc altrcted In  the cultilre system 
as cltst;~iirii 

Making changes in ferd formulations and 
I r r d ~ n <  rrginlm of fiches 
I:xploring s i~hst i tut ton hy alternate 
speclts 01 fish 
I'roviding monetary input to the changes 
I n  t ~ p e r , ~ t ~ o n a i  costs i n  ponds and 
hatcht*rics 

Hoods 
Chot!ers In culrurr fvsrrm 

Salinity changes 
Escape o f  fish stock 
Str~lcrural damage 
Introduction of disease /predators 
LOSS of fish Stock 
Damage to aquaculture facllltles 
Higher capital costs for flood resistance 
like construction ol'emhankments, etc. 

Higher insurance costs 

Chan.qcs in the R i v m  

Geographic shift o f  nshes 

Hahitat loss or gain 

Fish hreeding failure 

Decrease i n  fish and related biota species 
richnrss 

Adaprarions oprions : These options can 
only he exercised in culture systems 

Emhankments for frequent and shallow 
flood protection 

Harvesting fish at smaller size 

Giving importance to fish species that 
require shon culture pcriod and minimilm 
expense in terms of input 

Continuous supply o f  seed f rom 
hatcheries or in other words raising 
production o f  seed from hatcheries 

r n g h t  
Chan,crs in nrlrure vsrem 

Salinitychange 

water quality deterioration 

Limited water volume 

Loss o f  flsh stock 

Limited fish productlon 

Adaprarlon oprionss : 
Smaller ponds that retain water for 2-4 
months can he used lor fish production 
with appropriate species (catfish. tilapla 
etc.) and management practices. 



Smrms (coastal @on) 
Chan.ce.s in culnrrr .:j2ston 

Inundation and flooding 
Salinity changes 
Escape o f  fishiprawn stock 
Introduction of disease and predators 
LOSS of prawn/ lish stock 
Damage to facilities 
Higher insurance costs 

Adaptation options : 

Early detections systems o f  extreme 
weather events 
Communication o f  early warning system 
Accept certain degree of loss 
Dcvelopment and implementation o f  
altcrnati\,r stratesics to ovrrrome these 
periods 
Maximizing production and profits during 
soccrssful han'rst 
Suirahlr  s i te selection and  r l sk  
assessment work through GIS modelling 

Alrerarlon i n  ralqfal l  a n d  warer 
avallabillyy 

hrllltiplr use. reuse and intrgration ol' 
aq~~ar l l l t r~ re  with othrr Idrmins svstcms 
Intrnsiliration of aquacoltarr practices 
In rrsmlrcrs ol'wastrwater and drpritdrd 
watrr such as ground s;lline wiltr l  
Small ponds ( 50-100m2 ) o f  srasonal 
natllre (1-3) months ran h r  t ~ s r d  for 
rraringici~irurr of appropriatr sprctrs of 
lisltlprawn 
lncrrasing infrastructure sophlstlcation 
of harchrrirs lor assured scrd pro~tuction 
of34.000 niilllon carpfry. H&W;lndlO(KK, 
millton scamp1 and shrimp 1'1. rrcpvctlvrlv 

species richness decrease Human adaprarlon to chan,ccs In cllmarr 1 
breeding failure Negative impacts on Aquatic ctoystems 
Habitat losslgain and fisheries can b r  furthrr aerau.~ted hv 

Adapration options : human adaptatton to ch.1n~t.c. In cllmatf.. 
for adap t~ t~on  to thr incrr;~\cd drm,!n~l of i 

Extending coveragr o f  freshwater u,atrr lor trrtsation the supplv sidc optton i 
aquacult~~re areas aim, at inrrv.tstnp, supplv Incrresinq the 1 



water .wurce for irrlption is expensive and 
has potential environmental impacts.The 
d e m a n d  s ~ d r  opt ions  a im a t  reducing 
demand They include lncreaslng irrigation 
cfflctency through Improved technology and 
higher prlres for water, and changes  in 
cropptng pattern by switching to crops that 
rcqulrr less or even no irrigation For flood 
managemeot, supply side options include 
Increasing flood protect~on with levees and 
reservoir, these are  expensive a n d  have 
potential environmental imparts Demand 
side optlons Include improvement in flood 
warning systems and information and to 
curb lloodplaln development. So d varlcty 

of options are availahlc. influences on fish 
and l i shcr~rs  depend on the drlalls of such 
~ h o i i e s  'The demand s ~ d e  optlons in most 
cases would appear to he betlrr cholres lor 
those lntrrcstrd In fish and l i sher~es  

Lbclopmrntr of a u n w  strategy : 
A common framework should be created at 
the country level that can be used towards 
implementing the integrated watershed 
management strategy s taning from Gram 
Panchayat (vlliage council) to the  rlver- 
basln level in a unified manner. Integrated 
watershed management does not merely 
imply t h e  a m a l g a m a t i o n  of different 
ac t tv l t ies  t o  be under taken wirhin a 
hydrological u n ~ t  It a l so  requires the  
collectton of relevant tnformation, so as to 
evaluate the cause  a n d  effect of all  the 
proposed actlons Thls framework will need 
regular malntcnancc and updating to fully 
reflect the most accurate ground truth data 
l x a l  planning and management strategtcs 
have to he evolved and val~dated  through 
the proposed framework, so a s  to generate 
and evaluate varlous optlons sultable for 
local conditions T h ~ s  would greatly help 
Inland fisheries development In future 
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