VEOLOBGA. STUDES N FRY MO FMNGERLNGS OF
E. FRESWATER FISHES WITH SPEGAL REFERENGE, TO
=  TEMPERATURE TOLERANCE

by

H. Mohamad Kasim, m.sec.,
‘School of Biological Sciences, Madurai Umvemty

Madurai-625 021, India.

A thesis submitted to the Madurai University for the Degree of

Doctor of Philosophy

1978

L T38 I



4

CONTEN

ACKNOWLEDGMENTS

LIST OF FIGURES

LIST OF TABLES e e W . .

INTRODUCTION O

MATERIALS AND METHODS e e .
Transportation . e
Maintenance e e . .
Acclimation ° e e e

Temperature acclimation

Salinity acclimation

Experimental set—ub . e .
Experimental procedure .
I Thermal tolerance .

Exposure time e e . .
II Salinity tolerance ) .o
III Saiinity effect on thermal resistancec
Analyses of data e e e e e
a. Probit analysis . e .
. Regression analysis . e e
. Incipient lethal level . .
Zones of resistance and tolerance
C. Analysis of variance o e e e .

Lethal temperature upper

Lethal temperature lower

T

Page

X1

11
12
13
15
17
18
19

19
21
22
23

24
25

26
27
28
28
29
30



RESULTS i o e e e s . . . .
I Thermal tolerance e e e e e e s
a. Upper thermal tolerance e o & e e
i, Mrigal G e e e e e e e e e
ii. Rohu e e e e e e e e
iii. Fringe-lipped carp e e e e
iv. Common carp e e e e
v, Freshwater mullet e s e e e .
b. Lower thermal tolerance e e 4 e e e
i.'Mrigal N T R
ii. Rehu R
iii. Fringe-~lipped carp e e e e e
iv. Common carp S T
*v. Freshwater mullet e e e e
II Salinity tolerance S
i. Freshwater mullet e e e e e e e e e
ii. Other species S

II1 Salinity cffect on thermal tolerance . .

DISCUSSION [
Thermal toleranée e e e e e e e e e s e

Zones of themal tolerance and resistance

Thermal trianéles S

Relative tolerance and resistance . . .

Proportionate gain or loss in tolgrance .

Comparison of thermal tclerance e e e

Comparison of thermal resistance .o e
_ Exposure time and lethal temperatures

Mixed i1ethal effect e e e e = s e

Page

34
34

35
35
39 |
40
42
43
45
45
48
49
50

53

53
55

58

61

61

61
66
69
T4
77
80
B6
90



Salinity tolerance e e e e e e

°

Salinity tolerance of Rhinomugil corsula -

Salinity tolerance- other species

Comparison among the five species

Salinity effect on thermal resistance

GENERAL DISCUSSION AND CONCLUSIONS
SUMMARY

REFERENCES

APPENDICES

Page

94
94
97
99
100

104aa

120



ACKNOWLEDGMENT S

I am greatly indebted to Professor M.N.Kutty, who was a
- constant source of inspiration and encouragement throu-
ghout the course of this study. I am extremely grateful
to him for rendering liberal help and advice at all
times.

I am also grateful to Professor S. KrlshnaSWamy and Prof.

A.Gnanam for providing necessary facilities and advice.

I am extremely thankful for the valuable suggestions

given by Professor F.E.J.Fry. I eXpreSS‘my apprecia-

tion for the valuable suggestions extended by Dr E.T.Garside,
Dr 8.V.Job and Dr T.J.Pandian.

The Tamilnadu Fisheries Department has not only seen fit
to grant extended leave of absence to the author, but

has also supplied him the materlals for the present
study. It is a pleasure to acknowledge this support.

I gratefully acknowledge the help rendered by my collea-
gues in the preparation of this thesis.

Thanks age due to Mr K.V. Rav1ndran and Mr K.K.Hariharan
for the typlng work.

The financial support given by the U G C in the form
of Junior Research Fellowship is gratefully acknowledged.



LIST OF FIGURES

Fig.1
Diagrammatic representation of Biological
filter-cum aeration unit

Fig.2 )

Diagrammatic representation of water recircula-
ting system and holding tank used for the main-
tenance of experimental fish during holding period

Fig.3 .

Diagrammatic representation of low temperature water
bath and connected water recirculating system used
forlew temperature experiments

Fig.4 )

Times to death at different high lethaltest tempe-
ratures among mrigal fry accliﬁatedito 38°C.
Plotted on'arithmetic axes

Fig.% .

Times to death at different high lethaltest tempe-
ratures among mrigal fry acclimated to 38°C. Plotted
on probit}x-logarithmic axes. Calculated geomctric
mean resistance times (closed circles, horizontal
bars indicated one S.D) coincide with the median
resistance times (at probit 5.0)

Fig.6 _
Median resistance times to high temperatures among
mrigal fry acclimated to temperatures indicated.
Plotted on arithmetic axes

. Page

12a

120

164

35a

26a

37a



ii

Fig.7

Median resistance times to high temperatures
among mrigal fry acclimated to temperatures
indicated. Plotted on arithmetic logarithmic

axes (see text for further explanation)

Fig.8

Times to death at different high lethaltest
temperatures gmong rohu fry acclimated to 20°C.
Plotted on probit x logarithmic axes

Fig.9 4

Median resistance timgs to high temperatures among
rohu fry acclimated to temperatures indicated.
Plotted on arithmetic x logarithmic axes

Fig.10

Times %o death at different high lethaltest tem-
peratures among'fringe—lipped carp fry acclimated
to 300C. Plotted on probit x logarithmic axes

Fig.11

Median resistance times to high temperatures among
fringe-lipped carp fry acclimated to temperatures
indicated. Plotted on arithmetic x logarithmic axes

Fig.12

Times to death at different high lethaltest tempe-
ratures among'common carp fry acclimated to 25°C.

~ Plobted on probit x logarithmic axes

Page

37T

392

39¢

40a

41b

A2a



iii

Fig.13 7 ]

Median resistance times to high temperatures among
common carp fry acclimated to temperatures indica-
ted. Plotted on arithmetic x logarithmic axes

Fig.14

Times to death at different high lethal test tempe-
ratures among freshwater mullet fingerlings accli-
mated to 30°C. Plotted on probit x lOgarithmic.?xes

Fig.15 .
Median resistance times to high temperatures among
freshwater mullet fingerlings acclimated to tempe-

ratures indicated. Plotted on arithmetic x logarith-

mic axes

Fig.16
Times to death at various low lethal test tempera~

tures among mrigal fry acclimated to 38°C. Plotted
on probit x logarithmic axes

Fig.17

Median resistance times to low temperatures among
mrigal fry acclimated to temperatures indicated.
Plotted on arithmetic axes (see also text for fur-
ther explanation) '

Fig.18

Median resistance times to low temperatures among
mfigal fry acclimated to temperatures indicated.
Plotted on arithmetic x logarithmic axes (see text
for further explanation)

Page

42¢

43b

44b

45a

46b

4'7a

T I T R




Fig.19

Times to death at various low Iethaltest tempera-~
tures among rohu fry acclimated to 200°C. Plotted
on probit x logarithmic axes

Fig.20
Median resistance times to low temperatures among
rohu fry acclimated to temperatures indicated.

Fig.21

Median resistance times to low temperatures among
rohu fry acclimated to temperatures indicated.
Plotted on arithmetic x logarithmic axes

Fig.22

Times to death at various low lethaltest tempera-
tures among fringe-lipped carp fry acclimated to
35°C. Plotted on probit x logarithmic axes

Fig.23 -

Median resistance times to low temperatures among
fringe-lipped carp fry acclimated to temperatures
indicated. Plotted on arithmetic axes

Fig.24
Median resistance times to low temperatures among
fringe-lipped carp fry acclimated to temperatures

1ndlcated Plotted on arithmetic X logarithmic axes

Fig.25

Times to death at various lowlethaltest temperatures

among common carp fry acclimated to 30°C. Plotted
on probit x logarithmic axes

Page

48a

48c

484

49a

50b

50c



Fig.26

Median resistance times to low temperatures among
common carp fry acclimated to temperatures indica-
ted. Plotted on arithmetic axes

Fig,27

Median resistance times to low temperatures among
éommon carp fry acclimated to temperatures indica-
ted. Plotted on arithmetic x logarithmic axes

Fig.28

Times to death at various low lethaltest tempera-
tures ‘among freshwater mullet fingerlings accli-
mated to 15°C., Plotted on probit x.logarithmic axes

Fig.29

Median resistance times to variocus low temperatures
among freshwater mullet fingerlings acclimated to
temperatures indicated. Plotted on arithmetic axes

Fig.30

Median resistance times to various low temperatures-
among freshwater mullet fingerlings acclimated to
temperatures indicated. Pkotted on arithmetic x

logarithmic axes

Fig.31

Times to death in various lethal salinities at 35°C
anong freshwater mullet fingerlings acclimated to
28°C, Plotted on probit x logarithmic axes

Fig.32

Median resistance times to0 various lethal salinities

at test temperatures indicated among freshwater mullet

acclimated to ambient temperature 28°C, Plotted omn
arithmetic x logarithmic axes (see text for expla-
nation) i

Page:

51b

51c

52a

53a

53b

53¢

54%b



Fig.33

Times to death in different sglinities .among fringe-
lipped carp fry acclimated to fresh and salt water
(5 °/o(8) at ambient temperature 30°C. Plotted on
probit x logarithmic axes, pumbers necar curves indi-
cate respective test salinities

Fig.24
Median resistance times to different lethal salini-

ties among the species indicated at ambient tempera-

tures 30°C. Plotted on arithmetic X logarithmic axes.

F.W. fresh water acclimation

Fig.35

Times to death in fresh and different salt water
media at lethaltest temperature %7°C among fresh-
water mullet fingerlings acclimated to 20°C.
Plotted on probit x logarithmic axes

Fig.36

Medisn resistance times to lethaltest temperature
=370C¢ in fresh and salt water media among freshwater
mullet fingerlings acclimated to 20°C, Plotted omn
arithmetic axes

Fig.37

Median resistance times to lethaltest temperature
3900 in fresh and salt water media L samong freshwater
mullet acclimated to 250°C, Plotted on arithmetic

axes

Page

56a -

572

58a

59a

59b



vii

Fig.58

ﬂedlan resistance times to different high lethal
temperatures in different salinities among the fresh-
fwater mullet acclimated to 30°C. Plotted on arith-
metlc axes

?ige39

?edian resistance times to different lethaltest tem-
%eratures in various salinities among freshwater
mullet fingerlings acclimated to 30 and 35°C. Plotted
%n arithmetic x logarithmic axes

Fig.40 L

ﬁealan regsistance times to varlous‘lethaltest tempe -
ratures indicated in dlfferent sallnltles among
freshwater mullet accllmoted to 30 and 35°C. Plotted
on arithmetic x logarithmic axes ‘

Fig.41
%ones of thermal tolerance and résistance for

nrlgal fry in fresh water (see text for further
=xplanat10n,

a1g 42
:ones of thermal tolerance and*r681stance for rohu
f;cy in fresh water

g.43

ones of thermal tolerance and resistance for fringe-
dpped carp fry in fresh water

Page

59¢

602

60b

62a

62b

62c



viii
Page

Fig.44
Zones of thermal tolerance and resistance for

common carp fry in fresh water 624

Fig.45
Zones of thermal tolerance and resistance for

freshwater mullet fingerlings in freshwater 62e

Fig.46

Upper and lower thermal tolerance triangles for

mrigal in fresh water (see text for further 67a
explanation)

Fig.47 L
Upper and lower thermal tolerance*ﬁfianglps for

rohu in fresh water *: 5 6Tb

. #
% E ]
Fig.48 A
Upper and lower thermal tolerance triangles for ¢
Tc

fringe-lipped carp in fresh water he .

Fig.49 ,
Upper and lower thermal tolerance triangles for

-

freshwater mullet in fresh water 674

Fig.50

Comparative median resistance times to high tempe-
ratures among the fishes acclimated to 25 and 30°C. 82b
Plotted on arithmetic x logarithmic axes



ix

Fig.s51 ,

- Comparative median resistance times to low lethal
temperatures among the species shown, acclimgteq

to 25 ang 30°C. Plotteqd On arithmetic x logarithmic
axes

Fig.52

on probit x logarithmic axes

Fig.53
Times to death at varioug high lethaltest tempera-

Times to death}at various low lethaltest temperaty-

res among fringe—lipped Carp fry ecclimateg to 250(,
Plotted on Probit x logarithmie axes

Page

85a

88z

89a

89

89¢c

92a



e 57

Times to death at various low lethaltest tempera-
tures among fringe-lipped carp’fny acclimated to
30°C. Plotted on probit x logarithmic axes

Fig.58 ‘

Times to death at 37 and 39°C in fresh and salt
water media indicated among freshwater mullet
acclimated to 25 and 35°“. Plotted on probit x
logarithmic axes

Fig.59

Estimation of relative mortality of freshwater
mullet in different salinity and temperature com-
binations, based on the data of salinity tole-
rance and salinity effect on thermal fesistance

Page

92b

93a

LY

o
x



xi

LIST OF TABIES
Page
Mable I
Details of sdze, source of collection and types of
experiments done on the various species of fishes
used in the study. The size indicated are mean + 10a
one Standard Deviation (SD). The number of fish
used are given within brackets. Individual fish
lengths and weight are given in Appendlx from Aat
to Cel13 in raw data

Table IT
Physico-chemical content of Madurai University tap 135
water used for the experiments in the present study

Table III

Different salinity and temperature combinations

employed for salinity tolerance study among the
fingerlings ef R. corsula. Places (x) marks indi- = 251
cate the specific salinity temperature combinations

in which tests have been made

Table IV

Different combinations >f lethal temperature and

salinity employed for the assessment of salinity

effect on thermal resistance among K. corsula. . 26a
Places (x) marks indicate the spe01f10 lethal tempe-
rature and sallnlty combinations: in whlch tests have

been made

Table V
Median resistance times to high lethhl temperatures
of mrigal (Cirrhinus mrigala) fry acclimated to %6b

various temperatures



Xii

Formulae for the regression lines describing the
thermal resistance of C. Drigala acclimateq and

testeq %o various temperatures, (x is the tempe -~

rature in degree C; ¥ is log time in minutes)

Table VII

mated to variousg temperatures, Estimates have bveen
made from the resistance times'and from temperatyu-~

€S causing no mortality for €xposure of 10,000
minutes, based on the raw datg bresented in
Appendices, by the method of Miller ang Tainter

(1944)

Table VIIT

Median fesistance times to high lethgl tempera-
tures of rohu, (Labeo rohita) fry acclimated to
Various tenperatures T

Table IX
Formulae fopr the r'egression lines describing the
thermal resistance ef L. rohits acclimated ang

tested to various temperatures (x ‘is the tempera-

ture in °C; ¥ is the log time in ﬁ&nutes)

Table X

Median resistance timeg to high lethal temperatu-

res of fringe-lipped carp (Labeo fimbriatug) fry
acclimated 4o various temperatures

Page

384,

38b

39b

41a



xiii

Table XI
Formulae for the regression lines describing the
thermal resistapce of L. fimbriatus acclimated and

tested ®q varidus temperatures (x 1is the tempera-
ture in °C; y is the log time in minutes)

Table XII
Median resistance times to high lethal temperatu-
res of common carp (Cyprinus carpio) var communis)

fry acclimated to various temperatures

Table XIII

Formulae for the regression lines describing the
thermal resistance of C. carpio acclimated and
tested to various temperatures (x is the tempera-
ture in °C; y is the log time -in minutes)

Table XIV
Median resistance times to high lethal temperatu-
res of freshwater mullet (Rhinomugil corsula)

fingerlings acclimated to various temperatures

Table XV

Formulae for the regression lines describing the
thermal resistance of R, corsula acclimated and
tested to various temperatures (x ¥is the tempe-
rature in °C; y is the log time in minutes)

Table XVI

Median resistance times to low lethal temperatu-
res of mrigal, (Cirrhinus mrigala) fry acclimated
to different temperatures |

- Page

41c

42b

432

44a

44c

462



Xiv

Page

Table XVII

Lower _incipient lethal temperatures of young

(fry) carps and fingerlings of freshwater mullet
acclimated to varioué temperatures. Estimates

have been made from the resistance times and from 47ob
temperatures causing no mortality for exposures

of 10,000 min.,based on the raw data presented

in Appendices, by the method of Miller and Tainter

(1944)

Table XVIIT

Medlan resistance times to low lethal tempera-

tures of rohu (Labeo rohita) fry acclimated to 48b
different temperatures

Table XIX

Median resistance times to low lethal tempera-

tures of fringe- -lipped carp, (Labeo fimbriatus) 49b
fry acclimated to different temperatures |

Table XX
Median resistance times to low lethal temperatu-
res of commen carp (Cyprinus carpio) fry acclimg- 51a

ted to different temperatures

Table XXI

Median resistance times to low lethal temperatures

of freshwater mullet, (Rhinomugil corsula) finger- 52b
lings acclimated to different temperatures

Table XXII

Median resistance times to death among fingerlings

of R. corsula acclimated to freshwater at 28°C+1°C 54a
and exposed to different salinities and temperatures

.



Xxv

. Page
$

Table XXITI ° R

Formulae for the regression lines'describing the

salinity resistance of R. corsula tested to diffe. 554

remt salinities and temperatures., (x  is the
Salinity in barts pér thousand ; ¥y 1is the log time
in minutes)

4

Table XXIV ]

Uppex incipient lethai salinity with + one SD for
finderlings 6f§f;esh%é§er mullet, R. corsula accli-

mated to fresé waﬁég at 28°C" + 1°C and exposed to 55D
various lethal*salinities at different temperatures

Median resistance times to death among fry of carps
and T, ZoSsagbica.acclimated to freshwater at 30°C +
1°C and testeq to various salinities at 30°C + qo¢,

56b
Data on R. corsuls taken from Table 3XI

Table XXVa

Formulae for the regression lines describing the
salinity resistance of C. mrigala, L. fimbriatus,
C. carpio and T, mossambica tested to various 57b
Salinity concentrations at 30 + 1°C; (x is the
salinity in parts per thousand ; ¥ 1s the log time

in minutes)

=

Table XXVI
Median resistance times to death among fingerlings
of freshwater mullet R. corsula acclimateg and 58b

tested at different lethal temperature and salinity
concentrations



&

xXvi

Tahle*XXVIT ' o j
?ormulae’for‘the regre°31on Yines descxlblng the
thermal reséstance ab different salinities- of

R. corsu;g,accllmated to, 30 and 35°C (x is the
tempgrature in °C; ay is the log time in minutes)

Table XXVIII L y
4ones of ‘thermal resistance, tolerance and trian-

F gles*for dﬁrngand ﬁreshwater mullet; the diffe-

genae (excess afea) in thermal triangles due to
truneatloﬁ (see text) in zones of tolerance is
also glven (al; units jn og? )

& 5 ¥

PTable XXIX

Upper and lower ultimate lethal temperatures deri-
ved from the thertal tolerance polygons among

the five species Investigated

Table XXX . ) _

Upper and lower relative thermal tolerance and resis-
tance (in %) for the five species presently studied
and the upper and lower relative thermal tolerance
(in %) for a tropic, a subtropic and six temperate
species (see text for further explanation)

Table XXXT' | :

Proportionate gaiﬁ.or loss in tolerance per degree
centigrade raise in acclimation temperature_among
the four species of carp fry and fingerlings of
freshwater mullet acclimated and tested to wvarious
temperatures |

Page

60c

64a

65a

70a

T5a



xvii

&

Table xxxn : R

Results from analyels of variance of 1nC1pient
lethal temperatures of different acclimation
for the five species

%

Table XXXTIII

Comparison between each spe01es of carps and
freshwater mullet acclimated and tested to various
temperatures.” This constitutes the breakdown of

. Bignificant différence in upper incipient lethal
temperatﬁres'between species to single degree of
freedom and a‘comparison for significance with.
the error term, 0.106 with 16 degrees of freedom
‘recorded in Table XXXII ]

Table XXXIV 5 : 3
Comparison between each species of carps and fresh-
water mullet for lower incipient lethal temperatures
This constitutes the results of the treatment as
shown in Table XXXIII with comparison with error
term, 0.337 with 12 degrees of freedom recorded in
Table XXXII ¥

Table XXXV :

Results from analysis of variance of resistance
times (logarithm#) to various high temperatures
‘among carps and freshwater mullet acclimated to
different'temperatures

Page

T8a

78b

60

82a



xviii

Table XXXVI

Results from analysis of variance of resistance
times (logarithms) for carps and freshwateg mullet
acclimated to 25, 30 anmd 35°C and tested at 39.5
and 39.0°C '

Table XXXVII }
Results from amalysis of variance of re31stqnce
times (logarithms) to various lethal test tEmpe—
ratures at different acclimations for four species

of carps and freshwater mullet )
¥

Table XXXVIII

Comparison between each .species of carps and fresh-
water mullet acclimated to 25°C and subjected to

various lethal test temperatures from 38.5 to 39.5°C.

This constitutes a breakdown of the significant dif-
ference between species to single degree of freedom
and a comparison for significance with the error *
term 1.021, with 8 degrees of freedom, recarded in

Table XXXV

Table XXXVIIIa .

Comparison between each species of carps and fresh-
water mullet acclimated to 25°C and subjected to
various high lethal temperatures. This constitute

a breakdown of the significant difference between
species to single degree of freedom and a comparison
forssignificance with the error term 1.021 with 8
degrees of freedom recorded in Table XXXV

Page

82b

83a

84a

84b



xix

Page

Table XXXIX

Comparison between each species of carps and fresh-

water mullet acclimated to 30°C and subjected to

various lethal test temperatures from 39 to 41°C,

This constitutes a breakdown of the significant 84c
difference between species to single degree of

freedom and’'a comparison for significance with the

error term 7.23%56 with 16 degrees of freedom recorded

in Table XXXV '

Table XXXIXa

Comparison between each species of carps and fresh-

water mullet acclimated to 30°C and subjected to

various high lethal temperatures. <This constitutes

a breakdown of the significant difference between 84d
species to single degree of freedom and a comparison

for significance with the error term 7.2356 with 16
degrees of freedom recorded in Table XXXV

Table XL ,

Comnarison between each species of carps and fresh-

water mullet acclimated to 35°C and subjected to

various lethal test temperatures from 39.5 to 42°C.

This constitutes a breakdown of the significant dif- 84e
ference betwecn species to sipgle degree of freedom

and a comparison for significance with the error term

9.21 with 16 degrees of freedom recorded in

Table XXXV S



XX

Page

Table XLa :

Comparisgn between each species of carps and e
freshwater mullet acclimated to 35°C and subjec-

ted to vawious high lethal temperatures.” This

constitutes a breakdown of the significanf diffe- 841
rence hetween species to single degree of freedom

and a comparison for significance with the error

term 9.21 with 16 degrees of freedom recorded in

Table XXXV

Table XLI

Results from analysis of variance of resistance

times (logarithms) for freshwater mullet acclima- o5a
ted to 28 + 1°C and tested at various salinities

and temperatures - .

Table XLII

Results from analysis of variance of resistance
times (logarithms) for freshwater mullet acclima-’ 104a
ted to 35°C and tested at different salinities

and temperatures ’



Introduction & N

Studies on survival of fish fry and fingerlings o; the

ma jor cultivated freshwater species arf important espe-

cially in view of the present stress oh.developmgnt of
» aquaculiure throughout_the world (Hickling, 19715 Earéach
| et al., 1972; Jhingran, 1975). This is specielly so for
India and other countries where certain developments in
this%direction have already beén taken place such as the
technology concerned wi%h composifw‘ffsh culture (Jhinggan;
1975). In this context information on the influence of
ecological factors such as temperagug;, salinity ang QK&gSh
on the survival of t%e fry énd fingerlings isla mijon

. N s s . *
necessity. Such studtes on Ingian fishes are meagre and

Ed



it is well known that mortality of fishes in the younger

stages is a serious impediment in advancing fish culture.

There is also an additional importance for studying thermal
requirements of fish and other aquatic organisms which inhabit
especially the everchanging environmenf affected' in many
cases by thermal pollution owing to the ing¢reasing number
of thermal plants. Precise knowledée of the thermal requi-
rements of the economically important fishes is needed spe-
cially for recommending conservation measures. With these
points on aquaculture €nd environment‘in view, the present
study emphasizing thermal tolerance of fry and fingerlings
of some important fishes of the'region.was taken up.

¥
This investigation includes studies on two Irdian ma jor

carps 'mrigal', Cirrhinus mrigala (Hamilton) and 'rohu',

Labeo rohita (Hamilton), the fringe—liiped carp, Labeo

fimbriatus (Bloch), the common carp, Cyprinus carpio (var-
Linnaeus)

communis, Bangkok strain,. the freshwater mullet, Rhinomugil

_——_%%——— :

corsula (Hamilton) and the cichlid fish, Tilapia mossambica
, &> T
Peters. The former four species (only a few trials have

been made with L. fimbriatus) are usually included in com<

posite fish culture in India and the latter two are also
A

important in fish production inm this country.



There is no information on the thermal tolerance on mrigal,
rohu and fringe-iipped carp. But some literature is avai-
lable on certain aspects of thermal requirememts of common

, Pitt et al., 1956;
carp, Cyprinus carpio and Tilapia mossambica (BTack, 1952;/

Allanson and Noble, 1964; Kutty and Myrugapoopathy, 1969;
Anahthakrishnan and Kutty, 1974). Thermal reéuirements of
freshwater mullet to swim at specific gpeeds (temperatures
causing swimming inhibition) have been studied by Kutty

and Sukumaran, §1975); whereas thermal tolerance of this
species has not been investigated so far. The present

study will throw light on these aspects of thermal adapta-
tion. Besides some aspects of salinity adaptations‘of these
fishes have alsc been studied.

The objectives of the present study are to estimate the
upper and lower lethal temperatures ang to describe and
compare the thermal resistance and tolerance of the selec-
ted species ;nd'also to study the effect of salinity on sur-
vivagy of the five species and the interaction of salinity
with lethal temperature in one species.

Much of the literature available on the temperature tole-
rance of poikilgtherms are based on studies on fishes

(Gibson, 1954; Arai et al., 1963; Tyler, 1966; Strawn ard



Dunn, 1967; Charlon, 1968; Garside and Jordan, f968; Brett
1944, 1952, 1970; Charlon et al., 1970; ¥Fry et al., 1942,
1946, 1971; Coutant, 1970; Brown and Feldmeth, 1971; Cairns,
1972; Fahmy, 1572, 1973, Garside axclél}fég‘,m1 972; Becker,
1973; Ihssen, 1973; Holland et al., 1974; Feldmeth et al.,
1974; Avanthakrishnan and Kutty, 1974, 1976; Ananthakrishnan
and Srinivasan, 1975; Otto and Ricé, 1977). As early as

in 1895 Regnard pointed out the ability of fish to survive
in temperatures very close to freezing point of water.
Maurel and Lagriffe (1399) studied both upper and lower levels
of temperature tolerance in freshwater fish and commented

on their better adaptability to low temperature than to

high temperature.

Barly workers measured the lethal temperature of fishes by
heating or cooling the test medium at‘a constant rate
(Huntsman and Sparks, 1924). This method was supplanted by
the precisetmethod of abrupt transfer to a series of preset
temgeratures from which vercentage mortality and rate of
dying could be obtained (Loeb and Wasteneys, 1912; Hathaway,
1924 ; Sumner and Doudoroff, 1938). The latter method was
employed because it clearly demonstrates the effect of the
thermal history (i.e., temperature acclimation) of fish

(Fry et al., 1942). Though a great deal of work has been



executed without adequate regard for the corditioning
effects of temperature, i.e., acclimation, mény workers have
contributed to the knowledge on temperature relations with
due attention to this_phenomenon (Binet and Morris, 1934;
Sumner and Doudoroff, 1938; Heilbrunn, 1943). Subseguent
studies on thermal tolerance clearly indicate that the
influence of acclimation temperature is greater on thermal
response than any other factors like salinity, photoperiod,

endocrine activity, season, diet and Ssize.

Further investigationswby Fry et al., (1942) on systematic
relationship between acclimation temperature, lethal tem-
perature and expesure time enabled Fry (1946) to define

a zone of thermal tolerance. This zone is bounded by upper
and lower lethal temperatures within which the épecies con-
cerned could be expected to survive the primary influence
of the extreme tenperatures i.e., biokinetic range. In
addition to éhis McErlean et al., (1969) have proposed the
thermal triangle which could be expected to give the ares
of upper thermal tolerance independently from the zone of
thermal tolerance. Thus the Study on thermal tolerance has
progressively evolved from a measure of single value to a
series of sequential response figures and then to an area

of tolerance.



These temperature limits are often characteristic of the
Species and are genetically controlled, with minor varia-
tions among the individuals or populations of the species
i.e., sexes, different life hisfory stages, with different
physiological status and geographical distributional dif-
ferences (Fry, 1957). Aside from these small variations
it is possible to divide fishes roughly into two groups:
those which are restricted to a narrow range of tempera-
ture i.e., 'stenothermic' animals, and those which tolerate
a wide range of temperature changes i.e., 'eurythermic'.
As would be expected there are. intergrades between these

two groups (Brett, 1970).

Perhaps next to temperature, salinity of water is a factor
of great importance. It is obvious that these #wo environ-
mental factors, temperature and salinity are inseparably
interdependent that the pPhysiology of most aquatic orga-
nisms, especially those from brackish-water enviromment,
is a functional outcome of the differential interaction

of these two. Added to this, distribution and orientation
of most aquatic animals are determined and restricted by
these two factors (Hora, 1934.; Raj, 1954; Bapat, 1970;
Vernberg and Vernberg, 1971)f Animals which occupy the
everchanging enviromments like estuaries amnd those which

migrate from freshwater to sea or vice-versa should possess



ar intricate mechanism of rhysiological adjustments in res..
Ponse to the changing salinity and temperature. The aspect
of salinity tolerance at different temperatures forms the

basic requisite for the undersfanding of the complex osmo-

regulatory mechanism.

Studies on salinity tolerance and adaptation have been car-
ried out since as early as 1920 to date. Salinity tolerance,
acclimation and effect or various aspects, such as growth,
developﬁent, metabolism and iono—osmoregulation in fishes
have been studieg by several workers (Armitage and Olund,
1962; Potts and Parry, 1964; Potts and EBvans, 1967; Nelson,
1968; Rao, 1969, 1971; Parvatheswararao, 1970; Prosser et al.,
1970; Feldmeth and Waggoner, 1972; Mackay, 1974 ; Ahokas and

Duerr9 1975 and others).

In the present study on salinity tolerance at different
temperatureshhas been carried out on freshwater mullet and
in the case of mrigal, fringe-lipped carp, common carp and

Tilapig mossambica the same study has been carried at ambient

temperature (300 + 19C) alone., The genetically controlleqd
tolerance to different salinities is very narrow in some
Species and very wide in Some other species. Thig range

of plasticity could be altered by non-genetic adaptations



i.e., by acclimation to different factors (Black, 1962;

Parvatheswararao, 1970; Frosser and Brown, 1965).

Salinity and temperature interactions on fishes have been4
investigated by many workers (Gibson, 1954; Blaxter, 1960;
Blaxter and Holiday, 1963; Craigie; 1963; Brown, 1960;
Lewis, 1966; Schlieper et al., 1952; Arai et al., 1963;
Morris, 1960; Strawn and Dunn, 1967; Alabaster, 1967;
Forrester and Alderdice, 1966; Garside and Jordan, 1968;
Chin-Yun
Garside and/Kee, 1972). A review of these literature indi-
cates that several studies héve been made on larval, post-

larval and adult form of fishes with different combination

levels of salinity and temperature and specific influence

2+ 2+)

of certain cations (Mg and Ca The response exhibited .
by the fish are multiple and complex. There are indeed
several unsolved questions in this specific field of

ecophysiology.

In the present study the freshwater mullet R. corsula was
used to assess the displacement of resistamnce to lethal
tempefature at various concentrations of salinity from
different acclimation levels. This work is expected to
explain the multiple response of this species, which is
apparently a brackish-water species capable of survivaland
reproduction in fresh water (Pakrasi and Alikunhi, 1952;
Narayanan, 1974) to various salinity and temperature

levels.



Materials and Methods

Fishes used for the present study are :; 1. Cirrhinus
mrigala (Hamilton), an Indian major carp known as 'Mrigal!

2. Labeo rohita (Hamilton), another major carp known as

'Rohu', 3. Labeo fimbriatus (Bloch), known also as 'Fringe-

lipped carp', a Species commonly present in South Indian

rivers, 4. Cyprinus carpio (wvar) communis, the common

carp (Bangkok strain) Linnaeus, cultured widely all. over

the world, 5. Rhinomugil corsula (Hamilton), the fresh..

water mullet and 6. Tilapia mossambics Peters, a cichlid

fish introduced in India over two decades ago (Panikkar
and Tambi, 1954). In the case of carpgy only f}y vere

used. The fry of carps were procured from the Induced
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Spawning Centre of Tamil Nadu Fisheries Department at
Vaigai Dam located 30 miles Northwes<t of Madurai. The
fingerlings of R. dorsulg were caught from Vaigai Reservoir

itself and the hatchlings of T. mossambica were obtained

from the mouth of parent fish collected from Avaniapuram
pond which is located 10 miles Soﬁth of Madurai. The
details of size, weight source of collection typés of expe-
riments done on.varioué speci&s of fish and the periods of
experiments are given in Table I. It can be noted in

Table I that the freshwater mullet tested are much larger
in size tﬁén the others. While the carps fry could be obtai-
ned from the Induced Breeding Centre, it was difficult to
procure the sméller (fry) size of mullet from the reser-
Voir because the 'natural breeding' takes place in the

upper reaches of the river and the young ones descend to

the reservoir only when they are over 4 cm (Narayanan, 1974).
Eventhough some tests have been made, 'Induced Breeding'
technique to produce the young ones of freshwater mullet

has so far not been successful and an in vivo method for
monitoring gonadial maturity was, however successfully

worked out (Kasim, 1974).

As indicated in Int;oducﬁion and glso in Table I three

separate series of experiments were made:
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Table I

Details of size, source of collection and types of experiments
size indicated are mean + one Standard Deviation (8D). The
1e.gths and weight are given in Appendix from Aal to Cel3 in

Weight Size (cm)

. Species and 3

No. Common Name (mg) mean + one 3D
mean + one (SD) Fry/Fingerlin
+

1 Cirrhinus mrigala TT 685.80 & 162.24 4,30 + 0.31 (4
Indlan ma jor carp + iy -
'Mrigal® ST 15.97 = - 4.09 1.26 - 0.09 (

#  Labeo rohita TT 628,97 ¥ 457.13 3.79 £ 0.86 (4
Indian major
carp 'Rohu’ .

3 Labeo fimbriatus : oo o7 F oA ag s
'Fringe"lipped' T.E 331593 : 2\)9.36 2'”/ : 0604 \5
sarp ST 41.Y6 - 15,98 1.76 - 0,19 (

4  Cyprinus,carpio TT 225.20 ¥ 116,58 2.55 £ 0,40 (4
"Common carp' +
(Bangkoks strain) ST 109.43 %t 36.15 2,24 T 0,22 (.

5 Rhinomugil corsuls IT 7211.47

I 4230.52  9.46 ¥ 1,85 (5
‘Froshwater mullet' ST 2395.25 T 1225.73  6.77 ¥ 1.11 (
SETT 6825.12 £ 4609.93 9.35 £ 2,20 (3

6 f‘l Lk .
l1lapia mossambica ST 7 58 T 1.06 0.77 * 0.07 (¢

'Tilapia’

IT:Temperaturature tolerance; ST=Salinity tolerance;
ShTT=Salinity effect on thermal tolerance.




Table T

thwe Laouie various species of fishes used in the study. The

mumber of fish used are given within brackets. Individual fish
raw data

Source of Experiments

Collectign done Period of Study

©

. Therml tolerance December 1976,

Salinity tolerance fg??ary anmd February

Induced Spawning
centre, Dept. of

Fisheries, Tamil-
nadu, Vaigai dam

o3

September 1975, Sept.
" " a. Thermal tolerance . October, November and
» December 1976

October, November and
December 19767 Jan.
b. Salinity tolerance ang February 1977

" " a. Therml tolerance

" " ‘ _ Aug, Sept. 1974
a. Thermal tolerance * Jan, Sept, and Oct.

o 1975; July, Aug,
b. Salinity tolerances Sept, Oct, 1976,

January and Feb. 1977

Vaigai reservoir a. Thermal tolerance Oct, Nov. 1975;

. . L. - Jan, Feb, Mar, May,
Vaigai dam b. Salinity tolerangg Jure, Sept. Oot. 1976

¢. Salinity effect on Jan, Feb, 1977
thermal resistance »

Avaniyapuram a. Salinity tolerance November 1975;

, April, May 1976;
pond, Madurai Feb, March, April,1977
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Thermal tolerance

-

This study has been carried out in five species; of which
four are carp, mrigal, rohu, fringe-lipped carp and common

cafp and the fifth one is freshwater mulletl

IT Salinity tolerance

Experiments on salinity tolerance have been done on five
species. Three of them are carpg, mrigal, fringemlibﬁ%d
carp and common cgrp and the other two are freshwater

mullet and the cichlid fish, Tilapia mossambica.

IIT Salinity effect on thermal resistance

This work has been done only in the freshwater mullet.

Details of transportation, maintenance, acclimation and

lethal baths are given under respective headings hereunder.

Transportation

s
X,

§Approximately 2000 fry of cérp or 25 fingerlings of mullet
were introduced into a polythene bag, half-filled with

water and kept inside a square tin carrier (size 1.5'x1'x1"),
The polythene bags were filled with oxygen to compensate

for the loss of oxygen in the médium due tp high respira-

tory rate of the fish consequent to handling(Brett, 1964 ;
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Fry, 1971). The percentage of mortality during transit was
almost nil in the case of carps and it was observed that
there was considerable level of mortality among mullet.
This mortality among the mullet was apparently caused more
by the handling effect due to cast netting than due to

transportation.

Maintenance

The fish were stocked separately species-wise in 1500 1it.
plastic collapsible tanks outside the laboratory. The
stock‘tanks were well aerated to maintain the oxygen con-
tent near air saturation by passing conpressed air through
air diffuser made out of coral stones. Thousand to 3000
carp fry or 250 to 500 fingerlings of freshwater mullet were
kept in each tank and the water in the holding tanks was
recirculated by a pump through an overhead reservoir which
has a 'Biological filtering-unit' (Fig.1) (Kutty et al.,
1977). A constaht water level was maintained in the upper
reservoir (Tank 1) by using an electronic relay which pumps
up water from a lower reservoir (Tank 2) (Fig.2). The pump
was operated by an electronic water level comtrol device

(Electric Control Equipment Company, Madurai).



Fig.1 ’ §

Diagrammatic representation of Biological
filter-cum aeration unit
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Fig.2

Diagrammatic representation of water recirculating
system and holding tank used for the maintenance

of experimental fish during holding period
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During holding period the fish were fed onge in a day with

a formulated éiet prepared out of wheat heart (Rava), ground-
nut o0il cake and boiled egg yolk in the ratio of 1:1:0.25.
This formulated fish meal was fournd to be suitable for carps
and mullet. The fish were kept in the holding ftanks for not
less than 15 days prior to their transfer to acclimation
tanks. Temperature was not controlled in the holding tanks
and the fluctuation was recorded to be + 1.0°C from ambient

level.

Acclimation

The physico-chemical properties of the University tap water
in which the fish were acclimated are presented in Table II.
Fry of carps and fingerlings of mullet were transferred from
holding tanks to 75 lit. acclimation glass tanks, each tank
holding about 100 fry of carps or 20 fingerlings of mullek.
The water in the acclimation tank was stagnant when the
acclimation was carried out at high temperatures, but the
system was constantly aerated to maintain the dissolved
oxygen concentration near air saturation. However, the
water in the acclimation tanks was recirculated as explained
under 'méinten@nce' at low temperatures. The acclimation
water was ch;%ged by addition of fresh water on alternate

days. ©Since accumulation of ammonia excreted by the fish




Table II

Phys;co—chemical content of Madurai University tap water

used for the experiments ih the'prqgent study

Temperature

Dissolved oxygen

Dissolved carbon dioxide

pH .
Conductivity (irxpMHOS/cm at 30°C)
Totaléhardness ' .

Alkaljnity Total (in téerms of 03003)
Alkalinity phenolphthalein
Chlorides

Flurides

Nitrites

Phosphateé

Silicate

30°C

6
2.86
7.7

425
2%6
200
30
15.2
0.004
0.04
0.013
4.00

mg/1
mg/1

mg/1
mg/1
mg/1
mg/1
mg/1"
ng/1l
mg?l

Source: Unpublished data - Anandavalli,M. Department
of Environmental Sciences, Madurai University,

Madurai 625 021
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5
in ambient water is toxic to fishes (Black, 1957; Kawamoto,
1961; Lloyd, 1961; and Burrows, 1964), a biological filter
(Saeki, 1958; Kutty, 1966) as the’qne described by Kutty

et al., (1977) w%séﬁept inside each acclimatign tank to
remove suspended particuléte material; and ammonia in the

ambient water.

The biological filtering unit (Fig.1) was made up of two
cyelindrical‘acryl}c plastic tubes open at both ends. The
small inner tube (2.5 cm in diameter and 30 cm in length)
was attached by 3 acrylic plastic strut insid®& the large
cylinder (7.5 cm igrdiameter and 32 cm in length). The
upper opening of the inner tube was about 2 cm lower th;n
that of the outer big cylinder. The whole unit stood on
three plastic legs on the floor of the aquarium. The space
between the inner and outer tubes was filled with gravel
and the #water level in the aquarium was maintained at a
level slightly lower than the upper énd of the innér tube.
An ajir diffuser stone was kept inside the inner‘tube near
ifs base. VWgter was air lifted by vigorous bubbling and
thé upward displacement of air andifgé water spil}ed over
into the outer tybeaand was filltered while flowing d%wn the
gravel bed. It is known thaf such gravel filters in due

course develop ammonia fixing bacteria which can remove
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the excreted ammonia from the water (Saeki, 1958; Kutty,
1968). Kutty, Narayanan and Sukumaran (1977) have shown
that the filters used were efficient in removing ammonia

in water.

The photoperiod was not controlled; the fish were exposed
to matural day light normally, but occasionally the night

lights were on for a few extra hours.

The feeding schedule during the acclimation period was the

same as it was for the fishes in the stock tanks.

Temperature acclimation

The fry and fingerlings were acclimated to 15, 20, 25, 30,
35 and 338°C for thermal tolerance studies. The highest
acclimation level for common carp and freshwater mullet

was 35°C and for others it was 38°C. TFor salinity tole-
rance studies the temperature was not controlled in the
acclimation tank for all the five species and the tempe-
rature variation was recorded to be + 1°C from the mean
ambient temperature, i.e., 28 and 30°C in the case of fresh-
water mullet and carps respectively. samong all the six
species, fresh water mullet alone was tested for the effect
Oof salinity on thermal tolerance (Tabls I) and was accli-

mated to 20, 25, 30 and 35°C prior to Qf?%rimentation.




During the high temperature acclimations the ambient ﬁater
femperature was maintained at 30 and 35°C with the helﬁ of
"Jumo' contact thefmometer and a thermostatic relay (Elec-
tric Control Equipment Company, Madurai) which controlled
an immersion heater. For thermal adaptation, the tempe-
rature was raised or lowered by 1°C per day from ambient
temperature before attaining the desired acclimation tempe-
rature (Brett, 1952; Fry, 1957; Beamish, 1964). There- |
after the temperature was maintained constant for a minimum
period of one wegk (Brett, 1964; Beamish, 1964). The tem-
perature variation during high temperature acclimation was
+ 0.1°C. For low temperature acclimatiorsi.e., 25°C ahd
below a common water cooler (Voltas Limited, Bombay), a
submersible ?ump (Little Giant Pump Co., USA), an electronic
relay (£lectric Control Equipment Co., Madurai) and a
'Jumo' contact thermometer were used (Kasim et al., 1977).
Two glass aquaria 70 1lit. capacity served as the upper accli-
mation tank and a lower reservoir. The immersion pump in
the lower reservoir pumped water through the cooler into
the upper acclimation tank. The overflow of the acclima-
tion chamber was drained back intq the lower reservoir;
thus a constant water circulation was maintained. The
'Jumo' contact thermometer in the acclimatfon.chamber

activated the cooler and the pump simultaneously whenevef



Fig.3

Diagrammatic representation of low temperature water
bath and connected water recirculating system used.

as low temperature experiments
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the %emperature went up due to heat gain from the surroun-
ding atmosphere and the temperature fluctuation was + 0.059C
After attaining the required acclimation level, the tempe -
rature was maintained constant for a minimum period of two

- weeks.

Lowest temperature in which acclimation was done was 150(C
for ali the species s;udied except common carp (éOO&).

Such a limitation could not be overcome because of the Jif-
ficulties of regulating required lower test temperatures
over extended period of time under the local conditions
(Kasim et al., 1977) and also because it was felt that a
reasonable picture of thermal reéponse can be obtained in-
Spite of this limitation owing to the general higher thermail
adaptation of tropical fishes (Kutty and Murugapoopathy,
1969; Allanson and Noble, 1964; Brett, 1970; Armanthakrishnan
and‘Kutty, 1974, 1967) (see also following text).

2
!

Salin{jg acclimation

Among the five species tested for salinity toleraﬁce

(Table I) L. fimbriatus alone was subjected to salinity

acclimation. Sudden exposure of this species from fresh
water to different higher salinities showed that there

was no mortality at 59 (S) for a period of 10,000 min.
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Herce, this species was kept at 59%° (3) for a minimum
beriod of 10 days in a 70 1it. aquaria. The temperature
was not controlled and the temperature remirned at

30° + 1°C, The water was well aerated with gir diffuser
stones to keep the 0Xygen level near gir saturation. Same
feeding schedule was maintaineg as‘for fish under various'
temperature acclimations. Sagilt water was Prepared by
mixing commercial salt (Anil Brand Salt Co., Madurgi)
with university tap water (Table II) (Raynold, 1974 ;
Ahokas and Duerr, 1975) and the salt water was replaced

every alternate day in the acclimation tank.

Experimental set-up

Two types of test tanks were used for lethal baths One
(12" x 18" x 12") was used as a low temperature test tank
and is made of acrylic plastic transparent sheets with a
built»in.filtering-unite The others were glass aquaria
(14" x 24" % 14") mainly used for high temperature experi-
ments. These tanks were insulated by 3" thick "thermocole!
to minimise the heat dissipation. The temperature in the
test tanks was maintained as explained for acclimation
(both high and low). The temperature fluctuation during

the tests at high temperature was £ 0.1°C and at low



témperature it was + 0.05°C. 4 thorough mixing of water
was obtained by bubbling air on all the corners of the
test tanks through air-diffuser stones., ‘This, apart from
preventing thermal stratification in the test tanks, main-

tained the oxygen level near air saturation.

Temperature in 211 these tanks were counter-checked with g
standard thermometer (Gold 8-Mil Line, England -EN 13884)

at frequent intervals throughout the experiments., The
water was Stagmant in all the high temperature tests and
water loss due to evaporation in high lethal baths were .
equalled by addition of water of the same temperature when
required. As already explaineg under 'acclimation' the bio-
logical filtering unit (Fig.1) in the test tanks prevented
accumulation of toxic nitrogenous waste materials and sus-

pended particles in the test water.
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témperature it was + 0.05°C. & thorough mixing of water
was obtained by bubbling air on all the corners of the
test tanks through air-diffuser stones. ‘This, apart from
preventing thermal stratification in the test tanks, main-

tained the oxygen level near air saturation.

Temperature in all these tanks were counter-checked with a
standard thermometer (Gold E-Mil Line, England -EN 13884)

at frequent intervals throughout the experiments., The

water was stagrant in all the high temperature tests and
water loss due to evaporation in high lethal baths were .
equalled by addition of water of the same temperature when
required. As al;eady explained under 'acclimation' the bio-
logical filtering unit (Fig.1) in the test tanks prevented

accumulation of toxic nitrogenous waste materials and sus-

pended particles in the test water.

Experimental procedure.

Thermal tolerance

Two methods are available to approach the problem of des-
cribing the lethal limits of temperature. The first method
involves exposing the sample of animals in a lethal bazh

in which the medium is warmed or cocled from ambient tem-
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perature at a constant rate until all the animals succumbed
(Vernon, 1899; huntsman and Sparks, 1924; Battle, 1926;
Cocking, 1959). This method has been widely criticised for
two reasons. Steady and constant warming or cooling of

the medium involves a time factor which could lead the
animals to further adaptation to high or low temperatures.

As an example Gibson (1954) working with Lebistes reticulatus

obtained a median lethal level 7 to 8°C lower than that for
heat-coma, as recorded for the same species by Tsukuda
(1960). Similar differences occured between the ‘critical
thermal maximum' (heating at 0.5°C/min) ard the lethal
temperatures for 3 species of shallow water marine fish
(Heath, 1967). Secomdly the datazcould not be adeqguately
explained satistically (fry, 1948; Bovee, 1949). The
second method involves exposing the samples acclimated at
different non-lethal temperatures abruptly to high and low
lethal temperatures which ranges from rapidly lethal to
sublethal liﬁlits° The latter method which eliminates the
two problems encountered in the first method has been

employed in the present study.

This method of lethal temperature assessment has been
employed by Fry and his associates and other workers

(see Fry, 1971). Eventhough the principles of the method
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remains basically the same; the maximum time of exposure
varied notably with different workers. The data have been
statistically treated and graphically interpreted by various
workers (ny et al., 1942; Brett, 1944, 1952; Doudoroff,
1945; Fry, 19415 Fry et al., 1946; Hart, 1947, 1949;
McLleese, 1956; Edney, 1964; Allanson and Noble, 1964;
Kutty and Murugapoopathy, 1969; An%nthakrishnan and Kutty,
1974, 1976). An extensive discussion on the statistical
treatment of the data and widely acceptable terminology
that are used to describe the observations of the events
of lethal temperature determination has been given by
Brett (1952). The terms and explanations given herein

are taken mainly from Brett (1952).

Lethal temperature

Upper: The carp fry and freshwater mullet fingerlings
acclimated to 15, 20, 25, 30, 35 and 3%8°C were exposed to
different high lethal temperatures ranging from sharp
lethal to sublethal levels at an interval of 1 or 0.5°C.
The shorter temperature interval was adopted for tests
near gublethal levels. This interval was found to be
adequate for enabling the reasonable interpretation of

data (Miller and Tainter, 1944). The level of lethal and sub-
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lethal temperatures were worked out by preliminary random
exposures of the above materials before proper finer tests
were made. Time to death of individual fish of all the
samples were noted down by close inspection. Complete
arrest of opercular beats and the onset of miscular con-
traction, followed by complete loss of response to external
stimuli are decisive symptoms to ccnclude‘that the animal
is dead (Brett, 1944, 1952; Hart, 1947). Length arnd weight
of the dead fish were recorded immediately after removing

from lethal baths.

Lower: Low lethal temperature tests were conmducted at an
interval of 0.5°C from 6° +to 21°C. ‘Temperatures lower than
6°C were not,tested, for the reasons explained before,
namely, limitations of the techniques and facilities for
maintaining low temperatures precisely for long periods,
eventhough the apparatus adaptation did provide the needed
accuracy (Kasim et al., 1977), but not the range of tempe-
rature required and also the reason that the temper?ture
range tested and the techniques available would suffix the
requirements of delinecation of thermal range of tropical
fishes reasonably, as already shown in earlier studies

(Allanson and Noble, 1964; Kutty and Murugapoopathy, 1969;

Aranthakrishnan and Kutty, 1974, 1976).



Relatively it was easier to decide when a fish died from
high temperature. In high lethal temperature the fish
swim wildly around the test chamber inmmediately when expo-
sed and the death is sudden with a comparatively shorter
period of time from the time of loss of balance to the
time of death. On the contrary in low lethal temperature
the fish appears to be in a stage of 'suspended animation'
(Brett, 1952) and there is a long lapse of time between

loss of balance and death.

Exposure time

Various investigatbrsu have used different durations of
exposure in lethal baths to determine the lethal tempera-
tures and this has been a matter of controversy. Fry et al.,
(1942) exposed their fish for a period of 14 hrs and Brett
(1944 ) shortened the exposure time to 12 hrs. Subsequently,
Brett (1952) has carried out experiments for Pacific salmons
even as long as 7 days. Bdney (1964) found the upper lethal
level is lowered when isopods were exposed to 12hrs instead
for only 30 min. However, the mortality due to tempera-
ture as a primary cause ceases after a particular resis-
tance time in many animals (Brett, 1952; Fry, 1947).

Beyond this period 50% or more of the exposed population

survive for an indefinite period of time and this varies
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Samples of 10 fish were drawn from acclimation tank and
sudden exposures were made at different preset lethal sali—4
nity and temperature combinations. Table III gives the
details of different combinations of salinity and tempera-
ture used for the freshwater mullet. Temperature of the
test medium was controlled at different levels only for

R. corsula. But for other four speciés including salt-

water acclimated L. fimbriatus the experiments were carried

out at ambient room temperature (30 + 1°C) and the salinity
range was from 5 to 359%° (S). The saline test medium was
prepared as mentioned for salinity acclimation. The eleva-
tion in salinity due to evaporation was compensated by addi-
tion of distilled water and it was constantly checked with

a 'salinometer! (YelloWSpring Instrument Co., USA). The
salinity fluctuation was within 0.5%° (S) for any set of
experiments, Time to death of individual fish was recorded

by close inspection and the length and weight of inmdividual

fish were noted down.

Salinity effect on thermal resistance

Salinity effect on thermal resistance was studied only in

R. corsula at high temperatures. Fingerlings of R. corsula
-

previously acclimated to four different temperatures

(see 'acclimation') were tested to potentially lethal



Table 1III

Different salinity and temperature combinations employed for salinity tolerance study
among the fingerlings of R. corsula. ©Plpces (x) marks indicate the specific salinity

temperature combinations in which tests have been made

Test “emp. Salinity of

— b

o . 3 —— " . '

(ec, 45.00 40.00 35.00 30.00 26.25 25.00 20.00 18.00 17.50 15.00 12.50 10.00
35.0 - X X X b'd - - X X X X X
30.0 - X X X X - - X X b d b4 X
26.0 - X & X - X X X X x X X
20.0 - X X X - X X - - X X X

17.5 b4 X b4 X - b4 X - - X X X
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temperature and salinity combinations. The different
combinations of lethal temperature and salinity employed
for this study are presented in Table IV. Samples of
fish from different acclimations were exposed abruptly,
as indicated in the Table I¥, and the time to death of
individual fish were recorded to assess the salinity

effect on thermal resistance by statistical analysis.

Analysis of data

As referred to already the method of analysis and ter-
minology adopted in the present study are those descri-
bed by Brett(1952) except in a few specific cases as
indicated. The primafy analysis of the thermal and
salinity tolerance arnd the effect of salinity on thermal
resistance data involved probit analysis. Then the pro-
cessed data were subjected to regression analysis to
differentiate the resistance pattern.with respect to
different factors. To distinguish the significarce

of resistance among the species the primary data of all
the experiments were subjected to analysis of variance.
The lethal levels of temperature and salinity which
might cause 50% mortality among the population were )
calculated by the method of Miller and Tainter (1944)
and these values of temperature alone were &sed further

to define zones of resistance and tolerance qulitatively

and quantitatively.



Different combinat;ons, of 1lethal temperature and Salinity employed for the
assessment of salinity effect on thermal resistamce ambng, 73.‘corsulé.
Places (x) markes indicate the specific lethal temperature and saiinity

combinations in which +tests have been made

Aceli. ~  Test Test salinity o :
tems. Temp. — —_ —_— —_— _ _— - - - e—
{oC) (oC : »
25 20 18 15 12 10 7 5 3 P.W.
o . = : - e e
35 3T, 39, 41 - - - b’ - - X - - x
30 37, 29, 41 - - - x - - x -t x
.25 .39 - X - X X. x 'y X X x
20 37 X X X X X X X X X X
. . A
wilfnatn

FW =

F;esh water
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a. 2robit analysis

When the resistance times of individual fish of a sample
i.e. the cumulative time to death, are plotted on an
arithmetic graph, sigmoid curves could be fitted throughb
the plots (Fig.4). These mortality curves can be con- #
verted into simple straight lines as it has been demon-
strated by Bliss (1935, 1937), when plotted on a proba-
bility chart in which the axes have been converted into
probability units as one variable (Y-axis) and logarithm
of time as the other variable (X-axis). From these
levels 50% mortality time can be read (Fig.5). This

50% mortality time is usually feferred to as 'median
resistance time! or 'median lethal time' (TLM 50) which
has been shown to be same as the 'geometric mean time'
in most cases (Fry et al., 1946). Hence, the median
resistance time is the time within which a population
will suffer 50% mortality at the given lethal temperature
for the particular acclimation level. Thus a series of
median resistance times are estimated for av%ry group

of animals escclimated to a temperature or salinity

and exposed to various lethal levels. The validity df
relation and the normality of distribution which makes
it feasible for further statistical processing have

been much emphasized by Fry et al., (1946), Hart, (1947,
1949) and Brett (1952).
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b. Hegression analysis

¥

A series of median resistance times are estimated fo} the
group of animals acclimated to a temperature and exposed
to different lethal levels. When all these median resis-
tance times are plotted on a semi-logarithmic grid against
corresponding levels of temperature, straight, sloping
lines can be fitted through plots of the logarithm of
median resistance time against test temperature by 'least
square' method (Fig.6). These regression lines can be
expected to picturize the resistance of the species con-
cerned at respective state of acclimation and thus faci-

litates a comparative study.

c. Incipient lethal level

The incipienmt lethal levels are the doses at which 50% of
individuals of a sample exposed will die or conversely
dose at which 50% of the population can be expected to sur-
vive for an indefinite time of exposure (Brett, 1952). The
evaluation of these incipient lethal levels by experimen-
tation needs that tke tests should be conducted at closer
intervals and the levels which cause 0% to 100% mortality
are alone taken for analysis. ©Safety dosage calculation

method advanced by Miller and Tainter (1944) was employed



in which the probit and logarithmic units were used. Lethal

levels are shown by a boundary line (broken line) (Fig.6)
which cuts the lower ends of all the regression lires and
there is a distiﬁct break in the 1ogarithmic plot. The
ohservation of this break (Fry et al., 1946; Brett, 1952)
ard its changing mature with acclimation is most signifi-
cant and constitutes the main difference in present experi-
mental procedure from other imvestigations (Kennedy et al.,
15742 and b; Feldmeth et al., 1974; Hollard et al., 15745
Hidu et al., 1974; Raynold ard Thompson, 1974; Andronikov,
1675: Wallis, 1975). This boundary demarcates the 'zone

&

of tolerance' from the 'zone of regsistance'.

d. Zones of resistance and tolerance

As mentioned already the upper and lower incipient lethal
temperatures are further used to demarcate the biokinetic
range of the species concerred by plotting incipient lethal
temperatures against respective acclimation temperatures

on an arithmetic graph. This results in the formation of

a trapezium (Fry et al., 1942; Brett, 1952; Ananthakrishnan
and Kutty, 1976). This trapezium has an additional cons-
truction line running at an angle or 45° to both the axes.
This line traverses through all points at which measure-
ments along each axis have equal values (Fig.41). 1In the

upper and lower temperature regions the lethal ard accli-
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mation temperatures meet this 45° line at twd points separ-
ately providing finally an ulftimate upper and lower lethal
temperatures (Fry et al., 1946; Brett, 1952). Beyord these
ultimate lethal temperatures the extension of thermal tole-~
rance becomes impossible whatever may be the state of accli-
mation and duration of experiment. Thus the area bounded
iby the incipient lethal temperatures in the shape of a poly-
gon is known as the 'zone of tolerance' and beyond which
lies the 'zone of resistance'. The area of the zone of
tolerance can be expressed in degree centigrade squared
(002) units (Fry et al., 1942) and this can be expected

to show quantitatively the thermal tolerance of any species

investigated by these procedures.

¢. aAnalysis of variance , .

This method of analysis have been used to differentiate
the soorces of specific variations from those resulting
froﬁ sample variability coubled with interaction of accli-
mation, lethal temperatgres and resistance time. Since
almost the same acclimation and lethal temperatures were
enployed for eéch species, 1t was possible to consider

the data for the foliowing relations: i.e.

1 species x lethals, for each acclimation temperature

2 species x acclimations, for each lethal temperature

3 lethal x acclimations, for each species:
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The following method of compilation to elucidate the sig-
nificance of resolved components from a measure of the
unresoved variability (error) by F test was taken mainly

from Brett(1952) and S nedecor (1967)

X = .log median resistance time

Tx = total median resistance time (log)
S = sum of all items
G = Grand total

df = degrees of freedom = (n-1), (k-1)
C = correction factor = Gz/nk

Model Table (after Brett, 1952)

1 2 3 ooooo * s 0 0 o e e o @ ® 6 4 0 068 00 006 00 0 n
*
1 TX1 ® ® & & & 0 » 5 ¢ & e ® & & & 6 & 8 0 o ® ® & 6 & o & & 0 0 0 v s o . o » o Txn
2 L2
. .
3 '
** E
k Txk ¥
S1 52 33 *® 6 & & 6 *» O O & s 0 O 0 o * O @ o & o bn
*Lethals = Lethal test temperatures

* %
Acclimations = Acclimation temperatures

YRR

Sk
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sum of Squares

n o [E , (

1 Between species = S S (Tx) k - c
1 1 :
k n 5 o

2 Between lethals = S /S (Tx) n - c
1 >1 P

3 Error = (4) - (1) + (2)
ok 2

4 Total = 3 (Tx) - C
1

Orthogonal comparison is a second step in the analysis of
variance in which the sum of squares are broken down into
proportionate amount of variation pertaining to single

degree of freedom and in turn sub ject to 'F' test with the

error term of concerned sum of square.

Table of multipliers used for orthogonal comparison between
each species using total log resistance time for all lethals
and all acclimation per species

Species i 2 3 4 5

Multipliers 1 1 0 -1 -1
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Apart from orthogonal comparison, as a further step non-
orthogonal comparisons have also been done as per the

Table shown below:

Table of multipliers used for non-orthogonal comparison
between each species using total log resistance times
for lethals and acclimations of 25 , 30 and 35°C

Species 1 2 3 4 5
#

Multipliers 1 -1 0 0 0

1 1 =2 0 0

0 0 -2 1 1

0 0 0 1 -1

The analysis of variance, orthogonal and non-orthogonal
comparisons are further explained with due results of

present work in discussions,
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Results

Results for the three series of eiperiments as explained
in 'Materials and methods' are presented separately here-

under in the following order:

I Thermal tolerance
IT BSalinity tolerance

ITI Salinity effect on thermal resistance

I Thermal tolerance

Results of the thermal tolerance of the five species stu-
died are presented as upper and lower thermal tolerance

separately for the respective species.
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a) Upper thermal tolerance:

—— i v ——r

The raw data obtained on time to death in minutes of
nrigal acclimated to six different temperatures (15, 20,
25, 30, 35 and 3800)‘and exposed to various high lethal
temperatures (from 35.0 to 42.500) with other relevant
details such as length and weight, are presented in appen-
dices Aal to haé. The analysis of these data is done

according to the methods described by Fry et al., (19%46)

and Brett (1952) as already referred to under ‘'Methods'.

As an example of the data obtained, resistance times (time
to death in minuwtes) of individual fish in lots (acclima-
ted to 38°C and tested to various high lethal temperatures,
namely, %9.0, %9.5, 40.0, 40.5, 41.0, 42.0 and 42.5°C)

are plotted ageinst percent fish dead, in Fig.4. As explai-
ned under ‘'Methods', such arithmetic plot curves fitted
through the points, obtained for each lot of fish are gene-
rally sigmoid in shape, just as it was obtained by earlier
workers in similar studies (Fry et al., 1942; Brett, 1952;
Apanthakrishnan and Kutty, 1976). It is also seen in Fig.4
that these sigmoid curves shift towards the time axis as the
high lethal temperature becomes less. The mortality was

100% in 42.5, 41.0, 40.5 and 40.0°C, but in 39.5°C the



Fig.4

Times to 8eath at different high lethaltest tempera--

tures among mrigal fry acclimated to 38°C,

Plotted on arithmetic gxes
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mortality was only 60% as indicated by the arrow termina-
ting the shorter curve. Intérse%tions of the horizontal
broken line with the curves in Fig.4 indicate times to

50% mortality for the respective test temperatures.

The probit-logarithmic transformation (vide 'Methods') of
the data in Fig.4 is shown in Fig.5. Times to 50% morta-
lity, referred tolas 'median resistance time' or 'medi@m
lethal time' (TLM 50) are taken from these curves for fur-
ther analysis. The geometric mean values estimated for the
same data (closed circles with + one SD in Fig.5) indicate
that there is no significant difference between these values
and median resistance times, as also shown by earlier

workers (Fry et al., 1946; Brett, 1952).

Median resistance times for other acclimation levels obtai-- |
ned similarly for various high lethal temperatures in mrigal
re collectively presented in Table V. It is seen from '
Table V that for each acclimatién, with an increase in test

temperatures the ﬁedian resistance time decreases. It is
also seen that the median resistance times are characteris-
tic of each acclimation temperature. However, with an.
increase in acclimation temperature the median resistance
time also increases. These observations are in consonance

with the findings of earlier workers on other fishes

(Fry et al., 1946; Brett, 1952).



Fig.5

Times to death at different high lethaltest tempera-
tures among mrigal fry acclimated o 38°C. Plotted on
pProbit x logarithmic axes. Calculated geometric mean
resistance times (closed circles, horizontal bars indi-

cated one S.D) coincide with the median resistance
times (at probit 5.0) A
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Table V

Median resistance times to high lethal temperatures of mrigal (Cirrhinus mrigala) fry

acclimated to various temperatures

Lethal temperatures in °C and median resistance times in minutes

Aco}iuau

Te;;i}foc) 42.5 42.0 41.0 40.5 40.0 39.5 39.0 38.5 38.0 37.5 37.0 36.0 35!5 35.0
38 08 47 100 298 2000 8000 = - - - - - - -
%5 - %6 66 120 255 6500 - - - - - - - -
30 - - 21 | 64 115 250 65800 - - - - - - -
25 - - - - - 11 34 48 - - - - - -
20 - - - - - - - - 15 24 51 - - -
15 - - - - - - - - - - - 15 33 110
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The data on median resistance times of mrigal are plotted
on arithmetic axes against respective high lethal tempera-
tures for each acclimation, in Fig.6. The curves fitted
through the plots indicate that with the decreaée in"high
lethal temperature the median resistance time increases
until the incipient lethal level is reached, as indicated
by the point where the curve becomes parallel to time

axis. It 1is also seen in this figure that the space between
the parallel lines of each acclimation on the time axis is
progressisvely reduced with the increase in acclimation
temperature. This gradual reduction suggests that the
difference in incipient lethal temperature becomes progre-
gsively less at the higher acclimation temperatures. The
data presented in Fig.6. are shown on a semilogarithmic
graph in Fig.7 and regression lines have been fitted through
the plots. These regression lines are straight and negati-
vely sloping and demonstrate the characferstic resistance
response of this species to high lethal temperatures for
different acclimation temperatures. These regression

lines have been terminated by a broken line at the lower
ends, beyond which the lines are extended as parallels

to the x axis. The flexion points of these curves denote
that at temperatures below that indicated by the broken

line, there will not occur 50% mortality in the samples



Fig.6

Median resistance times to high temperatures among
mrigal fry acclimated to temperatures indicated.

Plotted on arithmetic axes
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Fig.,7

Median resistance times to high temperatures among
mrigal fry acclimated to temperatures indicateqd.
Plotted on arithmetic logarithmic axes (see text

for further explanation)
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experimented for any longer period of time. This boundary
line dirferntistes the zone of tolerance from the zore

of resistance. Further, the positive slope of the boundary
line indicates the change in incipient lethal level with
respect to increase in acclimation temperature from 15 to
2500, Above 25°C there is no marked change in incigient
lethal 1e%él, 88 indicated by the upper boundary lire.

The equations for the regression lines fitted in Fig.7

are presénted in Table VI. The three points with arrows
next to them (Fig.7) pertaining to 30, 35 and 38°C accli-
mations were not taken into account for the regression

analysis so as to get a better fitting.

None of the fish sufferred death among the samples of 38°C
acclimated group, when exposed to 39°C and below within
10,000 minutes exposure time. Whereas 100% mortality was
recorded at 40°C and above (see appendix Aal). Henece the
incipient lethal temperature lies somewhere in between

3G grd 40°C for 38°C acclimated group of mrigal. The value
estimated as per the method of Miller and Tainter (1944)
was 33.5°C. The incipient lethal temperatures thus cal-
culated for all the acclimation temperatures of the five
species presently studied are presented in Table VII.
Upper incipient lethal temperatures for mrigal are 35.0,
38,3, 38,8 and %39.3 for acclimations 15, 20, 25, 30 and

350C respectively.



Tgble VI

Formulae for the regression 1lines

describing the

thermal resistance

C. nrigala acclimated and tested to various temperatures. (x is the

temperature in degree C; y 1is log +time 1in minutes)

Acclimation Upper Lower

Temp. (°C)
38.0 y = 30.4009 - 0.6850 x = - 7.7035 + 0.5728 x
35.0 y = 20.0362 - 0.4421 x = - 3.6248 + 0.3647 x
30.0 y = 32.3620 - 0.7569 x = - 3.2519 + 0.3251 X
25.0 y = 26.3780 - 0.6400 x = -10.7861 + 1.0263 x
20.0 y = 21.3526 - 0.5315 x = -14.7500 + 1.6986 x
15.0 y = 32.2968 - 0.8653% x = - 9.,1884 + 1.3110 x




Table VII

Upper incipient lethal temperatures of fry of carps and fingerlings of freshwater mullet
acclimated to various temperatures. Estimates have been made from the resistance times
and from temperatures causing no mortality for exposures of 10,000 minutes, based on the

raw data presented in appendices, by the method of Miller and Tainter (1944)

1 oQ
Aoclimat® on Upper lethal temperatures (°C)+ one SD

Temp.(°C)
C. mrigala L. rohita L. fimbriatus C. carpio R. corsula
38 39.5 + 0.3 39.0 + 0.2 38.9 + 0.2 - -
%35 39.3 + 0.1 39.0 + 0.3 38.8 + 0.1 38,5 + 0.3  36.5 % 0.3
30 38.8 + 0.1 38.5 + 0.3  38.8 £ 0.1 37.6 + 0.4  36.2 £ 0.4
25 38.3 + 0.1 38.0 + 0.3  38.1 £ 0.2 36.5 + 0.3 36.0 + 0.3
20 36.5 + 0.3 35.8 + 0.4 37.2 + 0.4 35.% + 0.4  34.1 + 0.4
15 35.0 + 0.3 35.0 + 0.3 35.0 + 0.3 34.3 + 0.4 32.4 + 0.1
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r Ti death at different high iethéltest tempera-
tu ng rohu fry acclimated to 20°C. Plotted on
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Median resistance times to high temperatures among
rohu fry acclimated to temperstures indicated.

Plotted on arithmetic x logarithmic axes
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Table VIII

Median resistance times to high lethal temperatures of Yohu (Labeo rohita) fry eccli-

mated to wvarious temperatures

Acclima~ Lethal temperaturesqin °C and median resistance times in minutes
tion

Temp.(°C) 43 . 42.0 41.0 40.5 40.0 39.5 39.0 38.5 38.0 37.0 36.5 36.0 35.5 35.0

38 - 35 205 720 5500 6550 8000 - - - - - - -i

35 5 18 88 190 3950 4500 9500 - - - - - - -
30 - - 16 a2 83 2000 3650 8100 - - - - - -
25 - - - - - 27 56 160 630 - - - - 4 -
20 - - - - - - - - 10 35 70 280 - -

15 - - - - - - - - - - - 19 200 860




Table IX

Formulae for +the regression lines describing the thermal resistance of
L. rohita acclimated and tested to various temperatures (x is the tem-
perature in ©°C; y is the log time in minutes)

Acclimation

(oC) Upper Lower

38.0 y = 37.8767 - 0.8640 x B

35.0 y = 38.8168 - 0.8923 x y = -2.7487 + 0.3011 x
30.0 y = 49.6543 - 1.1841 x y = -9.7023 + 0.8004 x
25.0 y = 37.3826 - 0.9119 x y = -6.3330 + 0.7063 x
20.0 y = 34.9087 - 0.9031 x y = -2.3524 + 0.4572 x
15.0 y = 60.9488 - 1.6557 x y =-16.2558 + 2.2410 x




40

Mortality of rohu acclimated to 15, 2C, 25, %0, 35 and 3%8°C
was nil or partial (ie., below 50%) when tested at 34.5,
35.5, 37.0, 38.0 and 38.5°C respectively (se¢ also appendices
from Ab1 to Ab6). From these results it appears that the
upper incipients lethal temperatures lie somewhere just

above these test temperatures. Upper incipient lethal
temperatures estimated, as in the case of mrigal, for this
species are 35.0, 35.8, 38.0, 38.5, 39.0 armd 39.0°C for the
acclimations 15, 20, 25, 30, 35 and 38°C respectively

(Table VII).

iii. Fringe-lipped carp:

As already shown for the previous two species, the raw
data on time to death of individual fringe-lipped carp
acclimated to six different temperatures (from 15 to 38°C)
and tested to various high lethal temperatures, with other
relevant details are presented in appendices from Acl to
Acb. As an example of the raw data obtained, the data

of 30°C acclimated group are presented in Fig.10 on probit
chart. The probit curves pertaining to all the high lethal
temperatures displayed in Fig.10 are straight and simple.
The mortality among the samples exposed to temperatures
above 39.5°C was 100% within exposure time of 400 minutes;

whereas at 39.0°C mortality began only after 2000 minutes
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to reach 100% death among the sample. This long lapse of
time in the mortality pattern within an interval of 0.5°C
(i.e., between 39.0 and 39.5°C) in this species may suggest
two factors acting sn two different loci to bring about the

mortality (see also 'mixed lethal effect' under 'Discussion').

The median resistance times obtained from various probabi-
lity curves pertaining to the lethal temperatures of the

six acclimation series are presented in Table X. The median
resistance times summarised in Table X are plotted on a semi-
logarithmic graph in Fig.11 and regression lines have been

- fitted through the plots for each acclimation level. The for-
mulae for the regression lines describing the thermal resis-
tance of fringe-lipped carp are given in Table XI. The
geéneral features of this figure are same as indicated for

mrigal (see Fig.7).

The upper incipient lethal tewperatures estimated from the
raw data for this species are 35, 37.2, 38.1, 38.8, 38.8 and
38.9°C for the acclima%ion séries 15, 20, 25, 30, 35 and 38¢C
respectively (Table VII). There is no marked change in

incipient lethal temperatures above 30°C aceclimation levels,
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Median resistance times to

(Tabzo fimbriatus) fry acclimated

high

lethal temperatures

to varicus temperatures

Lethal temperatures

AR A ———- p—-

of fringe-lipped

carp

in °C and m»d an resistance times in minutes

Leelima
tion e -
Temp.(°C 42.0 41.0 40.5 40.0 39.5 39.0 38 5 38.0 37.5 36.0 35.5 35.0
33 46 290 1200 3800 5700 17200 - - - - -
35 27 78 290 3100 5300 6200 - - _ -
30 -~ 39 75 190 290 5650 - . -
25 - - - 14 42 12¢ 275 - - - -
20 - - - - - - 8 17 27 - -
- - - - - 44

15 - - - -

22




Fig.11

¢ Median resistance times to high temperatures among
fringe-lipped carp fry acclimated to temperatures

indicated. Plotted on arithmetic x logarithmic axes
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Table XI

Formulae for +the regression lines describing the thermal resistance

L. fimbriatus acclimated and tested to various temperatures. (x is

temperature in ©°C; y is the 1log time in minutes)

Acclimation
(00) Upper Lower
38.0 y = 34.4858 - 0.7790 x N2 -~ 33,7621 + 0.3382
35.0 y = 39.2119 - 0.9028 x y - 7.0896 + 0.563%2
30.0 y = 41,6639 - 0.9818 x y =24 .2474 + 1.6655
25.0 y = 35.8556 - 0.8671 x v ~-19.663%6 + 1.6138
20.0 y = 21.2637 - 0.5283 x y -15.6490 + 1.5544
15.0 y = 27.5805 - 0.7404 x y - 6.2552 + 0.9253

-,




vi. Common carp:

Times to death of individual common carp acclimated to 15,
20, 25, 30 and 35°C and tested at different high lethal tem-
peratures ranging from 34.0 to 42.0°C are presented as raw
data in appendices from Ad1 to AdS5, with other relevant details.
The data of 25°C acclimated common carp are presented on
probit chart in Fig.12, as an example of the raw data obtai-
ned. The probit curves pertaining to temperatures above 380C
are simple; whereas the curves of 37.0 and 37.5°C are split-
probits as in the case of rohu (Fig.8). Unlike in the pre-
vious three species, the general shift of these probit cur-
ves towards the x axis is more in this species, indicating
the low rate of mortification. 4s it is seen from Fig.12 the
mortality was 100, 60 and O% at 37.0, 36.5 and 36.0°C

respectively.

Median resistance times obtained from a series of such pro-
bit curves as shown in Fig.12, for the five acclimation tem-
peratures are summarised in Table XII. The semi-logarithmic
plot of these median resistance times are shown in Fig.13
with respective regression lines for each acclimation tempe-
rature. In contrast to the previous three species the broken
boundary line which cuts the lower ends of these regression

lines indicates that incipient lethal temperature continues



Fig.12

Times to death at different high lethaltest tempera-
tures among common carp fry acclimated to 25°C.

Plotted on probit x logarithmic axes
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Table

Median resistance +times to high 1lethal temperatures of common carp (Cyprinus carpio. var
communis) fry acclimated +to various temperatures
A . Lethal temperatures in °C and median resistance times in minutes
cclima-
tion :
Temp.(°C) 42.0 41.5 41.0 40.5 40.0 39.5 39.0 38,5 38.0 37.5 37.0 3%6.5 36.0 35.5 35.0 34
35 28 - 56 92 240 2000 3625 7200 - - - - - - -
30 - 16 29 52 64 350 610 780 6000 - - - - - -
25 - - - - - 10 . 16 35 46 18 142 430 - - -
20 - - - - - - - - - - 8 12 85 500 -
15 - - - - - - - - - - - - - 8 1" 30
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to increase with the increase in acclimation temperature in
this species. This phenomenon is unique to this species

as in the case of goldfish (Fry et al., 1942) and absent in
other four species presently studied. Table XIII consti-
tutes the formulae for the regression lines describing the

thermal resistance of this species.

From appendices Ad1 to Ad5 it can be noted that the morta-
lity among the lots drawn from 15, 20, 25, 30 and 35°C
acclimations and exposed to 34.0, 35.0, 36.0, 37.5 and 38.0°C
respectively was partial and below 50%. Based on these raw
data, the estimated upper incipient lethal temperatures are
34.%, 35.3, 36.5, 37.6 and 38.5°C for the acclimation 15,
20, 25, 30 and 35°C respectively (Lable VII).

v. Freshwater mullet:

Appendices from Ael to Ae5 constitute the raw data obtained
| on times to death of individual freshwater mullet acclimated
to five different temperatures (from 15 to 35°C) and exposed
to various high lethal temperatures from 32 to 42°C, along
with other relevant details. As an example of the results
obtained on mullet, the data pertaining to 35°é acclimation

are graphically shown in Fig.14 on a probability graph as

done for other four species. Two features are evident from



Table XIII

Formulae for

the

regression 1lines

describing the

thermal resistance of

C. carpio acclimated and tested to various temperatures (x is the tem-

perature in °C; ¥ 'is +the log time 1in minutes)

Acclimation
(oC) Upper Lower
35.0 y = 33.4430 - 0.7695 x = -0.73%389 + 0.1609 x
30.0 y = 29.8243% - 0.6931 x = -4.5%324 + 0.6528 x
25.0 y = 21.1184 - 0.5103% x = -1.4218 + 0.4934 x
20.0 y = 46.8744 - 1.2475 X - -4.5058 + 1.1800 x
15.0 y = 56.8112 - 1.5810 x -




ratures among freshwater mullet fingerlings accli-

mated to 300(, Plotted on Probit x logarithmic

axesgs
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Fig.14 i.e., the group of mullet acclimated to 35°C resis-
ted & wide range of temperature from 36.5 to 42°C and morta-
lity was present continuously even afier one week time of
exposure (approximately 10,000 minutes) at 36.5°C (see also
'Exposure time' under 'Discussion'). This phenomenon indi-
cates that this species has relatively higher resistance to
high lethal temperatures than the rest of four species in the

present study.

Median resistance times estimated from the probit curves of
the high lethal temperatures from 32 to 42°C for the five
acclimations are summarised in Table XIV. The graphical
illustratiorn of these data from Table XIV, on a semilogari-
thmic grid is shown in Fig.15. The regression lines fitted
through the plots for the five acclimation series indicate
that the zone of resistance for this species is larger than
that of other four species (see also '‘Relative tolerance

and resistance' under 'Discussion'). The formulae for the
regression lines describing the resistance pattern of this

species are given in Table XV.

The upper incipient lethal temperatures estimated, as in the
case of previous four species, for this species are 32.4,

%4 .1, 36.0, 36.2 and 36.5°C for the acclimations 15, 20,

25, 30 and 35°C respectively (Table VII).



Table XIV

Median registance

{imes

to high leth

2l temperatures

of freshwater mullet

(Rhinomugil

gg;gg;g) fingerlings acclimated %o various temperatures
A . Lethal temperatures in °C and median resistance times in minutes
cclima-
£tion —
Temp"(oc) 42 ) 41.0 40.5 40.0 39.5 %9.0 38.5 38.0 37.0 %6 .5 %6.0 25.0 34.0 33,0 32.
35 32 108 210 278 460 850 1330 2575 4150 10000 - - - - -
30 - 39 64 103 320 650 1550 2000 4750 8%00 - - - - -
25 - - - 45 94 178 790 1575 2800 6600 8100 - - - -
20 - - - - - — - 6 390 - 2000 3000 7000 - -

15

150

600 2550




Fig.15

Median resistance times to high temperatures among
freshwater mullet fingerlings acclimated %o tempe -

ratures indicated. Plotted on arithmetic X logari-

thmic axes
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Table XV

Formulae for the regression lines describing the thermal resistamnce of
R. corsula acclimated and tested +to wvarious temperatures (x is the

temperature in °C; y 1is the 1log time in minutes)

Lcclimation

Temp. (90) Upper ' ~ Lower
35.0 y = 19.8178 - 0.4340 x y = -0.0125 + 0.1804,X
0.0 y = 23.6483 - 0.5372 x y = -1.4160 + 0.3280 x
25.0 y = 24.8173 - 0.5760 x y = -0.9090 + 0.3434 x
20 0 y = 17.2835 - 0.3938 x y = -1.5533 + 0.4614 x

15.0 y = 18.7382 - 0.4571 x y = -0.3002 + 0,3854 x




Fig.16

Times to death at various low lethal test tempe-

ratures among mrigal fry acclimated to 38°C,

Plotted on probit x logarithmic axes
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Fig.16) also differ to = considerzble extent from median
resistance times obtained from split probits (18.0 and 18;500).
There is no difference among these two values for 19°C test
which has a straight probit curve. However, in the present
study only median resistance times have been taken into
account for further analysis of the data for one important
'reason, that the median resistance times can be obtained
for lethal levels where the mortality is partial i.e. 50%

and above, but below 100% (Brett, 1952) (see alsc 'Methods').

The median resistance times, thus obtained by probit analysis
for low lethal temperatures of the six acclimations for mrigal
are summarised in Table XVI. It is seen from this Table

that the median resistance times of fish exposed to low tem-
peratures increase with rise in low lethal temperatures and

%ﬁecrease with increase in acclimation temperature. This
o
" phenomenon is reverse of that obtained on fish tested at

high temperatures and is in agreement with observations on-
other species as well by earlier workers (Fry et al., 1942,

1946; Hart, 1947; Brett, 1952).

The data on median resistance times from Table XVI are
plotted on an arithmetic graph in Fig.17, as it is shown

for high lethal temperatures for this species (Fig.6). The



Table XVI

Median resistance times to low 1lethal +temperatures of mrigal,

Acclima- : Lethal temperatures in ©°C and
tion '

Temp(°C)

8.0 8.5 9.0. 9.5 10.0 10.5 11.0 12.5 13.0

38 - - - - - - - - -

|

f‘ 35 - - - - - - - - -

: 30 _ _ _ _ _ _ _ _ B
25 - - - - - - - 125 300
20 - - - 10 790 1450 3800 - -

15 18 110 370 - - - - - -




Table XVI

nus mrigala) fry acclimated +to different temperatures

resistance times in minutes

- 14.0  15.0 15.5 16.0 17.0 17.5 18.0 18.5 19.0 19.5

- - - - - - 450 660 1550 3050

- - - - 380 560 880 - - -

- 330 520 1125 - - - - - -

4100 - - - - - - - - -




Fig.17

Median resistance times to low temperatures among

mrigal fry acclimated to temperatures indicated.
Plotted on arithmetic axes (see also text for

further explanation)
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liﬁee drawn through all the pointe are not as smooth as

they are in hlvn lethal temperatures Dhe broken.baundary
line in thls flgure roughiy divides the zones of tolerance

and re81stance The same data are presented on a semi-
logarithmic graph in Fig.18 aﬁd fitted with regression lines
through the plots of respective acclimation series. The zones
of tolerance and resistance are differentiated here by a nega-
tively sloping broken boundary line, connecting dots. The
formulae for the regression lines describing the thermal
resistance at low temperatures are presented in Table VI far
this species. The positive regression lines in Fig.18 are
terminated at the points indicating respective incipient
lethal temperatures as explained for high lethal tests

(Fig. 7).

The lower incipient lethal temperatures have been estimated,
as it was done for high lethal temperature, by the method
of Miller and Tainter (1944) and the values are presented
in Table XVII. The lower incipient lethal temperatures for
this species are 9.1, 11.1, 14.0, 16.4, 18.4 and 19.5°C for
the acclimations 15, 20, 25, 30, %5 and 38°C respectively.
These values increase with the increase in acclimation tem-
perature. Hence, there is a reduction in low temperature

tolerance with the increase in acclimation temperature.



Fig.18

Median resistance times to low temperatures among
mrigal fry acclimated to temperatures indicated.

Plotted on arithmetic x logarithmic axes (see text

for further explanation)
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Table XVII

| Lower incipient lethal temperatures of young (fry) carps and fingerlings of freshwater
mullet acclimated to various temperatures. DBIstimates have been made from the resis .
tance times and from temperatures causing no mortality for exposures of 10,000 min.,
based on the raw data presented in appendices, by the method of Miller and Tainter (1944)

Acclimation o B Loﬁer lefﬁgl temperatures (°C)
Temp. (°C)
C. mrigala L. rohita L. fimbriatus C. carpio R. corsula

38 19.5 + 0.3 - 20.7 £ 0.3 - -
35 18.4 + 0.2 19.5 + 0.3 18.6 + 0.3 16.0 + 0.5 19.5 + 0.3
30 16.4 + 0.2 16.6 + 0.3 17.0 + 0.3 12.7 + 0.4 15.8 + 0.5
25 14.0 + 0.3 14.1 + 0.3 14.8 + 0.2 10.1 + 0.3 13.2 + 0.1
20 11.1 £ 0.3 11.3 + 0.4 12.8 + 0.1 7.0 + 0.3 11.5 + 0.3
15 9.1 + 0.2 9.1 + 0.3 10.6 + 0.2 - 10.5 + 0.3
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j?This phenomenon is uriformly present in all the species pre--

sently studied and has also been reported for other species

by earlier workers (Fry et al., 1942, 1946; Hart, 1947;

i Doudoroff, 1945; Brett, 1952).

ii. Rohu:

Times to death of rohu acclimated to‘five different tempe-

ratures (from 15 to 35°C) and exposed to various low lethal

temperatures ranging from 8.0to 19.5°C are given in appendices

from Bbl to 3b5 along with other relevant details. As an
example of the raw data obtained, the data from appendix
Bb4 pertaining to 20°C acclimated group of rohu are presen-
ted on probit chart in Fig.19. The probit curves of all

the low lethal temperatures are split-probits.

times
The data on median resistance/obtained from low lethal tem-

peratures of the five acclimations, by probability amlysis
are pfesented in Table XVIII, These data (from Table XVIII)
are plotted on an arithmetic graph in Fig.20 and the lines
drawn connecting all the points show the complei low %empe-
rature response of this species as well. Fig.21 contains
the semilogarithmic plots of the same data from Fig.20 ard
the regression lines fittéd through the plots of each accli-

mation series also describe the low temperature response



Fig.19

Times to death at various low lethaltest tempera-
tures among rohu fry acclimated to 20°C. Plotted

on probit x logarithmic axes
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Table XVIII

Median resistance

times

t

to different temperatures

0 low 1lethal temperatures

of Rohu

(Labeo rohita)

fry' acclimated

Acclima-

Lethal temperatures in °C and median resistance times in minutes

tion

Temp.(°C) 5 5 5.5

9.0

9.5 10.5

11.5

12.5

13.0

13.5

14.0

15.5

16.0

16.5

17.0

18.0

19

. 30 - -

20 - 10

15 30 190

4800

90

420

2000

420

630

1550

3100

570

1000

3600

250

410

10




Fig.20

Median resistance times to low temperatures among

rohu fry acclimated to temperatures indicated.

Plotted on arithmetic axes
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Fig.21

Median resistance times to low temperatures among
rohu fry acclimated to temperatures indicated.

Plotted on arithmetic x logarithmic axes
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~of this species. The eguations for these regression lines

are presented in Table IX.

The lower incipient lethal temperatures estimated from the
raw data for the five acclimation series are given in

Table XVII for this species and the values are 9.1, 11.3;,
4.1, 16.6 and 19.5°C for the acclimations 15, 20, 25, 30

and 35°C respectively.

iii. Fringe-lipped carp:

—— s it G T —— . ——— c——— " 2

Appendices from Becl to Bc6é contain the raw data on times

to death of fringe-lipped carp acclimated to 15, 20, 25, 30,
35 and 38°C and exposed in lots fo various low lethal tempe-
ratures ranging from 9.5 to 21.5°C with other relevant
details. As an example of this data, the time to death of
fringe-lipped carp acclimated to 35°C (4Appendix Bc2) and
exposed to 17.0, 17.5, 18.0, 18.5 and 19.0°C in lots are
shown in Fig.22 on a probability graph. kxcept 18.5°C, the

probit curves of all other test temperatures are split- probits.

Median resistance times estimated from the lots exposed to
various low lethal temperatures from the six different accli-
mations, by probability amlysis are summarised in Table XIX,

The low temperature resistance features of these median



Fig.21

Median resistance times to low temperatures among
rohu fry acclimated to temperatures indicated..

Plotted on arithmetic x logarithmic axes
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Table XIX

"

Median resistance times to low lethal temperatures of fringé

temperatures

Acclima- Lethal temperatures in °©°C and
Ytion .

Temp(°C) —

9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.

8 - - - - - - - = -
35 - - - - - - - - - -
25 - i} T . - - 11 410 69
20 - - -° 13 600 1180 3150 g - -
15 380 810 3200 - - - _ A -




Table XIX

zarp, (Q@Qgg gggggigggﬁ) fry 8Ccclimateq +to different
resistance times ip minuteg - -
L 5.5 16.0 1;j;- 17.0 17.5 18.5—‘-:é.5 19.5 21.0~_—_
- - - - 165 T 270 620 2400
- - - 380 510 780 2800 - -
15 1300 1900 5000 -
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resistance times are the same as explained for mrigal and
rohu. The data on median resistance times are graphically’
presented in Fig.23 on arithmetic axes and also in Fig.24

on a semilograthmic graph as already shown for mrigal and
rohu. The lineé drawn through the plots for each acclimation
series describe the low temperature resistance of this
speciegs, The broken boundary line in these figures divede
the zones of tolerance and resistance. The formulae for

the regression lines fitted in Fig.24 are given in TableXI.

Thé lower incipient lethal temperatures estimated from the

. raw data (Appendices Bel tc Beb6b) for this species are
given in Table XVII and the values are 10.6, 12.8, 14.8,
17.0, 18.6 and 20.7°C fer the acclimations 15, 20, 25, 30, 35

and 38°C respectively.

The raw data on;time to death of common carp acclimated to
20, 25, 30 and 35°C and tested to various low lethal temp-
eratures ranging from 6.0 to 16.5°C are presented in appen-
dices from Bdl to Bd4 with other relevant details. As an .
example, . the data of 30°C acclimated common carp are shown
on probit chart in Fig.25. The mortality is 100% at 11.5

and 12.0°C with split-probit curves; whereas 60 and 30%

-at 12.5 and 13.0°C respectively. The median resistance



5 among
-lipped carp fry acclimated to temperatures

indicated. Plotteq on arithmetic axes






Fig.24

Median resistance times to low temperatures among

fringe-lipped carp fry acclimated to temperatures
indicated. Plotted on arithmetic X logarithmic

axes
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~moce o dezth at variovs low lethatest temprre -
tures among common carp fry acclimated to 30°3.

-

- ~*ted on probit x logarithmic axes
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_times obtained by probability analysis, as already done
for other species, are summarised in Table XX.. These
data indicate that the thermal tolerance of this species
to low lethal temperature is higher than the other four
species presently studied; for this species resists the
low lethal temperature over 370 minutes at 6°C (Table XX) .
when the sample is exposed from 20°C acclimated group.
Though this species could be acclimated to temperatures,
below 20°C, experiments could not be performed at tempera-
tures lower than 6°C due to the difficulty in maintaining
lower temperatures for a longer duration of time under the
limitation of the local technigque (Kasim et al., 1977) (see
also 'Methods'), but the available data suggest thét this
limitation has not affected the results severely (see also

'‘Discussion').

Further, the data on median resistance times from Table XX
are presented graphically in Fig.26 on arithmetic graph ard
in Fig.27 on semilogarithmic graph. As it is seen from these
figures fhe general features are found to be same as in the
case of previous species. The regression lines fitted
through the plots describe the lower thermal resistance of
this species and the broken boundary line differentiates

the zones of thermal tolerance and resistance at the



Table X X

Median resistance times to low lethal temperatures of common carp (Cyprinus carpio) fry

acclimated to different temperatures

Acclima- Lethal temperatures in °C and median resistance times in minutes
tion

Temp.(°C) 5.6 6.5 7.0 8.5 9.0 9.5 10.0 11.5 12.0 12.5 13.0 13.5 14.0 15.0 16.0

¥

35 - - - - - - - - - - 530 700 830 1000 1280 1950
30 - - - - - - - 1090 1500 4900 - - - - -
25 - - - 560 1075 2050 3000 - - - - - - - -

20 370 1500 5600 - - - - - - - - - - - -




Fig.26

Median resistance times “o ~cé4 semperatures ameong
common carp fry acclimated +e fienveratires indica--

sed, Plotted on arivthmetic ares
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Fig.o7

Median resistance Times o leow temperdtures ameng
CcCmmon carp frv acciimatod 4o temperatp#es indica..
ted. Plotted op arishmetic logariﬁbmic axes



Temperature -C

. ¥ ‘ ‘ ' N
* A -

S WO S o4 4

ol : :  l

100

‘ 1000
- Median resistance

time in minytes




52

incipient lethal level. The lower incipient lethal tempe-
ratureg calculated from the raw data (from the appendices
Bd1 to Bd4) are 7.0, 10.1, 12.7 and 16.0°C for +the acclima-
tions 20, 25, 30 and 35°C respectively (Table XVII). The
formulae for the regression lines (Fig.27) describing the
thermal resistance to low temperatures are given in

Table XIII.

v. Freshwater mullet:

Times to death in minutes of freshwater mullet acclimated

to 15, 20, 25, 30 and 35°C and exposed to vérious low lethal
temperatures ranging from 8.5 to 19.5°C are presented as raw
data in appendices from Bel to Be5, with other relevant
details such as length and weight. As an example of these
data, the times to death of 15°C acclimated freshwater
mullet are shown in Fig.28 on a probit graph. The time-
mortality curves fitted to 8.5 and 9.0°C in this figure are
split-probits, whereas the other three curves pertaining to

9.5, 10.0 and 10.5°C are simple and straight.

- The median resistance times estimated from various low
lethal temperature exposures for the five acclimations by
probability analysis are summarised in Table XXI1. The gene-

ral features of these data are samé as in the case of



Fig.28

Times to death at various low lethaltest tempera-
tures among freshwater mullet fingerlings accli-

mated to 1550, Plotted on probit x logarithmic

axes
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Table XXI

Median resistance times to 1low 1lethal temperatures of

to different temperatures

. Lethal temperatures in ©°C and
Acclima-

tion :
Temp.(°C) 8.5 9.0 9.5 10.0 10.5 1.0 11.5 12.5

35 - - - - - - - -
30 - - - - - - - 550
25 - - - - 680 - 800 2300

20 - - 1300 1625 3350 6000 -

15 810 1800 2375 3425 5400 - - _




Table XXI

shwater mullet, (Rhinomugil corsula) fingerlings acclimateqd

£ : . .
§~1an resistance times to minutes

§
gO 13.5 14.5 15.5 16.0 16.5 17.5 18.5 19.0 19.5

L - 530 - - 840 960 1530 2400 5800

- 810 2325 5200 6400 - - - - -

)0 - - - - - - -
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previous four species. The graphical presentation of these
median resistance times is made in Fig.29 on arithmetic axes
and on semilogarithmic axes in Fig.30. ZFormulae for the
regression lines describing the thermal resistance of this
species in Fig.30 are given in Table XV. The estimated
lower incipient lethal temperatures for this species are
10.5, 11.5, 13.2, 15.8 and 19.5°C for the acclimations 15,
20, 25, 30 and 35°C respectively (Table XVII).

oalinity tolerance:

The study of salinity tolerance has been carried out in
five species, namely, mrigal, fringe-lipped carp, common

carp, freshwater mullet and the cichlid fish T. mossambica

(Table I).

i. Freshwater mullet:

The raw data on times to death in minutes of freshwater
mullet exposed to various lethal salinities at different
temperatures are presented in appendices frem Cel to Ce5,
with other relevant details. As an example, a probit plot
of these data is presented in Fig.31; where the times to

death of lots exposed to various salinities (40.0, 35.0,
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Fig.29

Median resistance times to various low temperatures
among freshwater mullet fingerlings acclimated to

temperatures indicated. Plotted on arithmetic axes
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Fig.30

Median resistance times to various low temperatures
among freshwater mullet fingerlings acclimated to

temperatures indicated. Plotted on arithmetic x

logarithmic axes






Times to death in various lethal salinities at 35°C
among freshwater mullet fingerlings acclimated to

289C. Plotted on probit x logarithmic axes
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26.25, 18.0, 17.5, 15.0 and 12.5°0 (3) at 35°C are treated
as 1t was done for thermal tolerance (see also 'Methods!'),
The time mortality curves fitted through the plots are
exclusively straight and simple, devoid of split-probits

in any of these curves. The median resistance time with
respect to each lethal salinity could be read from these
curves as in the case of thermal death curves. The morta-
lity in 12.5 and 15.09° (8) was 0% and 10% respectively,

at 35°C and 100% mortality was recorded in 17.5%° (S) and

above (Fig.31). >

The data obtained on median resistance times pertaining to
different lethal Salinity levels at various temperatures
from 17.5 to 35.0°C are summarised in Table XXII. It is
seen that the median resistance times decrease with an
increase in lethal -salinity level and temperature (within

tolerance range). -

The data from Table XXIIare presented on a semilogarithmic
graph in Fig.32, where the median resistance times and their
respective lethal salinity levels have been plotted. The
regression lines fitted through these plots describe the.
salinity resistance of this Species at different temperaf
tures. The two points with arrows next to fhem, pertaining

to 20 and 17.5°C were not considered for the regression



Table

Median resistance

XXII

freshwater at

times

28°C + 1°C

to

exposed to

death among fingerlings

different salinities and temperatures

of R. corsula

acclimated to

Test Median resistance times in minutes and salinity in °/f

Temp.

(oc) 45.00 40.0 35.0 30.0 26.25 25.0 20.0 18.0 17.5 15.0 12.5 10.0
35.0 - 14 19 31 45 - - 85 148 ND ND ND
30.0 - 27 37 46 92 - - 130 ND ND ND ND
26.0 - 29 35 46 - 80 280 ND ND  ND ND ND
20.0 - 43 54 80 - 116 210 - - 1400 ND ND
17.5 47 65 82 108 - 150 300 - - 1800 ND ND

ND = ©No death



Fig.32

Median resistance times to various lethal salini-
ties at test temperatures indicated among fresh-
water mullet acclimated to ambient temperature
28°C. Plotted on arithmetic x logarithmic axes

(see text for explanation)
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‘analysis so as to get a better fitting. Formulae for the
regression lines are given in Table XXII1I. It can be noted
from this figure that the increase in test temperature redu-

ces the salinity resistance of this species.

As in the case of thermal tolerance study, the incipient
lethal salinities have been calculated from the raw data
(appendices from Cel to Ce5) as per the method of Miller
and Tainter (1944) and summarised in Table XXIV. The
incipient lethal salinities are 12.3, 12.%, 17.3, 17.1 and
15.4°/0 (8) at 17.5, 20.0, 26.0, 20.0 and 35.0°C respec-
tively for the freshwater mullet. These values are also
shown graphically in Fig.32 by o broken boundary line which
terminates the regression lines at the lower end; and this
1ine differentiates the zone of tolerance from the lethal

zone.

ii. Other sgecies:

Results of salinity tolerance study of.mrigal,fringe—lipped

carp, common carp and T. mossambica are presented here-

under. Raw data on times to death in minutes of the above
mentioned four species, acclimated to freshwater at 30°C

and tested to various salinities at 30°C are presented in
appendices Cal, Cetl, Cd1 and Cf1 respectively, along with

other relevant details. The raw data of fringe-lipped carp



Table XXIII

Formulae for the regression 1lines describing the salinity resistance
of R. corsula tested to different salinities and temperatures. (x 1is
the salinity in parts per thousand; y is the log time in min)

Test
Temperature Formula

(eC)

35.0 y = 2.7807 - 0.0417 x
30.0 ' y = 2.7599 - 0.0336 x
26.0 y = 3%.2145 - 0.0468 x
20.0 y = 3.6465 - 0.0547 x
17.5 ©y = 3.5590 - 0.0454 x




Table XXIV:

Upper incipient lethal salinity with + one SD for fingerlings of
freshwater mullet, R. corsula acclimated to fresh water at 28°C + 1°C
and exposed to various lethal salinities at different .temperatures

Tempigature Upper incipient lethal salinity 94, (S)
35.0 | 15.35 + 1.2
30.0 17.90 + 0.7
26.0 v 17.22 £ 1.3
20.0 12.25 £ 1.3
7.5 12.25 + 1.3
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acelimated to 59/ (S) at 30°C and tested at the same tempe-
rature to different salinities, are presented in Appendix
Cc2. As an example of these data, the time to death values
from Appendix Cctl and Cc2 of fringe-lipped carp are presented
on a probit chart in Fig.33; The time-mortality curves of
both freshwater (open circles) and salt water (closed cir-
cles) acclimated fish are again straight and simple devoid
of any break in shape as in the case of freshwater mullet.
The median resistance times can be obtained from these cur-
ves as shown in previous cases. T[he positive time—mortality
curves tend to shift towards the time axis as the ‘lethal
salinity level decreases suggesting the increasing salinity

resistance of this species.

The median resistance times obtained by probability analysis
are summarised in Table XXV for all the species including
freshwater mullet (30°C data from Table XXI). The data
indicated by asterisk marks are the values for saltwater
acclimated (5°/° (8) fringe~lipped carp. It is seen from
these data,among the five species mrigal is the least resis-
tant to salinity, whereas the freshwater mullet and Tilapia

mossambica are the highly resistant species and the other

two species are intermediate. The saltwater acclimated
fringe-lipped carp show enhanced salinity resistance, but

there seems to be no change in tolerance level. The data
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Table XXV¥i

Median resistance times to death among fry of carps and T. mossambica acclimated
to freshwater at 30°C + 1°C and tested +to various salinities at 30°C + 1°C. Data

on R. corsula taken from Table XXI

Median resistance times in minutes and salinity in %@

Species — T — . , R : : »
35.00  30.00  26.25 25.00  20.00  18.00 15.00  10.00  5.00
C. mrigala - - S —— 14 - 35 270 3650
L. fimbriatus - - - - 19 - 57 870 ND
- - - 23% 43% - . 88% 1160% ND
C. carpio - 8 - 13 18 - 31 1475 ND
L. mossambica 48 53 - 95 3350 - 5000 10200 ND
R. corsula = 37 46 92 - - 130 ND ND ND
ND = ©No death

* )
Acclimated to 5°/° (S8) at 30°C + 10C
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on median resistance times in Table XX¥ are graphically
presented in Fig.34 on a semilogarithmic graph and regres--
sion lines have been fitted through the plots of indivi-
dual species. The formulae for the regression lines des-

cribing the salinity resistance of carps and T.mossambica

are shown in Table XXVa. The short, steep, negatively sloped

curve of fresh water mullet indicates that this species has

a lower resistance than I. mossambica. Though, Tilapia has

a higher resistance and its tolerance level is about 7°/0 (S)
which is lower than that of freshwater mullet. ng diffe-
rent lines are shown for fringe-lipped carp, one (conti-
nuous line) for freshwater acclimated group and the other
(broken line connecting dots) for saltwater acclimated
group. The space between these two lines indicates the

gain in salinity resistance by this species due to salt-
water acclimation. However, there is no change in tole-
rance level. The incipient lethal salinity levels calcu-
lated are 3.54, 7.07, 8.13 and 7.07 °4°(S) for mrigal,

fringe-lipped carp, common carp and Tilapia mossambica.

The incipient lethal value for the salinity acclimated

fringe-lipped carp is also 7.07°4°(S).



e

Fig.34

Median resistance times to different lethal sali-
nities among the species indicated at ambient tem~
peratures 30°C. Plotted on arithmetic x logarithmic
axes. F.W. fresh water acclimation

H






Table XXVa

Formulae for the regression lines describing the salinity resistance of

C. mrigala, L. fimbriatus, C. carpio and T. mossambica tested to various

salinity concentrations at 30 + 10¢; (x is the salinity in parts per

thousand; y is the log time 1in minutes)

opecies Formulae
C. mrigala y = 3.6352 - 0.1285 X
L. fimbriatus y = 4.4825 - 0.1661 x
* .
y = 3.6470 - 0.0915 X
C. carpio y = 4.1838 - 0.1387 X
T. mossambica y - 5.4628 - 0.1176 X

* .
Formula for salinity acclimated (59 (8) L. fimbriatus
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;iI Salinity effect on thermal resistance

The study of salinity effect on thermal resistance has been
carried out in freshwater mullet alone (Table I). The raw
data obtained on time to death in minutes of freshwater
mullet acclimated to 20, 25, 30 and 35°C and tested at
different salinities (from freshwater to 25°/(S) at 37, 39'
and 41°C (lethal temperatures) are presented in appendices
from Ce6 to Cel3, with other relevant details. As already
done in the preceeding cases these data are treated by
probability analysis. As an example, the data of 200°C
acclimation groups, exposed in lots of various salinities
(freshwater, 3, 5, 7, 10, 12, 15, 18, 20 and 25 °@°€S) at
37°C (lethal temperature) are presented in Fig.35 on a
probit chart. It can be seen from Fig.35 that the median
resistance time of fish exposed to 3, 5, 7, 10 and 12 °/2 (8)
are higher than that of freshwater group (salinity being
non-lethal) and for those salinities above 12 °/° (S) are

lower than that of the freshwater group.

The median resistance times obtained from the time-morta-
lity curves pertaining to different lethal levels of sali-
nity and temperatures of all the four acclimation levels
(20, 25, 30 and 35°C) are summarised in Table XXVI. The

data of 30 and 35°C acclimations were obtained from tests



Fig.35

Times to d-ath in fresh and different salt water
media at lethaltest temperature 37°C among fresh-
water mullet fingerlings acclimated to 20°C.

Plotted on probit x logarithmic axes
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Table XXVI

Median resistance times

acclimated and tested at different lethal tem

to death

among fingerlings

perature and

of freshwater mullet R. corsula

salinity concentrations

Median resistance times in minutes and salinity in %@
Acclima- Test P——
tion Fresi
“emp. (9C) Temp.(°C) 25 20 18 15 12 10 7 5 3 'ﬂaﬁer
35 41 - - - 46 - - 158 - - 104%
39 - - - 700 - - 930 - - 840*
37 - - - 2380 - - 4800 - - 4250*%
30 41 - - - 31 - - 53 - - 38%
39 - - - 385 - - 1475 - - 640%
37 - - - 1880 - - 5950 - - 3000%
25 39 - 14 - 90 470 780 870 570 660 175%
20 37 9 16 53 105 3350 6680 7600 4500 6000 360%

*
Fresh water data taken from thermal

tolerance study
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in freshwater, 7 and 15 o/o (8) at three different_lethal
temperatures i.e. 37, 39 and 4190? The median resistance -
times increase as the salinity decreases down to 7 °/2 (8) and
afterwafds decreases until fresh water level isAreached.-
This indicates that the highest resiétance fo lethal tempe-

rature is exhibited by this species at 7 ofo (8) .

The data on median résistance times from Table XXVI for
ascclimations 20, 25 and 30°C are graphically shown in
Fig.36, 37 and 38 respectively on arithmetic graphs. The
curves fitted through the plots are bimodel, hawipg peaks
at 5 and 7 °/4°(8). In Fig.38, the curves are partially |
shown by broken lines from freshwater level to T o/0 (5) to
ipdicate the bimodel mnature which might havgypeeh.obvious
,if tests could have also been carried out étré °AP(S)Jé§
in the case of 20 and 25°C acclimafions. These three figu—
res show the salinities from 3 to 12 °/° (8) being close %0
isotonic level enhance the resisténce capacity and salini-~
ties above 15 °/°(S) being lethal counter act with lefhal
temperature to speed up mortification. Bimodel resistance
response at 5 and 7 of0 (8) is explaiped in detail under

'Discussion'.

The data on median resistance times from 30 and 3500 accli-

mations also are presented on semilogarithmic graph in



Fig.36

Median resistance times to lethaltest tempera-
ture 37°C in fresh and salt water media among
freshwater mullet fingerlings acclimated to 20°C.

Plotted on arithmetic axes
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Fig.37

Median resistance times to lethaltest tempera-

ture 39°C in fresh and salt water media among

freshwater mullet acclimated to 25°C. Plotted

on arithmetic axes
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Fig.38

Median resistance times to different high lethal tem-
peratures in different salinities among the fresh-
water mullet acclimated to 30°C. Plotted on arith-

metic axes
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Fig.39 where two distinct observations can be made. First
the resistance is high at 7 °/° (S) at all lethal tempera-
tures of both the acclimations. Secondly, the effect of
thermal acclimation is different at the lethal temperatures.
At 41°C, the samples from 35°C acclimated group exhibit
higher resistance at all the three salinity levels (fresh
water, 7 and 15 °/°(S). Whereas at 37 and 39°C the resis-
tance of the 35°C acclimated samples is lower at T °/° (S)
than the 30°C acclimated group. 35°C is very close to the
upper incipient lethal temperature of this.species i.e.,
36.5°C (Table VII) and hence the acclimation at this 'tem-
perature has not effectively enhanced the resistance of

this species at lethal températures below sharp lethal
levels (i.e. 39 and 37°C). In Fig.40, the same data on
median resistance times shown in Fig.39 are plotted against
temperature levels on a semilogarithmic graph and regression
lines are fitted. The continuocus lines belong to 35°C accli-
mation and broken lines belong to 30°C. The curves per-
taining to 15 and 7 °4° (S) of both acclimations fall res-
pectively on the left and right side of the freshwater
curve, which again indicate the higher resistance at 7 %40 (S)
The effect of thermal acclimation can be noted from the |
shifting of the 30°C acclimation curves (freshwater and

7 °4°(S) towards the right at the lower ends in Fig.40.

The formulae for these regression lines are given in

Table XXVII.



Fig.39

Median resistance times to different lethaltest tem-
Peratures in various salinities among freshwater
mullet fingerlings acclimated to 30 ang 35¢0C.

Plotted on arithmetic x logarithmic axes
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Fig.40

Median resistance times to various lethaltest
temperatures indicated in different salinities

" among freshwater mullet acclimated to 30 and

350C. DPlotted on arithmetic x logarithmic axes
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Table XXVII

Formulae for the regression 1lines describing the thermal resistanece at
different salinities of R. corsula acclimated *to 307 and 35°C (x 1is

the temperature in °C; ¥y 18 the log time in min)

Acclimation temperature

Sallmty — Sl 3
(o) : - 300C 3500
15.0 y = 20.0480 - 0.4510 X g = 19.2866 - 0.4253 x
7.0 y = 22.7231 - 0.5085 x g = 18.4927 - 0.3972 x
F.W y = 23.6485 - 0.5372 % y = 19.8178 - 0.4340 %

F.W = Fresh water



liscussion

Thermal Tolerance:

Zones of thermal tolerance ang regsistance:

Temperature response of'organisms, as dealt with in the
earlier teit herein, is divisible into tolerance and resis-
tance; gquantifieqd values of these two physiological para-
meters have been used to describe the thermal characteris.
tics of several fishes by various workers (Fry et al.,
1942, 1946; Doudoroff, 1942, 1945; Brett, 1944, 1952;

Hart, 1952; Charlon, 1968; Ananthakrishnan and Kutty,
1976). Similar descriptions are presented herein for the

five species presently studied.
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In an illustration of the plots of data on tolerance and
resistance of individual species the zones of tflerance

and resistance can be marked out. The zone of thermal tole-
rance (see also 'Materials amnd Methods') is bounded by
upper and lower incipient lethal temperatures for the widest
possible range of temperature acclimation and terminated

by ultimate lethal temperatures (Fry et al., 1942, 1946;
Brett, 1944, 1952; Hart, 1947, 1949, 1952; Cocking, 1959;
Pandian, 1967; Ananthakrishnan and Kutty, 1976). The zone
of resistance is the area surrounding the zone of tolerance,
bounded by the upper and lower incipient lethal tempera-
ture of immediate death as the outer boundary for both

high and low temperatures (Coutant, 1970; Charlon, 1968;
Charlon et al., 1970). Further, the zones of resistance

and tolerance can be summarily divided into 'upper' and
t1ower' zones of resistance and tolerance with the aid of
isotherm-line which is constructed at 45° angle for both'
the axes (Mc Erlean et al., 1969) as has also been shown

in the present study.

The zones of tolerance and resistvance for mrigal, rohu,
fringe-lipped carp, commoen carp and freshwater mullet
based on present data are shown in Figs.41, 42, 43, 44 and

45 respectively. For a general discussion of the common



Fig.41

Zones of thermal tolerance and resistance for

mrigal fry in fresh water (see text for furthe:

explanation)
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Fig.42

Zones of thermal tolerance and resistance for rohu

fry in fresh water
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Fig.43

Zones of thermal tolerance and resistance for

fringe-lipped carp fry in fresh water
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Fig.44

Zones of thermal tolerance and resistance for common

carp fry in fresh water
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Fig.45

zZones of thermal tolerance and resistance for

freshwater mullet fingerlings in fresh water



;7 ‘ | o
4o - .
: M Zem of ru!sunu'r

Temperature -*C

‘ ?‘ ‘ 4

f

Lethat

10k~

' Lttha! | zone

t
I

] o SR

e , |
0 L 10 18 20 5 30 |
‘ Aceumuien ummruure ;

€



features of these illustrations, Fig.41 of mrigal can be -

taken as an example. The polygon which lies inside, bounded

by continuous line connecting open circles, is the area

of tolerance. Since acclimation was not done below 20°C
for common carp (Fig.44) and 15°C for other four species
(Figs.41, 42, 43 and 45) for low temperature experiments
(see also 'Methods'), the tolerance area at low tempera-
tures below 20 and 15°C acclimations for common carp and
other species respectively is shown by extrapolation as
indicated by broken line. 1I% is felt that this extrapola-
tion is acceptable to describe the zone of tolerance of

the species adequately, since the lower incipient lethal

temperatures of all the acclimations almost fall,in a straight

and sloping line, though there could be variations from
this pattern. Further, it appears from the general nature
of the plots shown in Figs.41 to 45, that the limitation
in technique, as pointed out earlier, has not affected the

expression of the zone of tolerance in all the five species.

The outer polygon which surrounds the zone of tolerance,
indicated by the broken line connecting dots, describes
the zone of resistance. It is realised that all area
beyond the tolerance boundary depicts the resistance zone

of the organisms, but beyord a point it would be difficult

€
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- to maintain an observable time component. In view of this
" the boundary for the resistance area in this study was
f£fixed as the curve passing through temperatures which cause
immediate death to the fish exposed as observed from the
experiments. Adoption of this approach of limiting the
resistance area is in agreement with the practice accepted
by earlier workers, Charlon (1968), Charlon et al., (1970)
and Coutant (1970). As pointed out earlier, the 45° iso-
therm-line which runs diagonally through these polygons
in Figs.41 - 45 cuts the zones of resistance and tolerance
into 'upper' and 'lower' zomnes of resistance and tolerance
of the species concerned (Charlon, 1968; Charlon et al.,
1970; McErlean et al., 1969). The areas of the zones of
thermal tolerance and resistance along with the thermal
triangles (upper and lower thermal tolerance areas). in 002
are given in Table XXVIII for all the five species. The
total areas of tolerance are 812, 850, 731, 1075 and 569002
for mrigal, rohu, fringe-lipped carp, common carp and
freshwater mullet respectively. For the same order of
species the respective upper zones of tolerance are 481.0,
525.0, 434.0, 612.5 and 316.0002 and the respective lower
zones of tolerance are 331.0, 325.0, 294.0, 462.5 and
2

25%.0°C”. The total area of the zones of resistance are

{52, 247, 197, 225 and 391°C° for mrigal, rohu, fringe-



Table XXVIII

Zones of thermal resistance, tolerance and triangles for carps
mullet; the difference (excess area) in thermal triangles due to
text) 1in zones of tolerance 18 also given (21l units’  in °oC™)

and freshwater

truncation (see

. Zone of
7one of resistance 70one of tolerance sriangles

Species - Difference
Total Upper Lower Total Upper LOWET Upper Lower

C. nrigala 152 64.5 87.5 812 481.0 331.0 500 %331 19

L. rohita 247 116.0 131.0 850 525.0 325.0 537 325 12

L. fimbriatus 197 75.0 122.0 731 437.0 294.0 462 281 12

C. carpio 225 94.0 131.0 1075 612.5 462 .5 - - -

R. corsula 391 181.0 210.0 569 31%.0 '253°O 331 2673 25
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lipped carp, common carp and freshwater mullet respectively.
The upper zones of resistance are 64.5, 116.0, 75.0, 94.0
and 18100002 and the lower zones of resistance are 87.5,
131.0, 122.0, 131.0 and 21O.O°C2 for mrigal, rohu, fringe-

lipped carp, common carp and freshwater mullet respectively.

These values suggest that the lower zones of resistance
areas are larger than the areas of upper zones of resis-
tance among the species studied. Whereas in the case of
the upper and lower zones of tolerance this phenomenon is
reversed. This inverse relation between the zones ofﬂ
resistance and tolerance is further discussed under 'Eela—

tive tolerance and resistance' (page69 ).

The upper and lower ultimate lethal temperatures obtained
from the thermal tolerance polygons (Figs.41 - 45, see

also 'Methods') of all the five species are given in

Table XXIX. The upper ultimate lethal temperatures (see
'Methods') are 39.4, 39.0, 39.8, 38.5 and 36.3°C for mrigal,
rohu, fringe-lipped carp, common carp and freshwater mullet
respectively and the respective lower ultimate lethal tem-
peratures for the same order of species are 5.5, 3.5, 7.5,

0.0 and 9.0°C. Figure 44, describing the zone of thermal

tolerance for common carp is unique among the species



Table XXIX

Upper and lower ultimate

tolerance polygons

among the

lethal tenperatures derived from

five species investigated

the

thermal

Ultimate lethal temperature -

Species

Upper Lower
¢irrhinus mrigala 39.4 5.5
iabeo rohita 39.0 3.5
e fimbriatus %39.8 7.5
:Gypr.inus carpio 38.5 0.0
Rhinomugil corsula 36.75 - 9.0
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tested; wvhere the extrapolated hrrnken line at low‘temperaw
ture reaches 0°C even at 7°C acclimation level. as pointed
out by Fry (1971), in many freshwater species the ultimate
lower lethal temperature is indeterminate, sirce the fish
can still be active at the freezing point of water. In
the case of common carp, the formation of ice in the outer
medium, or the formation of ice crystals in body fluids
below 0°C may 1limit its'existence, Hence, the lower ulti-
mate lethal temperature for common carp can be taken as
0°C as in the case of goldfish (Fry et al., 1942) and
spring and sockeye salmon (Brett, 1952), Thermal death at
this point needs further exploration covering different
aspects such as the ffeezing of blood (Pott and Morris,

1968).

}Thermal.triangles:

Thermal folerance polygons obtained by plotting acclima-
tion temberatures on X axis and the incipient lethal tempe-
ratures on Y axis are irregular geometric figures. Although
the 'isotherm-line', constructed at 45° in the polygon,
differentiates the upper and lower zones of thermal tole-
rance, it is understood that both are barely séparable from
each other. Presumabiy, the ﬁpper thermal tolerance area

could be estimated by measuring the area bounded by the
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upper incipient lethal temperature plots, the Y axis arnd
the isotherm-line and the rest of the area being the lower
thermal tolerance area (Table XXVIII). However, these |
areas are usually irregular geometric figures.and compu-

tation of these two would still require recourse to plani-

metry or other methods (McErlean gt al., 1969).

McErlean et al., (1969) have given an alternate method for
constructing the zone of upper thermal triangle with the
available limited data. This involves the determination
of the 'difference values' between the incipient lethal
values and acclimation values for different acciimation
temperatures of the species concerned and plotting such
series of 'difference values' against the respective accli-
mation temperatures on ¥ and X axes respectively, as shown
in Fig.46 for mrigal. Now, this results in a regular
triangle and the validity of this method depends upon the
linearity of the 'difference values' obtained. This kind
of upper and lower thermal triangles are shown in Figs.47,
48, 49 for rohu, fringe-lipped carp and freshwater mullet
respectively. Irn the case of common carp the triangles
are not given, the reasons for omifting common carp are
indicated separately below. The areas of upper thermal

triangles are 500, 537, 462 and 331002 and lower thermal



Fig.46

Upper and lower thermal tolerance triangles for
mrigal in fresh water (sece text for further

explanation)
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Fig .47

Upper and lower thermal tolerance triangles

for rohu in fresh water
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Fig.48

Upper and lower thermal tolerance triangles

for fringe-lipped carp in fresh water
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Fig.49

- Upper and lower thermal tolerance triangles for

freshwater mullet in fresh water
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triasrgles are 331, 321, 281 and 263002 for mrigal, rohu,
fringe-lipped carp and freshwater mullet respectively
(Table XXVIII). The areas of both upper and lower thermal
tolerance are expressed as two independent values by these
triangles and in addition, it is also possible to show the
tolerance areas below and above ambient testing level.
Further, it also permits comparison of upper and lower

thermal tolerances among the species.

A possible limitation of this procedure (thermal triangles)
is the over estimation of tolerance areas for species which
have a 'plateau' and a 'floor' (Brett, 1952) in the upper
and lower thermal tolerance levels respectively. In the
present study, the polygon of common carp has a 'floor'

in the lower thermal tolerance level, which does not permit
the cdnstruction of thernmal triéngles accurately. Like-
wise, the other four species have a ‘'plateau'’ in upper
thermal tolerance area due to intolerance to high lethal
temperatures among these species. The 'plateau' in these
polygons is formed by the truncation of the linear extra-
polation of the incipient lethal temperéture values (Brett,
1952; McErlean et gi., 1969; Fry, 1971 and Pers.comm.,) .

In these cases the difference values between the incipient

lethal temperatures and acclimation tenperatures are
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smaller for higher acclimation levels than those for lower
acclimations. The projection of the hypotenuese to the

X axis forms an acute triangle at acclimation levels clearly
outside the usual tolerance limit. Hence, the truncation
shown in the polygons is not accounted in the exfrapolation
of thermal triangles. This phenomenon is inevitable to
construct the triangles and the resultant differences (i.e.,
the excess area in the triangles) due to this phenomenon
are also shown in Table XXVIII for all the four species.

The excess areas indicated are narrow and inspite of this
limitation it would appear that the thermal triangle is a
useful concept especially in view the facility it;gives

in separating upper and lower thermal zones.

Relative tolerance and resistance:

The data on the area of zones of upper and lower thermal
tolerance and resistance in 002 (Table XXVIII) can be fur-
ther made use of by a study of relative tolerance and resis-
tance of the species. The value can be expressed in per-
centage. In this concept the total area of tolerance oOr
resistance is considered as 100% and the fractions of this
total area are the upper and lower thermal tolerance or

resigtance. Thus the formulae used are
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Area of ‘tolerance
(upper or lower)
1 Relative tolerance = x 100
(upper or lower) Area of total tolerance

Area of resistance

(upper or lower) _ y {100

Area of total resistance

2 Relative resistance=
(upper or lower)

These values obtained on relative (percent) tolerance and
resistance could be expected 1O show the difference in
thermal tolerance and resistance areas émong the species
in a uniform scale. The upper and lower relative (percent)
tolerance and resistance for the species presently stu-
died are given in Table XXX. The values for upper rela-
- {ive tolerance are 59, 62, 60, 57 and 55.0 and those for
lower relative tolerance are 41, 33, 40, 43 and 45.0 for
mrigal, rohu, fringe-lipped carp, common carp and fresh-
water mullet respectivelj. The values of upper_relative
resistance are 42, 47, 38, 42 and 46 and those for lower
relative resistance are 58; 53, 62, 58 and 54 for mrigal,

rohu, fringe-lipped carp, common carp and freshwater mullet

respectively.

The relative résistance f£or upper and lower temperatures
indicates that the re lative lower resistance is higher than
the upper resistance unifbrmly for all the five species;

whereas, in tolerance, the upper relative tolerance is highe:



‘able XXX

Jpper and lower relative thermal tolerance and resistance (in %) for the five species pre-

sently studied and the upper and lower relative thermal tolerance (in %) for a tropic, a

subtropic and six temperate species

(see text for further explanation)

Species

Relative tolerance

Relative resistance

Author and year
Upper Lower Upper Lower
Ophiocephalus ananthakrishnan and Xutty,
punciatus 49 51 - - 1976
Carassius auratus 48 52 - - Fry et al., 1942
Ameiurus nebulosus 49 51 - - Brett, 1944
Rutilus rutilus 44 56 - - Cocking, 1959
Oncorhynchus nerka 54 46 - - Brett, 1952
0. tshawytscha 52 " 48 - - Brett, 1952
0. keta 55 45 - - Brett, 1952
0. kisutch 51 49 - - Brett, 1952
Cirrhinus mrigsla 59 41 42 58 Present study
Labeo rohita 62 38 47 53 Present study
L. fimbriatus 60 40 38 - 62 Present study
Cyprinus carpio 57 43 - 42 58 Present study
Rhinomugil corsula 55 45 46 54 Present study




than the lower. This phenomenon indicates an inverse rela-
tion between tolerance and resistance (see also 'zones of
tolerance and resistance' under 'Discussion'). This pheno--
menon, applied to total tolerance and resistance, is mani-
fested markedly by the freshwater mullet, which has a com~
paratively smaller tolerance areas (569002) and a wider resis
tance area (391002); whereas in the case of carps, the zone
of tolerance is much larger than the zone of resistance, as
highly exhibited by cemmon carp (1075 and 225002 reépectivel

see also Table XXVIII). A similar parallel was drawn by

Fry et al., (1942, 1946) for goldfish, Carassius auratus

and Hart (1952) for Bullhead, Ameiurus nebulosus.

Among the very few tropical species subjected to the Study
of thermal response (Allanson and Noble, 1964; Kutty and
Murugapoopathy, 1969; Ananthakrishnan and Kutty, 1974,
1976; Arvanthakrishman and Sreenivasan, 1977), the complete
thermal requirement of the species to the level of 'zone
of thermal tolerance' was not worked out until the wo rk

on Ophiocephalus punctatus by Ananthakrishnan and Kutty

(1976). This air breathing fish has a tolerance area of
410002 which is far less than that obtained for carps and
freshwater mullet in the present study. This information

available on tropical species indicates that the eury-
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thermal carps, namely, mrigal, rohu, fringe-lipped carp ard
common carp, have higher tolerance area than the steno-
thermal freshwater mullet and the air breather 0. punctatus.
Further, this limited comparison among the tropical species
is extended to include subtropical and temperate species
also, not only due to the greater availability of litera-
ture on these species, but also to have further urderstan-
ding on differential responses of a wider spectrum of fish

species.

The 'percent tolerance' caleculation used for the five
species presently studied is applied for six temperate, a
tropical and a subtropical species by measuring their

upper and lower area of tolerance with the aid of planimeter
and their 'relative thermal tolerance' (in %) are also given

in Table XXX. The first four species Ophiocephalus punctatus,

Carassius auratus, Ameiurus nebulosus and Rutilus rutilus

have relative lower thermal tolerance higher than the rela-
tive upper thermal tolerance. But the remaining four species
of Pacific salmon and five species presently studied have
their relative uppervthermal tolerance higher than the

lower thermal tolerance.

As mentioned by Brett (1952), the freezing point of water

1limited the minimum aceclimation to 0°C for Pacific salmons
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which inturn 1iﬁited the area of tolerance and this is

so for the subtropical species like goldfish (Fry et al.,
1942) and common carp (present work) as well (Table XXIX).
However, all the tropical species studied so\far have
minimum acclimations well above 0°C (Ananthakrishnan

and Kutty, 1976; present work); since intolerance to

low temperature results in higher low incipient lethal |
temperatures. As pointed out by Brett (1952), the rela-
tive low values of lower thermal tolerance among the
Pacific salmons are due to their characteristic intole-
rance to low temperatures. This is true for all the
species which have relatively low values of lower thermal
tolerance area, irrespectively whether tropical, subtro-
pical or even temperate. Whereas, this phenomenon is
reversed among the species which have relatively higher
values of lower thermal tolerance, as exhibited by Carassius

auratus, Ameiurus nebulosus, Rutilus rutilus and Ophio-

cephalus punctatus. It is seen from these data that the

.geographic nativity does not seem to have any direct rela-
¢ion to the relative upper and lower thermal tolerance

- anong the species, as also indicated by the data on sub-
tropical goldfish and common carp which have an inverse
relation of upper and lower tolerance levels. In general,

apart frum these comparisons, each species has characte-
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ristic individuality with respect to upper and lower thermal
tolerance which is species specific and can be considered

as genetically controlled.

Proportionate gain or loss in tolerance:

Brett (1944, 1946) and various workers, in particular
Doudoroff (1942) and Cocking (1959) have studied the rate

at which fish adjust their lethal temperature in relation

to a change in acclimation temperature. Following this prin-
ciple, the proportionate gain in high temperature tolerance
and loss in low temperature tolerance, can be calculated,
with respect to every increase in acclimation temperature,
by dividing the difference in high and low lethal levels

due to acclimation, with the difference in respective accli-
mation levels The discussion of the present data has the
limitation of low temperature acclimation as already referrec
to, but it is felt that tn;s limitation does not seriously
affect the trends in results discussed herein. Data on
mrigal afe discussed further, as an example, for computa-

tion.

The lowest and the highest temperatures for which mrigal
were acclimated, are 15 and 38°C respectively and the dif-

ference or increase in acclimation temperature 1s 23°C
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(from 15 to 38°C). The respective high and low incipient
lethal temperatures for the acclimations 38 and 15°C are
39.5 and 35.0°C and the difference in incipient lethal
level is 4.5°(C, Thus, the proportionate gain in hign

4.5
temperature is = —_ = 0.19°C/1°C for mrigal. This

23

value may be treated as an index of the rate of increase
in tolerance for anvelevation of 1°C in acclimation level
Wwith respect to high temperature. For low temperature the
rate of loss in tolerance for every 1°C increase in accli-

mation is 0.46°C (i.e.,10.48/23).

The values on proportionate gain or loss in tolerance for
all the five species presently studied are summarised in
Table XXXI. The proportionate gain in tolerance are 0.19,
0.17, 0.17, 0.21 and 0.21°C/1°C for mrigal, rohu, fringe-
lipped carp, common carp and freshwater mullet respectively
and the proportionate loss in tolerance are C.46, 0.52,
0.44, 0.60 and 0.45°C/1°C for the same order of species.
As indicated by Fry (1971), typically the upper incipient
lethal temperature changes-approximately 1°C for a 3°(
change in acclimation temperature for several species
(Brett, 1944, 1946; Doudoroff, 1942). The lower incipient

lethal shows a somewhat greater response, usually shifting
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Table XXXI

Proportiorate gain or loss in tolerance per degree centigrade raise in acclimation tempe--
rature among the four species of carp fry and fingerlings of freshwater mullet acclimated
and tested to various temperatures

Proportionate Proportionate

Species _ Ipcregse in Increaselin Decrease in gain in loss in

Acclimation Temp. tolerance tolerance tolerance tolerance
(v¢) (°C) (oC) (°0/1°¢) (0C/1°C)

Temperature High Low High Low High Low

C. mrigala 23 23 4.52 10.48 0.19 0.46

L. rohita ' 23 20 3.99 10.46 0.17 0.52

L. fimbriatus 23 23 3.96 10.09 0.17 0.44

C. carpio 20 15 4.20 9.03% 0.21 0.60

R. corsula 20 20 4.25 9.00 0.21 0.45
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1°C for about 2°C change in acclimation temperature. The
present data (Table XXXI) indicate that the change in lower
incipient lethal temperatures apparently fall in line with
above rate i.e. 1°C change for every 2°C change in acclima.-
tior level; whereas the upper incipient lethals approxima-
tely show a change of 1°C for about 5°C increase in accli-
mation temperature. Further, these values indicate that
common carp exhibits the highest proportion of gain and
loss in high and low temperatures and the values are 0,21
and 0.6°C/1°C respectively; whereas fringe-lipped carp

has the lowest proportion of gain and loss i.e. 0.17 and
0.44°C/10¢ respectively. The difference in proportionate
gain in tolerance among the five species is not marked in
high temperature; whereas in low temperature the di fference
among the species in proportionate loss is comparatively
high. As already mentioned, the highest proportion of loss
is exhibited by common carp followed by rohu and the lowest

value by fringe-lipped carp.

Thys in agreement with earlier workers (Brett, 1944, 1946;
Fry, 1971) present results also show that the proportionate
loss at low temperature is higher than the proportionate
&ain at high £éﬁperatures uniformly among the five Species

studied. This higher response at low temperature is due
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to high intolerance to low temperature when compared to
their better tolerance to high temperature among the spe-
cies. As it is pointed out by Brett (1946) in goldfish,
the upper lethal temperature is adjusted within a day when
they are shifted from 20 to 28°C, while the shift from 24
to 16°C requires over 2 weeks for the reciprocal adjust-

ment in Pimphales promelas (Brett, 1944). Yurther, as

discussed by Fry (1971), it is not likely that these dif-
ferences are the result of different species being used by
the worker. Thus it appears that all the species have an
innate, characteristic intolerance towards low temperatures
and hence the consequent high proportionate values in low

temperature response.

Comparison of thermal tolerance:

As pointed out earlier (see also 'Methods') the upper and
lower incipient lethal  values are the measure of tolerance
level of the species concerned; since, these data are the
basic requisite for the construction of thermal polygon
which defines thermal tolerance graphically. Further, thes
data can be subjected to statistical analyses (see also
'Data analysis' under 'Methods') and the products of these
analyses may be expected to define the significance of

thermal tolerance among the species studied. In the presen



to high intolerance to low Temperature when compared to
their better tolerance to high temperature among the spe-
cies. As it is pointed out by Brett (1946) in goldfish,
the upper lethal temperature is adjusted within a day when
they are shifted from 20 to 28°C, while the shift from 24
to 16°C requires over 2 weekg for the reciprocal adjust-

ment in Pimphales promelas (Brett, 1944). <Yurther, as

discussed by Fry (1971), it is not likely that these dif-
ferences are the result of different species being used by
the worker. Thus it appears that all the species h@mve an
innate, characteristic intolerance tovards low temperatures
and hence the consequent high proportionate values in low

temperature response.

Comparison of thermal tolerance:

As pointed out earlier (see also 'Methods') the upper and
lower incipient lethal wvalues are the measure of tolerance
level of the species concerned; since, these data are the
basic requisite for the construction of thermal polygon
which defines thermal tolerance graphically. Further, thege
data can be subjected to statistical analyses (see also
'Data analysis' under 'Methods') and the products of these
analyses may be expected to define the significance of

thermal tolerance among the species studied. In the present
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work, the upper and lower incipient lethal levels of all

+the five species have been subjected to analysis of variance
and the results are summarised in Table XXxXII. The &alues .
of 'F' ratio from this Table indicate 2 highly significant -
difference (P=<0.01) in tolerance among the species at both |
the treatments i.e., between species and between acclima-
tions. Tables XXXIII and XXXIV constitute the breakdown

of significant difference in upper and lower incipient lethal
tamperatures respectively, between species to single degree )
of freedom and a comparison for significance with respec-
tive error terms and degrees of freedom. The 'F' ratio
values obtained by fhis orthogonal comparison, on the inci-
pient lethals indicate a highly significant difference  +
among the species at all the four orders of comparisons. -
This high significance (P<0.01) may be taken as one of

the important index to conclude that the tclerance to high

and low temperatures is species specific.

The estimated area of thermal tolerance for the five species
studied indicate that the common carp has the largest tolg-
rance area of 1075°C2 which is close to that of goldfish
ith an area of 1220°C° (Fry et al., 1942). In the case

of other three carps, mrigal, rohu, and fringe-lipped carp

the areas of tolerance are comparatively larger (812, 850
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Results from analysis of variance of incipient lethal temperatures of different accli-
mation for +the five species
Incipient Sum Degrees Value Value Value
lethal S pecies of of Variance of for for

Temperature . squares freedom F.ratio F=0.05 F=0.01

between specles 2%.27 4 5.817 54 ,88%% 3, 01 4.77

(C,mo,L.r.,Lofo,C.c.,R.cu,)

Between acclimations 57.22 4 14.304 134, 94%% 3.01 4.77
Upper (15, 20, 25, 30, 35°C)

Species x acclimations 1.70 16 0.106

{(error)

Total 82.19 24

Between species 48.94 4 12.24 36.,34%% 3.26 5.41

(C.m.,L.r.,L.f.,C.c.,R.c.,) .

Between acclimations 161.98 3 5%.993 160.38*%  3.49 5.95
Lower (20, 25, 30, 35°C)

Species x acclimations 4.04 12 0.337

(error)

T ot al 214 .96 19

¥* % :
Highly significant C.m. = Cirrhinus mrigala; L.r. = Labeo rohita;
L.f. = Labeo fimbriatus ; C.c. = Cyprimus carpio;
R.c

Rhinomugil corsula




Table XXXIIT

Comparison petweed each gpecies of = carps and freshwater mulle®t acclimated and

tested 1O various yemperatures. This constitutes the preakdown of significant

gifference in upper ipcipient lethal temperatures between species to single

degree ~of freedom and & comparison for sigmificance with ©The error term, 0.106

' A}

with 16 degrees of freedon recorded ijn Table XXXIT
Comparison (Orthogonal) veriance I ratio & (P 0.05) ¥ (p =0 01)
1 (C mrigala-b gohlta)—(g carpio—R.corsu;g) 1411 1%3.13%% 4.49 8.53%
2 (g.gg;gala—gngohitg - ga_ggg;g—g.g_;sula) ~ 4.00 77 .T3** 4 .49 8.5%
4 Lofimbriatug)
3 (gomrigiyig.garpio)w(g.rohitawR.corsula) 3,70 34.88** 4 .49 8.5%
4 (g.mriga;geg.corsu}g)—(g,rohigg—g.carpio) 1.46 15.75%% 4 .49 8.53

_.____,__——"____.—-——-,——- ____._———-—'__,._——-——._—_____,_-———‘—“»._—-__—____-—-_,_———

EY

*%
Highly Significant



Table XXXIV

Comparison between each species of carps and freshwater mullet for 1lower incipient
lethal +temperatures. This constitutes the results of the treatment as shown in
Table XXXI1II with comparison with error term, 0.337 with 12 degrees of freedom
recorded in Table XXXI1

Comparison (0rthogonal) Varience F. ratio F (p =0.05) F (F= 0.01)
1 (Q,mrigala—g.rohita)-(g.carpio—g.corsula) 15,21 450 7% 4.75 9.3% *
2 (9.mrigala~g.rohita)—(Q.carg;gfg.ggrsulg) - 8.9  24.3%%* 4.75 9.3%

(4 L.fimbriatus)

3 (g.gggggég—g.cargio)—(E.rohita—g.corsula) 15.62  46.39%% 4.75 9.3%3
4 (g.mrigalamg.corsula)»(Q.rohita—g.carpio) 9.92  29.4T** 4075 9.33

* %
Highly significant




and 731902 respectively) than that of the freshwater mullet

(569°C2) but smaller than that of the common carp.

Zones of thermal tolerance have been worked out by various
workers more for temperate and subtropical species (Fry |
et al., 1942, 1946; Brett, 1944, 1952; Hart, 1947, 1952,
Cocking, 1959; Hoff and Westman, 1966; Somero and DeVries,
1967) than for tropical ones (Ananthakrishnan and Kutty,
1976). Among these workers Hoff and Westmann (1966) recor-

ded an area of 715°C2 for Menidia menidia, a temperate

species from Atlantic coast where the natural water tempe-

rature ranged from O to 32.5°C. Whereas Somero and DeVries

2

(1967) have recorded an area of only 100°C™ for Trematonus

sp. from polar region (Antarctic) where the natural water

temperature ranged from -3 to 50C only. Among these two,

the temperate Menidia mewidia has been designated as 'Bury -

thermal' and the Antarctic Trematomus sp. as 'Stenothermal’,

since the former has comparatively wider tolerance area
than the latter (Brett, 1970). In the present study, as
already mentioned, the freshwater mullet has the lowest
area of tolerance (569002) which is close to that of Ophio-
cephalus punctatus (Ananthakrishnan and Kutty, 1976)

with an area of 410002 and the carps have comparatively

larger area of tolerance. As per the above mentioned dise

tinction, the carps can be termed as 'eurythermal' and
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the freshwater mulliet as tatenothermal’ with respect to

thermal tolerance.

Comparison of thermal resistance:

The source of variability among the population of experi-
mental animals cal roughly be divided into controlled and
uncontrolled, as pointed out by Brett (1952) . The con-
trolled variables are acclimation.temperature, lethal tem-
perature and diet. The uncontrolled variables are S€X, size
and age. The experimental animals were fry and fingerlings
and it was impossible to determine the sex readily. Sex
difference on thermal tolerance nas rarely been demonstra-
ted even in mature fish (Hart, 1949), but cibson (1954)

has indicated a possible sex factor, put possibly in the
early 1life stage in which the present tests are made 8eX

may not have influenced the results.

Jize difference has usually been associated with age dif-
ference and these influences were notb analysed. Lack of
any influence of size has been reported 1in the majority of
experimenxal gtudies where high lethal temperatures have
peen determined (Tsukuda, 1960; Timet, 1963%; Lewis, 1965).
However, Brawn.(1960) noted larger ipdividuvals being more

susceptible than smalleTr ones and Spass (1960) an increase
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in the high lethal temperatures of % species of Salmonidae.
Brett (1952) reported a greater susceptibility at low tem-
perature among the smaller fish, Pacific salmon.(ggggggzg—
gggg) and not for high temperature . In the present work a
preliminary rapdom survey by scatter diagran analysis sug-~
gesteé.a possible absence of size effect within the size

range studied among 511 the five species.

The uncontrolled variables apart from those mentioned ear-
1ier are grouped as ‘error' components. The smaller the
error, the greater the chance for detecting thé differences
which might otherwise be maéked by contaminating effects.
Under this condition, the method of analysis of variance
and the experimental design greatly help in making a C O~
parison among the species (Yates, 1937; Fisher, 1945, 1948;
gpedecor, 1967 and Brett, 1952). tince, almost the same
acclimation and lethal test temperatures were used for each
species, it is possible ©O consider the data for the fol-
lowing relations and the differences exhibited thereby,

as indicated below:

1 Species X lethals for three jevels of acclimations i.€ .4y
25, 30 and 350C, The results from three analyses of varianc
of resistance times (logarithms) to various high lethal

temperatures among carps and freghwater mullet are summa-
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rised in Table XXXV. The results indicate a highly signi-
ficant response between lethals (P <t0.01). At a lower
level of acclimation for a comparable treatment of species
the difference is more distinct. Whereas in between
species the difference is not significant at higher accli-
mation levels i.e., 30 and 35°C (P<0.05). On the other-
hand, the difference between species and lethals at 25¢C
acclimation is highly significant (P <0.01). Figure 50
displays the comparative thermal resistance curves to high
lethal temperatures for carps and freshwater mullet accli-
mated to 25 and 35°C, which can be expected to illustrate
the above mentioned relation. A further analysis to deter-
mine which species are contributing to the difference 1is

considered later.

2 Species x acclimations for two levels of lethal tempe-
ratures. The results from analysis of variance for all
the five species acclimated to 25, 30 and 35°C and tested
at 39.0 ard 39.5°C are presented in Table XXXVI. It can
be inferred from these results thét there is no signifi-
cunt difference between species at 39.0 and 39.5°C, but
there is significant difference (P <0.05) between acclima-
tione at 39.0°C and a highly significant difference

(P <0.01) at 39.5°C.



Table XXXV

Results from analysis of variance of resistance times (logarithms) to various high

temperatures among carps and freshwater mullet acclimated to

different temperatures

) o Degrees Value Value Value
%gg%l. Comparison :ugargg of Variance of for for
' 4 freedomn F.ratio F=0.05 F=0.01"
»
Between species
(¢.m., L.r., L.f., C.c., R.c.,) 5%.7057 4 13.4264 1.46 3.01 4.77
Between lethals
3500 (%39.5, 40.0, 41.0, 40.5, 42.0°C) 1161.6670 4 290.4168 31.53%% 3,01 4.77
Species x lethals
(error) 147.4800 16 9.2100
Total 1362.8527 24

~ranmtd ...




Table

XXXV contd . . .

‘Between species

(¢.m., L.r., L.f., C.c., R.c.,) 35.1888 4 8.7972 1.22 3.01 4.77
Between lethals |
308C (%39.0, 39.5, 40.0, 40.5, 41.0°C) 1119.6028 4 279.9007 38.68%* 3,01 4.77.
Species x lethals : v
(error) 115.7698 16 7.2356
Total 1270.5614 24
Between species
(¢.m., L.r., C.c., L.f., R.c.,) 230.3245 4 57.5811 56.40**% 3.84 T7.01
Between lethals
250¢  (38.5, 39.0, 39.5°C) 152.6827 2 76.3414 T4.77T**  4.46 8.65
Species x 1lethals
(error) ) 8.2399 8 1.0210
Total 391 .2471 14
> Highly significant ¢.m. = Cirrhinus mrigala; L.r. = Labeo rohita;
L.f. = Labeo fimbriatus ; C.c. = Cyprinus carpio;
R.c. =

Rhinomugil corsula




Fig.50

Comparative median resistance times to high tem-

peratures among the fishes acclimated to 25 and

30°C. Plotted on arithmetic x logarithmic axes
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- Table XXXVI

~

Results from analysis of variance of resistance times (logarithms) for carps and
freshwater mullet acclimated to 25, 30 and %5°C and tested at 39.5 and 39.0°C
< Degrees
%ethal Gomparison Sum of of Variance Yalue of Value for Value for
emp. squares e..cdom ¥, ratio F. 0.05 F = 0.01
Bet&een.species :
(Com.,L,r.,L.f.,C.cu,R,c.,) 80.3310 4 20.0828 2.31 3. 84 7.01
g SOCBetween acclimations ‘ ®
’ (25, 30, 35°C) 1168.2314 2 584 .1157 6T7.16%% 4.46 8.65
Species x acclimations
(error) 69.58%6 8 8.6980
T ot al 1318.1460 14
Between species
(L.f.,C.c.,R.c.,) 81.1475 2 40.5738 1.98 6.94 18.00
Between acclimations
%9.0°C (25, 30, 35°C) 394.6495 2 197.5248 9.65% 6.94 18.00
Species x acclimations
(error) 81 .8327 4 20.4582
T ot al 557.6297 8
* Significant -~ Cirrhinus mrigala; L.r. = Labeo rohita,

]

¥ Highly significant

k]

i

If

Labeo fimbriatus ;

Rhinomugil corsula

C.c.

Il

Cyprinus carpio;




83

3 Lethals x acclimations for 511 the five species studied.
The results of all these five analyses of variance are sum-
marised in Table XXXVII. Briefly, these results confirm
what has already peen stated. Temperatures of both acclima-
tion and lethal levels have a highly significant effect on
resistance in 'each' of these species. The former two
Tables (Tables XXXV and XXXVI) are only applicable to the
'group' as a whole. All the five species are highly signi-
ficant between acclimations and lethals except for one
species, fringe-lipped carp which does not show (P<-.0.09)
the same degree of significance between acclimétions as the

others (P <0.01).

In the second order of comparison, the total variance, 1.€.;
sum of sguares (see also ‘Data analysis' under ‘Methods')
pertaining to four degrees of freedom from Table XXXV have
been broken down to allot a particular amount of variation
to each degree of freedom. These values may be considered
to assist in each independent comparison {(orthogorml compa-
rison). As in the case of earlier studies (Brett, 1952),
the difference in temperature response among the species
studied resulted in the use of different lethal limits of
temperatures to a considerable extent to connect the cases

from non-lethal to fairly rapid lethality and this factor



Table XXXVII _
to various

Results from analysis of variance of resistance times (logarithms)
test temperatures at different acclimations fer four species of carps and fres
mullet
3 3 Degrees Value Value
.F
Species Comparison Sum -.of of Variance of for
squares ... dom F.ratio F=0.05
Between lethals
(39.5, 40.0, 40.5, 41.0°C) 463.1686 3 154.3895  23.35%* 4.76
Between acclimations
C.mrigals (30, 35, 38°C) 213.4926 2 106.7463  16.,14%x 5.14
- — Lethals x acclimations
(error) 39.6727 6 6.6121
T otal 716.3339 11
Between lethals
(39.5, 40.0, 40.§, 41.0°C}) .. 578.4127 3 192.8042  24.61%* 4.76
Between acclimations
L.rohita (30, 35, 38°C) 269.4494 2 134.7247 29.47** 5.14
- ~ Lethals x acclimations
47.0106 6 7.8351

(error)



SORE

Between lethals

Highly significant

(%39.0,3%9.5,40.0,40.5,41.0°C)  521.6700 4 130.4175 9.63%* 3.84 7.01
Between acclimations ‘
R . o} *
L.fimbristus (30, 35, 38°C) 200.2870 2 100.1435 7.39 4.46 8.65
Lethals x acclimations
(error) 108.3870 8 13.5484
T ot al 830.3440 14
Between lethals
(38.5, 39.0, 39.5°C) 45.0033 2 22,5017 315.04*% 6.94 18.00
Bepween acclimations ‘
C.carpio (27 30, 35°C) 784.7293 2 392.3647 5493.38%%  6.94  18.00
- ~ Lethals x acclimations 0.2854 4 0.0714
(error)
T ot a-l 830 .0180 8
Between lethals 482 .1060 5 96.4212 41 .58%* %5.33 5.64
(37.0,38.0,38.5,39.0,39.5,
40.0°C) .
Between acclimations 50.9400 2 25.4700 10.98%%* 4.10 7.56
> "2 0
K.corsula (25, 30, 35°C) |
Lethals ~%7 acclimations ‘
(error) 2%1.8980 10 2.3190
T otal 764.9440 17
*
Significant
* %
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reduced these v.olues for uniform comparison below a feasi-

ble quantum in present work.

The results obtained by these analyseg concerning species X
lethals for gqeclimation 25, 30 and 3500 are summarised in
Tables XXXVIII, XXXIX and XL respectively for orthogonal
comparison. The values, for non-orthogonal comparison,
obtained from variance analyses are summarised in Tables
XXXVIIJIa, XXXIXa and Lla for acclimations 25, 30 and 35°C
reSpectivel§. The results obtained on orthogonal and non-
orthogonal comparison from these six Tables permit to make

the following conclusicns:

a. No significant difference in response 1O upper lethal
temperatures exists between all the five species at any
level of comparison for higher acelimations of 30 and 35°C

(Tables XXXIX, XXXIXa, XL and XLa).

b° There are significant dif ferences in response among

the species at 25°C acclimation level (Tables XXXVIII and
XXXVIIIa). The orthogonal comparison.éhownAin Table XXXVIIT
indicates a highly significant difference (P <0.01) as

shown by the four different comparative combinations amoﬁg,
the five species studied. In the non-orthogonal comparison

(Table XXXVIIIa), mrigal exhibits a moderately significant



Table XXXVIII

Comparison between each species of carps and freshwater mullet acclimated *to
250C gand subjected to vwvarious lethal test temperatures from 38.5 to 39.5°C.
This constitutes a breakdown of the significant difference between species to
single degree of freedom and a comparison for significance with the error
térm 1.021, with 8 degrees of freedom, recorded in Table XXXV

ratio F (P = 0.05) F (P = 0.01)

Comparison (Orthogonal) Variance F.
1 (C.mrigala-L.rohita)-(C.c rpio-R.corsula) 13.82  13.53%* 5.32 11.26
2 (C.mprigala-L.rohita - C.carpio-R.corsula) 20.77 26.22%% 5.32 11.26

(4 L.fimbriatus)

3 (gomrigala—g,carpio)-(E.rohita—R.corsula)149.31 146.24%* 5.32 11.26

4 (Q.mrigalamg.corsula)f(g.rohita—g.carpio) 40.52 3G, 60%% 5.%2 11.26

* % .
Highly significant



able XXXVIIla

omparison between each species of carps and freshwater mullet acclimated 1o
50C and subjected to various high lethal temperatures. This constitute a
yreakdown of the significant difference between species *to single degree of
"recdom and a comparison for significance with the error term 1.021 with 8

legrees of freedom recorded in Table XXXV

Comparison (non-orthogonal) Variance F. ratio F (P = 0.05) F (P = 0.01)
1 (g,mrigala - E,rohita) 10.2785 10.06* 5.3%2 11.26
2 (C.mrigala - L.rohita) - 23,3062  22.83%* 5.32 11.26

(2 L. fimbriatus)

3 (C. carpio - K. ggrsula) - 6.13473 6.01% 5.32 11.26
(2 L. fimbriatus)

4 (C.carpio - g.oorsulg) 103.6203 101 .49** 5.%2 11.26

*
Significant




Table XZXIX

Comparison betweén each species of carps and freshwater mullet acclimated to
300C and subjected to various lethal test temperatures from 39 to 41°C. This
constitutes a Dbreakdown of the significant difference between species to single
degree of freedom and a comparison for significance with the error temm

7.2%356 with 16 degrees of freedom Trecorded in Table XXXV

Comparison (Orthogonal) Variance F. ratio ¥ (P = 0.05) F (P = 0.01)
1 (g.mrigalawg.rohita)—(g.carpio—g.corsula) 16.81 2.3%2 4.49 8.53
2 (Q.mrigala-g.rohita,“‘g.carpio-g.corsula) 16.57 2.29 4.49 8.53

(4 L. fimbriatus)

3 (gcmrigalamg.carpio)~(£.rohita—§.corsula) 01.79 0.25 4.49 8.5%

4

4 (g.mrigala-ﬁ.corsula)m(g.rohita—g.carpio) 00.02 0.00 4.49 8.53




Table XXXIXa

Comparison between each species of carps and freshwater mullet acclimated to
30°C and subjected to various high lethal temperatures. This constitutes a
breakdown of +the significant difference between species to single degree of
freedom and a comparison for significance with the error term 7.2356 with
16 degrees of freedom recorded in Table XXXV

Comparison (non-orthogonal)  Variance #. ratio F (P = 0.05) F (P =0.01)
1 (C.mrigala - L.rohita) 1.1064 0.1529 4.49 8.53
2 (C.mrigala - L.rohita) - 4.1688 0.5762 4.49 . 8.53

(2 L. fimbriatus)

%5 (C.carpio - 5.99;59;3) - 29.0439 4.0140 4.49 8.53
(2 L. fimbriatus)

4 (C.carpio - R. Eorsuég) 0.7080 “ 0.0979 4.49 8.53




Table XL

Comparison between each species of carps and freshwater mullet acclimated to
350C and subjected to various 1lethal +test +temperatures from 3%9.5 to 42°C.

This constitutes a Dbreakdown of the significant difference between species +to
single degree of freedom and a comparison for significance with +the error
term 9.21 with 16 degrees of freedom vrecorded in Table XXXV

Comparison (orthogonal) Variance . ratio F (P # 0.05) F (P =.0.01)
1 (C.mrigala-L.rohita)-(C.carpio-R.corsula) 32.39 3.52 4.49 8.53
2 (C.mrigala-L.rohita - C.carpio-R.corsula)- 19.12 2.08 4.49 8.53

(4 L.fimbriatus)

3 (C.mrigala-C.carpio)-(L.rohita-R.corsula) 1.81 0.20 4.49 8.53

4 (Q.mrigala—g.corsula)—(Q.rohita—g.carpio) 0.38 0.04 4.49 8.53




Table XLa

Comparisons between each species of carps and freshwater mullet acclimated to
350C and subjected to various high 1lethal temperatures. This constitutes a
obreakdown of the significant difference between species to single degree of
freedom and a comparison for significance with +the error term 9.21 with 16
degrees of freedom recorded in Table XXXV

Comparison (non-orthogonal) Variance F. ratio P (P = 0.05) F (P = 0.01)
{ (C.mrigala - L.rohita) 1.9278  0.2093 4.49 8.5%
2 (C.mrigala - L.rohita) - 2.7829 0.3022 4.49 8.5%

(2 L.fimbriatus)

3 (C.carpio - R.corsula) - 39.8820 4.%300 4.49 8.53%
(2 ‘L.fimbriatus)

4 (C.carpio - R.corsula) 0.2651 0.0288 4.49 8.53

Iy
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difference (P <0.0%) in response from rohu; whereas common
carp shows a highly significant difference (P-40.01)'from
freshwater mullet. Further, the common carp and freshwater
mullet exhibit a barely significant difference in response
from fringe-lipped carp (F<0.05); but mrigal and rohu show
a highly significant difference (P<50.01) from fringe-lipped
carp. As already indicated, the regression curves pertai-
ning to resistance response of all the species, for 25
(broken lines) and 35°C acclimations (continuous lines)
shoWn in Fig.50 may be expected to illustrate the above

mentioned points.

As for the resistance times to low lethal temperatures no
systematic analysis of the data is possible due to the lack
of consistency in response to low temperatures, as has also
been observed in the case of Pacific salmons (Brett, 1952).
The differences in low temperature response among the
species resulted in the use of different lethal levels of
low temperatures, to link the cases from non-lethal to
fairly sharp lethality. This factor formed further limita-
tion for the analysis of the data on low temperature. The
regression curves pertaining to resistance response of all
the species acclimated to 25 (broken lines) and 35°C (con-
tinuous lines) are collectively given in Fig.51 and this

graphic presentation may give a general idea in place of



Fig.51
Comparative median resistance times to low lethal

temperatures among the species shown, acclimated
to 25 and 30°C. Plotted on arithmetic x logarithmic

axes
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the statistical analysis in understanding the differential
response of the species studied to 2 certain extent. It

is seen from this figure, that the curves of the three tro-
pical carps, mrigal, rohu and fringe~lipped carp lie close
to each other and £211 above the curves of freshwater pullet
and common carp at both the acolimationAlevels, The curves
of common carp occupy the base and just above this lie the
curves of freshwater mulled. Apparently, there does not
seem to exist a differential response at low tbemperatures,
as in the case of high temperatures (see Pig 50 and Table
XXXv). Further, 1t ijs seen from Fig.51 the resistance cur-
ves of éommon.carp and freshwater mullet look distinctly
different from the other three tropical carps. These dif-
ferences in the response Curves of all the species studied
may be taken as the index of their differential response to

low lethal temperatures.

Exposure time apd lethal temperatures:

Various reports on functiomnal responses to extremes of tem=-
peratures have been summarised DY Heilbrunn (1943), Altman
ond Dittmer (1966), Charlon (1968), Brett (1970) and Fry
(1971) . Among them, Heilbrunn, as early as in 194%, pointed
out the importance of the time factor when measuring heat

or cold death. Subsequently, Brett (19%52) indicated that
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the measure of threshold level of temperature pelow or above
which an organism either 1lives Or dies alone will not explaiy
the thermal relation vividly. whereas the outcome of both tem-
perature and exposure time gives a o ear insight into this

field.

As the lethal level of tenperature is lowered in high tempe-
rature Or increased in 1low btemperature there 1is 2a characte~
ristic rate of nortification (Fry et al., 1946) which may be
jpfluenced to a considerable extent by acclimationd‘ This
rate of mortificationibeoomes zero at a particular threshold
level if the experiment is continued for 2 jonger time dura-
tion with the view to consider the time factor. Mortality,
due to temperature as 2 primary cause, may not be present

beyond this threshold level.

Ipn the present work, as pointed out earlier (see "Methods"')
a period of 10,000 min in high tenperature experiments and
8,500 min in low temperature levels wWere found to be suffi-
cient to indicate the threshold levels where the mortality
would be 2zZero. As already mentioned ip 'Methods’ various
workers have used different exposure times. Initially,
Doudoroff (1945) raised the question whether & 14 hr peric
is of sufficient jength toO give a measure ©of thermal ﬁole~

rance . Subsequently, FTy et al.» (1946) have discussed



Fig.52

Times to death at various high lethaltest tempersa -
tures among mrigal fry acclimated to 25°C. Plotted

on probit x logarithmic axes
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the time of exposure (in the appendix of their paper) with
the data on goldfish (Fry, Brett and Clawson, 1942) and
nave concluded that the 14 hr period was ample. Brett
(1944) shortened this period to 12 hrs, but subsequently
he has conducted experiments for Pacific salmons as 1long
as seven days {10,000 min) for high temperatures and S,OSO
min for low temperatures (Brett, 1952). Allen and Strawn
(1968) accept heat death as being complete by 20,000 min
although the fish were apparently mot aﬁle to live indefi-
nitely beyond that period since their food intake could
not meet their maintenance requirements. Hoﬁever, the
mortality among the sample due to temperature as the primar;]

cause ceases after a particular period of resistance time

in many animals.

In the present study, the resistance response of‘carps
acclimated to high temperatures (i.e., 30, 25 and 38°C)
and testéd to high lethal temperatures indicates the pre-
sence of mortality among the samples as long as 10,000
min. This can be seen from Fig.52 shown as an example,
which presents the data of mrigal acclimated to 30°C and
tested to various high lethal temperatures (see also
Appendices from Aal to AdS). Whereas for lower acclima~-

+ijons (i.e., 15, 20 and 250C) the data indicate the
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absence of mortality among the lots even before 1000 min
though the experiments were continued upto 10,000 min snd
Fig.53 presented as an example illustrates this response
with the data of mrigal acclimated to 25°C (see also Appen-
dices from Aal to Ad5). 1In the case of freshwater millet,
unlike in carps, the response is almost uniform, which i;
indicated by the presence of nmortality upto 10,000 min irres-
pective of the acclimation level. Figures 54 and 55 per-
taining to 25 and 30°C acclimated mullet respectively illus-
trate this phenomenon (see also Appendices from Ael to Ae5).
The former phenomenon exhibited by the carps resultsin the
entry into the zone of tolerance at lower aceclimation tempe
ratures and in a lower exposure time and has been re ported

to be present among Girella nigricans and Furdulus parvi-

pinnis (Doudoroff, 1942, 1945), Salvellimus fontinalis and

Carassiug auratus (Fry et al., 1946, 1942). As cbvious

from above phenomenon, the effective duration of the resis-
tance time at a given lethal temperature depends on the

thermal .history of the fish; a precise knowledge of which
is most essential for urderstaming thermal performance of

fish.

The range of temperature within which no more death are

likely to occur could be inferred from the figures of zomnes

of thermal tolerance for the five species studied (see



Fig.5%

Times to death at various high lethaltest tem-
peratures among mrigal fry acclimated to 300°C.

rlotted on probit x logarithmic axes
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Fig.54
Timnes to death at various high lethaltest tempe-

ratures among freshwater mullet fingerlings

acclimated to 30°C. Plotted on probit x logari-

thmic axes
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Fig.55

Times to death at various high lethaltest tempex
ratures among freshwater mullet fingerlings accli-
mated to 25°C, Plotted on probit x logarithmic

axesg
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Figs. 41 to 45). As an example, among mrigal, tempera-
tures between 20 to 32°C are unlikely to cause death, no
matter ﬁnat the acclimation, nor what the exposure time.
To determine the incipient lethal temperatures for mrigal
the exposure time should sufficiently be longer when tests
are performed above 32 and below 20°C. Thigs applies also
for other species with their respective tolerance limits.
On the other hand, if the tests woula have not been conti-
nued beyond one day (i.e., 24 hrs) for both high and low
lethal levels a different series of incipient lethal tempe-
ratures would have bound the zone of tolerance. This would
result in a larger area of tolerance due to the addition

of a considerable area from the zone of resistance (Fry,
1971). Brett (1970) in his review has presented a table

of values for adjusting the incipient lethal temperatures

to a 72 hr exposure time to ensure = uniform comparison among
the studies. Thus the significance of exposure time in

determining the incipient lethal level is emphasised.

Mixed lethal effect:

The sigmoid curves obtained on the raw data (time to death)
of most of tne high temperature are not found to occur when
the data of almost all low temperature experiments are trea-

ted similarly (see also 'Method' and 'Results'). Further
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anzlysis of the same data on probit chart olearly indicates
the presence of two distinct rates of mortification, an
initial rapid and a delayed one among all the five species
studied. This phenomenon of 'mixed iethal effect' has
already been reported by earlier workers also for Girella
nigricans (Doudoroff, 1942) and for Pacific salmons (Brett,
1952) end has been referred to as "gplit-probit' or 'statis-

tical heterogeneity' (Fry, 1971).

Doudoroff (1945) distinguished this phenomenon for cold dezth
as 'primary chill coma' and 'secondary chill coma'. Further
he stated that the initial shock was not manifest'until
several seconds after transfer to the low temperatures and
was not apparently due to stimulation of cutaneous sense

rgans, but was produced only when the low temperature had
penetrated internally, orobably to the central nervous system.
In the present study also, when exposed to low temperature
the fish were found to semnse the chillness by the act of wild
swimming around the lethal bath only after a considerable
time lapse, unlike in high lethal temperatures, where the
response was immediate. Accordingly, some of the earlier
workers report that in a few species this initial shock was
more delayed in larger specimens than in smaller ones

(Brett, 1952; Brawn, 1960; Spass, 1960). As already men-
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tioned under 'comparison of thermal resistance' size effect
would not have interfered in the results obtained among the

species studied.

Though this phenomenon of gplit-probit was prevalent in all

the species, the data of 25 and 30°C acclimated fringe-lipped
carp are presented as an example, in Figs.56 and 57 respec-
tively. It is seen in Fig.56, the sample exposed to 13°C
suffered very rapid mortality, whereas at 13.5, 14.0 and 14.5°C
the mortality among the lots was split into rapid and delayed
ones and above 15 mortality was completely absent. The split-
probit curves can be seen in Fig.57 for 15.5, 16.0 and 16.5°C
exposures, but at 17°C the mortality is regular.  However,

this kind of split-probits occur at a given critical tempe-
rature or between samples at slightly different temperatures.
As pointed out by Brett (1952), the time to 50% mortality

is consequently affected by the percent occurrence of 'pri-

mary' rapid death individuals within the sample.

Pitkow (1960) attributed primary chill coma to the failure
of the respiratory centre and Doudoroff (1942, 1945) sug-
gested an osmoregulatory problem as an accessory lethal
factor at the‘secondary chill coma point. Brett (1952)

who exposed sockeye solmon to slightly isosmotic medium



Fig.56

Times to death at various low lethaltest temnpe-

ratures among fringe-lipped carp fry acclimated

to 25°C. Plotted on probit x logarithmic axes
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Fig.57

Times to death at various low lethaltest tempera-
tures among fringe-lipped carp fry acclimated to

300C. Plotted on probit x logarithmic axes
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(5.9 °/° (8) at 0.2, 0.7 and 3.2°C also supports the above
statement by suggesting osmoregulation as a third factor
in the event of cold death; the other two factors being,
one, a very rapid agent usually effective within 60 min

of exposure,; a second, not so rapid in action.

Fry (1971) refers to this kind of statistical heteroge-
neity at high lethal temperatures by Arai et al., (1963%)

in Poecilia reticulata, by Tyler (1966) in C. neogenus and

C. eos and by Brett (1952) in O. keta. The same kind of
statistical discontinuity has been recorded 1in freshwater
mullet and carps in the present study. As an example of

the present results, the heterogeneity in thermal response
among freshwater mullet is shown in Fig.58, where the curves
through open circles and closed circles belong to fresh-
water and salt water exposures respectively at 737 and 39°C
for 25 {(broken line connecting dots) amd 35°C (continuous
1ine) acclimations. The curves through closed circles
either belong to 7 ot 15 o/o (8) exposures, as indicated in
figure. These probits of tests in freshwater are broken

or rather bent by an early death of few individuals among
the samples. Whereas all the curves of salt water expo-
sures are simple and straight. This result is suggestive

of an osmoregulatory stress coupled with thermal shock.



Fig.58

Times t0 death at 37 and 39°C in fresh and salt
water media indicated among freshwater mullet

acclimated to 25 and 35°C. Plotted on probit x

logarithmic axes
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Salinity Tolerance:

Salinity tolerance of Rhinomugil corsuls

The results obtained from salinity tolerance experiments omn
R. corsula indicate the incipient lethal salinity levels
(below which the mortality will not reach 50%) of 15.35,
17.09, 17.32, 12.25 and 12.25 °o/e (8) at 35, 30, 26, 20 and
17.5°C respectively (lable XXIII)U Temperatures above 36.5°C
and below 16°C being lethal for 30°¢C acclimation (see also
'Thermal tolerance'), salinity tolerance tests have been
carried out by exposing samples from 28°C, fresh water
acclimated group within tolerance range from 17.5 to 35°C

and the respective incipient lethal salinities at the thermal
extremes are 12.5 and 15.35 o/o(8). The highest value of

17.3%32 °/° (5) has been obtained at 26°C.

In Fig.59 incipient lethal salinities for R. corsula are

plotted against concerned test temperatures. Resistance



Fig.59

Estimation of relative mortality of freshwater
mullet in different salinity and temperature
combinations, based on the data of salinity tole-

rance and salinity effect on thermal resistance
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>sults from analysis of variance of resistance times (logarithms) for freshwater
illet acclimated to 28 + 1°C and tested at various salinities and temperatures
. « Degrees
2cli. . oum of Vars Value of Value for Value for
2mp . Comparison squares freggom ariance p ragio F = 0.05 F = 0.01
. Between salinities ‘
(18.0, 26.25, 30.0, 35.0, 70.6850 4 17.671% 114.82%% 6.39 15.98
40°/L (8)
Between temperatures , % :
8oC (30, 35°C) 15.2384 1 15.2384  99.0f 7.71 21.20
Salinities x temperatures 0.6156 4 0.1539
(error) ) ’
Total 86.5390 9 1
Between salinities
. . 28,691 0.20%* .8 .01
(20, 25, 30, 35, 40°/2 (8) f14.7656 4 914 4 384 T
Between temperatures _ %
80C  (17.5, 20.0, 26.0°C) 19.6915 2 9.8458 13.79 4,46 8.65
Salinities x temperatures
(error) 5.7099 8 0.7137
Total 140.1670 14

* % P
- Highly significant

»



The error terms are very low (i.e., 0.1539 and 0.7137),
which indicate that the interfcerence of the uncontrolled

-factors ig very low.

Ir the present study on szlinity tolerance the fish were

not acclimated to specific conditions of test temperatures .
and salinities,‘except at the ambient condition of accli~
mation at the single temperature (289C) in freshwater.
Under this condition salinity concentrations below 12.25 ©/°
(S) are not at all lethal at any temperature within the
thermal tolerance limit, in an acute exposure from fresh-
water. Further, studies on this aspect by acclimating this
species to different salinities amd temperature can only
indicate the complete salinity tolerance of the species.
Bven the limited results obtained here from acute tests
demonstrate the euryhaline adaptability of this species,
apparently owing to the iono-osmoregulatory mechanism of
this species. This may be another instance of physiologi-
cal versatility, where the same regulatory mechanism, invol-
ving different structures like gills, xidney, gut etc.,
functions with equal facility in either media fresh and
salt waters, through a reversal in its physiological

polarity (Parvatheswararao, 1970).
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Salinity tolerance- other gspecies:

The data obtained on incipient lethal salinity from the com-
parative study of salinity tolerance on three carps, namely

C. g{ig&%gi L. fimbriatus and C. carpio and cichlid fish

Tilspis mossambica are %.54, 7.07, 8.1% and 7.07 °4° (8)

respectively at 30°C. As in the case of R. corsula, accli-
mations were not done at specific temperature and salinity
in these species also and SXposuresg were made abruptly from

300C fresh water except for one group of L. fimbriatus , which

were acclimated to 5 ofo(3) 2%t 300C (see also tMethods') .
Among the carps, as it is seen from these data, C. mrigala
is the least tolerant to galinity with incipient lethal

value of 3.54 °4°(8); whereas the C. carpio is the most

tolerant, L. fipbriatus being intermediate in.tiigrance.

But the euryhaline Tilapia mossambica appears to/compara-
tively lesse tolerant when compared to C. carpio which has
the .highest value of incipient lethal salinity (i.e.

8.1% °o/e(s). (L. mossambica tested were hatchlings while the

others were fry and fingerlings). On the other hand the
data on the median resistance times (Table XXIV) demons-

+trate that T. mossambica nas much higher value than for

those of the carps, jpcluding C. carpio. Thassresults

show that T. mgssambica is more resistant than the carps

at a2ll lethal salinities tested. Further, T. mossanmbica
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hatchlings were able 1o resist salinity even ﬁpto 35 0/0 ()
whereas carps suffer immediate death above 25 °/4°(S)

(Table XXIV). This inverse relation in resistance and tole--
rance indicated by their differertial response towards sali-

nity among the euryhaline 1. mossambica and stenohaline

C. carpio might be due to the size difference of the fish

. ) gize was
testved i.e., L. mossamblca/only 0.9 cm and C. carpio was

about 2.7 cm, but not less than 1.5 cm (Table I). Hence,
the osmoregulatory mechanism would have not developed SO

well in the hatchlings ot E. mossambica as in the larger

and older carp C. carpio. This is supported by the obser-
vation of Liu (1942, 1944) on the development of chloride
cells in paradise fish transferred from fresh water to salt

water.

Wikgren (1953) has pointed out and cxcessive loss of ion
among carps at low temperatures and Morris (1960) also sup-
porfs this finding based on his work on lamprey. This
appears to be true in the case of R. corsula also, for the
salinity becomes progressively lethal for this species at
low ‘temperatures. Thus it appears, that these species pre-
sently studied would also be ﬁore susceptible at low tem-—
peratures; but as already mentioned, salinity-temperature

interaction on these species has not been done at ‘tempera-



tures below 30°C. Further, as suggested already a full
picture of salinity tolerance 2nd resistance of the mullet
could be obtained only with information with performance

of this species acclimated and tested under different sali-

nity and temperature levels.

Comparison among the five species:

The results obtained on incipient lethal salinities of all
the five species demonstrate that the euryhaline Enkgorsula
nas the highest value of 17.09 °4°(8) at 30°C and the rest
of the species have comparatively much lower values. As

far as T. mossambica 1s concerned, the adults of this species

nave been observed to survive in total sea water but the
incipient lethal salinity of hatehlings of this species, 1in
the present work, is only 7.07 °4°(8). Among the carps the

a1t water acclimated L. fimbriatus does not display any

change in its tolerance level, since the incipient lethal
salinity values for fresh and salt water acclimated groups
being the same i.e. T7.07 ofo(S). But the data on median
resistance times (Table XXIV) show an increase in resis-
tance due to salinity scclimation. This result suggests
salinity acclimations among these stenohaline carps may
not markedly increase their salinity tolerance, as it can

be expected among the euryhaline species. Thus, as obvious
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the stenonaline carps have comparatively low tolerance and

adaptability to salinity.

9alinity effect on thermal resistance:

Displacement of lethal temperature of Tish induced by the
imposition of osmoregulatory stress have been reported by
s number of workers, following the initial investigation by
Loeb and Wastenejs (1912). The results of present work on
R. corsula scclimated to four different temperatures (20,
25, 30 and 350°C) and tested at various potentially lethal
temperatures in different saline media show a complex TesS-
ponse. The data obtained on the exposures above that of
fresh water to 12 °A°(S) show an increasing thermal resis-
tance when the fresh water exposure 1is taken as a stanlard
(Table XXVI). 4s the data on incipient lethal salinity
(Table XXIII) indicate, salinity levels sbove 15.34 °4°(8)
being lethal at high témperature (35°C), these salinities
reduce resistance of this species 1.€., the adverse sali-
nity interacts with lethal temperature to reduce the resis-
tance time. These above mentioned features can be seen
from Figs.36 and 37 which present the data for R. corsula
acClimated to 20 and 25°C and exposed to various salini-
ties (fresh water 3, 5, T 10, 12, 15, 18 and 20 °4° (8)

at lethal temperatures (37 and 3900). As seen from these



figures the highest resistance is observed at 7 °f0 (3) at
both the acclimations and lethal temperatures. Curiously,
a8 1t appears, there is a depression at 5 °/°(S) levels
(Figs. 36 and 37; Table XXIV. A possibility for an arti-
fact is ruled out, since the result has been obtained uni-
formly for both the acclimations i.e., 20 and 25°C. This
unique result can be attributed to the following reasons

individually or collectively, as mentioned hereunder.

Khlebovich (1968) points out there is sharp change in elec-
trical properties of live forms at ambient salinity of

5 °4°(8) when exposed to a series of ambient salinity chan-
ges. Khlebovich (1968) further suggests a pronounced change
in the ion ratio, when marine and fresh water is mixed,

The critical salinity has been shown to be about 5 9/° (S)
(in the Kara, White, Baltic, Azov, Black and probably,
Caspian seas and British Columbia). In addition a close
connection is suggested between mixed water hydrochemistry
and the exiétence of an ecophysiological barrier. This bar.-
rier divides at salinities of 5 to 8 °4°(S), the two basic
types of aquatic animals into marine and fresh water repre-
sentatives. Moreover, the aquatic fauna are least in number .
and density at 5 °/°(S) (Khlebovich, 1962). These pheno-

mena pointed out by Khlebovich, (1962, 1968) pertaining to
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the critical salinity of 5 °/° (8) may be expected to explain
the depression in resistance at 5 9/°(3) among R. corsula.
Secondly, this work has been done on immature fingerlings

of R. corsulaand it is suspected that the osmoregulatory
mechanism might have not been developed so well as to cope

with the osmotic imbalance as pointed out earlier for

T. mossambica hatchlings (see 'salinity tolerance®). Job

(1959) also suggests a possible difference in osmoregulatory
mechanism with respect to size~difference (i.e., age) in his
worx on the measurement of lethal oxygen at differént sali-

nities in Plotosus anguilaris. Finally, R. corsula is brack-

ish water in origin, capable of survival and reproduction in
fresh water (Pakrasi and Alikunhi, 1952; Narayanan, 1974).

This change in ecological enviromment may also be considered

a possible reason for this kind of unique response at 5 °/°(S).
-dubseguent studies on the measure of lethal temperatures
instead of resistance times, for different factorials of tem-
perature acclimations may provide additiomal information in
this regard (Garside and Chin-yun-kee, 1972; Garside and

Jordan, 1968; Garside, per.comm.,).

As reported by Craigie (1963) and Alabaster (1967) for
salmonids, salinities close to isosmotic level (i.e. as

already pointed out, non-lethal salinity from 3 to 12 °/° (3)
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also favour thermal resistance to considerable extent, but
the highest resistance was observed in 7 °4°(8) at all lethal
(test) temperatures 1in 21l ‘temperature acclimations among

R. corsula. This is obviously due to the isosmotic effect
ot this salinity and the energy conserved from the dimini-
shed osmotic stress might have been diverted to maintain
equilibrium (homeostasis) at high (1lethal) temperatures. On
the other hand, salinities above and below 7 o0 (S) being
hyper and hyposmotic respectively to almost all teleost,
have hastened thermal death due to added effect of increased
osmotic stress. Garside and Jordan (1968) obtained an ele-

vation of 6°C in lethal temperature in isosmotic medium, com-

pared to fish .ampd sea water test values in Fundulus hetero-

clitus and Fundulus diaphanus. Garside and Chin-Yun-Kee

(1972) have also reported the same trend for F. heteroclitus

gcelimating this species to different salinity and tempera-
ture combinations. Further, Rao (1968, 1971) recorded the
lower metabolic rate in igosmotic salinity of 7.5 o0 (8)

 for Salmo gairdneri. The results of present work fall in

1ine with above reports and agree with the observations of
Gibson (1954), Arai et al., (1963%) and Strawn and bunn
(1967) .

The results obtained on 1Pt ratio from analysis of variance

of resistance times for 35°C acclimation alone are shown
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in Table XLII. There is just significant difference in
response of this species towards salinity and temperature
interaction, between salinities (P 0.05); whereas there
exists a highly significant difference between tempera-—
tures (P 0.01). The error term is very low (0.8795) for
4 degrees of freedom and this indicates the least inter-

ference of the uncontrolled variables in this work.

When the overall work on thermal tolerance and salinity
effect on thermal resistance of this species is considered,
it may be stated, in agreement with Garéide and Chin-Yun-Kee
(1972), that a simple statement of lethal temperature with
respect to thermal acclimation alone is not sufficient.
Atleast for euryhaline species like R. corsula, reference

to salinity of the lethal medium should be made to make the

statement meaningful.



Table XLII

Results from analysis of variance of resistance times (logarithms)

mullet acclimated to 350C and tested

at different salinities and

for freshwater

temperatures

. Degrees .
Accli. . Sum of . Value of Value for Value for
7
Temp. Comparison squares freggom Variance g ratio F=0.05 F = 0.01
Between salinities % .
(B 7, 1590 (8) 28.0748 2 14.0374 15.96 6.94 18.00
Between temperatures 586.5528 2 293.2764  333.46%* 6.94 18.00
(37, 39, 41°C)
35¢C "
Salinities temperatures
Crrapy 68 * 1OWF 3.5179 4 0.879 i,
Total 618.1455 8
A
Significant
**

Highly significant
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General Discussion and Conclusions

In the present study thermal tolerance and resistance of
mrigal rohu, fringe-lipped carp, common carp and freshwater
mullet have been described. In addition salinity tolerance

and resistance of freshwater mullet, mrigal, fringe-lipped
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carp, common carp and Tilapia mossambica acclimated to

fresh water (except L. fimbriatus exposed to 5 o4 (S) ard

natural ambient temperature (28 - 30°C), have been studied.
Observations have &lso been made on survival of freshwater
mullet acclimated to several temperatures in freshwater

and exposed to various salinity and temperature combinations.

These observations indicate that the thermal and salinity
responses studied are species specific. It is likely that
these differences are genetically determined and might also
reflect the environmental conditions prevailing in theAspe—
cific geographical zones from which they have originated.
Among the species studied for thermal tolerance the common
carp which is subtropical in origin, has the highest thermal
tolerance (1075002) and its capacity to live under different
thermal corditions is proved by its present worldwide dis-
tribution as a culturable species. The Indian major carps

_ mrigal and rohu, have more or less similar thermal tole-
rance (812 and 850002 respectively) and their origimnal dis-
tribution was restricted to North Indian rivers originating
from Himélayas. The fringe-lipped carp, which is more tro-
pical in distribution, naturally occur in east flowing
rivers of South India, have a lesser thermal tolerance

(731002) as compared with the former two Indian carps.
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L. fimbriatus has relatively higher low incipient lethal

temperatures (see also text, Table VII). It is tempting
to correlate the greater low temperature tolerance with the
natural lower temperature to which mrigal and rohu would
be exposed in the higher latitudes (as compared with Labeo

fimbriatus), in which they inhabit.

The mullet, R. corsula originating from the estuaries of

the North Indian rivers is euryhaline like the other members
of mugilidae, but unlike other mullets this is capable of
survival and reproéuction in freshwater (Pakrasi and Alikunhi
1952; Narayanan, 1974). The thermal tolerance of this spe-
cies is least (569002) among the species studied. The narrow-
ness of the thermal tolerance range of this species would
indeed be geneticai, but this could have been determined by
the lesser fluctuations in temperature which might occur in

estuaries, as compared with that of inland waters.

Eventhough it may be difficult to correlate the upper and
lower thermal tolerance tO specific geographical latitudes;
a broad generalisationAmight be applicable. For example,
the polar Trematomus sp. has a Very narrow thermal tole-
rance (100002) and the temperate species especially the sal-
monids have thermal tolerance intermediate between those of

the subtropical/tropical and polar species.
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As referred to earlier there appears to be an inverse COTr-

relation between thermal tolerance and resistance (Table Eﬂ
The stenothermal mullet has a thermal tolerance of 56900
while the estimated resistance 1is 391°C2; whereas the corrq

ponding thermal tolerance and resistance for the eurytherm%

common carp are 1075 and 225002 regpectively.

The present observation on salinity tolerance and resis-

4

tance are limited in view of the fact that the acclima-

tions to various salinities were not made. For purposes ;
of comparisons of salinity tolerance the data obtained fr¢
single level of acclimation i.e., fresh water and acutely;
exposed to various lethal salinities can be made use ofck
Thus it is seen that euryhaline mullet has the highest

incipient lethal salinity among the species studied. As

well known the carps as a group have low salinity toleran
the lowest incipient lethal salinity (%3.54 °/° (S) being

mrigal. Tilapié mossambica, which is well known to tdlen

both fresh and total sea water was tested in the presenﬁ%
study as hatchlings only (less than 1 cm) and as such th%
capacity for salinity tolerance was found to be 1imited,é
i.e., less than that of mullet. Apparently the eapacityf
for salinity tolerance for T. mossamblca would be 1ncreaé

sing with incresing size and age of the fish.
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Tests on the effect of tempersture on salinity tolerance
reveal that the salirity tolerance of the mullet decreases
towards both the upper anl lower thermal extremes {optimum
range being 26 to 30°C). The reduction in salinity tole-
rance being more marked at low _temperature suggesting a
breakdown of iono-osmoregulatory mechanism more easily

at the low temperature extremes than at high. 3alinity
greatly influences the thermal resistance of R. corsula

and the highest resistance to temperature is at isosmctic
medium of 7 °4°(S) and 5 ©°4°(S) ié observed to be critical,
which adversely affect thermal resistance. Salinity levels
sbove that of fresh water to 12 °/°(S) being non-lethal,
within the thermal tolerance limits, enhance the thermal
resistance, whercas salinities above 12 °/°(S) being lethal,
reduce the thermal resistance‘écutely by the interaction
with lethal temperature. In the single case of salinity

acclimation (5 °/°(8) among L. fimbriatus, salinity tole-

rance was not enhanced when compared with that of fresh-
water acclimation. But a clear increase in resistance to

lethal salinity was observed.

As evident7present study is mainly concentrated around
thermal tolerance of a few selected freshwater fishes and

to the extent possible descriptions of thermal tolerance



109

and resistance have been given. is made out earlier, cer-
tain limitations of technique did not enable the study %o
be conducted st still lower temperatures than those pre-
sently done. Estimation of thermal tolerance over this
narrow region of low temperature was made by extrapola-
tion and it is felt that this treatment does not seriously
affect estimates made . Opservations on galinity and tem-
perature effect on gurvival of fishes, presently c onfined
to single level of acclimatvion, could yield much more infor-
mation if the acclimations were extended to several other
salinity levels, within the tolerance range. Thermal tole-
rance area, presently described for fishes acclimated and
tested in freshwater, and resistance have peen studied at
certain galinity and temperature combinations only in the
case of R. corsula. It would be gorthwhile knowing how
thermal tolerance changes for various salinity acclimations
and exposures SO that one can have a full picture of the
effect of temperature and salinity on the survival of the

species concerned.

It is hoped that the results of the present study will
be of help in chosing suitab le agquaculture practices
especially with reference to controlling ambient tempe-

rature during culture and transportation.of fish. At
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this time of ever increasing demand for energys commissio-
ning of more number of thermal plants would lead %o dis-
charges of neated effluents to the natural waters, leading
to an imbalance in the aquatic ecosystem. The values of
thermal tolerance snd resistance obtained for the various
fresh water fishes in the present study may be of use 1in

evolving proper measures for ervironmental protection.



Summary

1 Young of four species of carps (average 4 cm ), namely,

mrigal (Cirrhinus mrigala), rohu (Labeo rohita),

fringe-lipped carp (Labeo fimbriatus) and common carp

(Cyprinus carpio), a freshwater pullet (Rhinomugil

corsula) and a cichlid fish (Tilapie mossambica) were used
in the present study on the 'Ecophysiology fish fry and
fingerlings with special reference to temperature tolerance'.
Among the three #geries of experiments conducted nemely,
'thermal tolerance', 'salinity tolerance' and ;salinity
effect on thermal resistance', thermal tolerance study

was carried out on all species except Tilapia, the sali-

nity tolerance study was made on all species except rohu

>
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and the study of salinity effect on thermal resistance

was carried out only on freshwater mullet.

2 The fish were sacclimated to 15, 20, 25, 30, %5 and
280C and resistance times were determined at inter-
vals of 0.5°C for both high and 10w temperatures. Upper
lethal temperatures were calculated for exposures of
10,000 min (7 days) and lower lethal temperatures for
exposures of 8,500 min (6 days). Salinity acclimation
was restricted to single level at ambient tenperatures
28 - 30°C in fresh water except fringe-lipped carps which
was acclimated both in fresh and salt water (5 o/ (S).
Resistance times were cbtained on salinity exposures ’
from 10 to 45 ofo(S) at 17.5, 20.0, 26.0, 20.0 and 35.0°C
for R. corsula; for other specles exposures Were made from
2.5 to 35 °/°(8) at 300C¢. For salinity effect on thermal
resistance exposures were made 1n salinities above thatg
of freshwater to 20 oo (8) at test temperatures (37, 39

and 41°C) from scclimations 20, 25, 30 and 35°C.

3 The raw data obtained on resistance time from all
these three series of experiments were first sub-
jected to ' probability analysis' and median resistance

times were obtained. The usual sigmoid time-mortality
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durves became irregular often for low temperature data. The
treatment of the same data on 'probit charts' resulted in
'split-probits’' which separated the two different rates of
mortification, reported by earlier workers as 'mixed lethal-
effect', 'statistical heterogeneity' and 'split-probit'
(Brett, 1952; Doudoroff, 1942, 1945, 1952; fry, 1971). The
data on thermal tolerance were treated, further, according -
to regression analysis (differentiate resistance regsponse ).
The significant difference in tolerance and resistance were
detected by the analysis of variance ('F' test). The inci-
pient lethal values were estimated by the method of Miller
and Tainter (1944). Zone of thermal tolerance and resis-

tance were obtained from the incipient lethal temperaturgs.

4 The median resistance times for High temperatures
decrease with an increase in lethal temperature but
increase with increase in acclimation temperature. This
phenomenon is reversed for low temperature. Median resis-
tance time obtained on sazlinity tolerance show decreasing
trend with increase in lethal salinity and test temperature.
The data on salinity effect on thermal resistance show a
complex feature. The median resistance times increase with
the increase in salinity above that of fresh water to 7
7 °/°(S) with a depression at 5 °/°(S) and decrease in

salinities over 7 °4°(8) at all lethal (test) temperatures

Avid Fhnvmmeal anmnAaldmadtd Aarice



5 Thebgraphically constructed zones of thermal tol-
erance and resistance are given in °C2 units.
The total area of tolerance amd resistance are further
divided into 'upper'! and 'lower' zones and thermal
triangles,with the aid of 45° isotherm-line and by the _
method of McErlean et al., (1969) respectively. The
upper zone of thermal tolerance is larger than the
lower in all the species studied; whereas this pheno-
menon is reversed in upper and lower zones of thermal
tolerance. The widest area of thermal tolerance was
exhibited by common carp (10759C%) and the smallest
by freshwater mullet. The other three species, naﬁely,
mrigal, rohu and fringe-lipped carp being intermediate
(812, 850 and 731002 respectively), but comparatively
wider than that of freshwater mullet. Hence, the
carps are 'eurythermal' and the freshwater mullet is
'stenothermal'. Thermal triangles are not given for
common carp and the given triangles‘for other species
overestimate the thermal tolerance, due to two limi-
tations. The formation of 'Plateau' and 'floor' in
thermal polygons due to intolerance to high and low
temperatures respectively could not be shown in thermal
triangles because of the projection of the hypotenues

beyond usual acclimation and tolerance limit.
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6 The data on upper and low thermal tolerance and
resistance were further analysed by the study of
'relative tolerance and resistance', in which the to&al
area of tolerance or resistance is considered as 1000
and the fractions there of constitute the upper and
lower thermal tolerance or resistance in percent. As
mentibned earlier, the phenomenon of inverse relation
between tolerance and resistance is obvious from the date
on 'relative tolerance and resistance'. This phenomenon
is more obvious in freshwater mullet, when the total
area on tolerance ard resistance is considered. Though
freshwater mullet has a low tolerance area (569002), |
the resistance area is relatively higher (391002) than
that of carps (as an example, 1075 and 225QC2 for tol- *
erance and resistance respectively for common carp) .
There is mafked difference in 'relative upper and lower
thermal tolerance' among various species. O.punctatus

C.auratus, A.nebulosus and R.rutilus have rclative lower

thermal tolerance higher than the relative upper thermal
tolerance. Whereas the Pacific salmons and the five
species presently studied have relative lower thermal
tolerance lower than the upper. Hence, the original
geographic distribution does not have any direct relatio

to the relative upper and lower thermal tolerance.



116

7 proportionate change in tolerance was estimated

by dividing the total difference in incipient
lethal temperatures by the difference in temperatu}e
acclimations concerned. The rate of change in upper
incipient lethal temperature is 10C for about 5°C
increase in acclimation temperature. The rate of change
in lower incipient lethal temperature is 1°C for about
2°C change in acclimation temperature. The common carp
displays the highest rate (0.21°C/1°C and 0.6°C/1°C for
high and low temperatures respectively). The lbwest
rate is exhibited by fringe-lipped carp (0.17°C/1°C !
and 0.44°C/1°C for high and low temperatures respectively).
Briefly, the rate of change in high temperature is much‘
lower than the rate in low temperature when compared

#
with the datzs on other species (Brett, 1944; Doudoroff,

1945).

8 Phe values obtained on analysis of variance of the
upper and lower incipient lethazl temperatures indi-

cate a highly significant difference in tolerance between

species and between acclimations (P <0.01). Further,

the four different: combinations in 'Orthogonal compari-

son' also show a highly significant difference in res-

ponse dmong the species. Thms, the thermal tolerance

response is species-specific and genetically controlled.
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The following conclusions were made from the analysis

of variance of resistance times in high lethal tempe-

ratures.

ii

iii

iv

vi

10

No significant difference in resistance to high tem-
peratures exists among the species at any level of

treatment for higher geclimations of 30 and 3500

There is significant difference in resistance among
these species at 25°C acclimation level

Mirigal shows a moderately significant difference in
resistance (P <0.05)

Common carp exhibits a high significant difference
from freshwater mullet (P <0.01)

Common carp and freshwater mullet show a barely
significant difference in resistance from fringe-
lipped carp (P <0.05)

Mirigal and rohu show a highly significant diffe-
rence in response from fringe-lipped carp (P<0.01)

The resistance times to low lethal temperatures

could not be subjected to systematic analysis

owing to the lack of consisteémgy in response, as has

slso been observed in other fishes by earlier workers.

Difference in response to low temperature among
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the speéies necessitated in the use of different lethal
levels to link the cases of non-lethal to fairlyrapid
lethal level. This factor formed additional limita-

tion on further analysis of the data on low temperature.

11 The study on salinity tolerance on R.corsula_
indicate that salinities below 12.25 °/° (S) are
not lethal at any temperature within tolerance limit
in an acute exposure from freshwater. The optimum
temperature from 26 to 30°C favours salinity tolerance.
Low temperature is more detrimental than high, though
this species have higher resistance times at low tem-
perature. 21}2212 resists salinity better than the
carps; but has incipient lethal salinity lower than common
carp - and freshwater mullet. The low incipient lethal
salinity for Tilapia (7.07 ofo (8) 1is apparently owing
to the use of hatchlings, the osmoregulatory mechanism
might have not developed so well as in the case of
older carps and freshwater mullet. Among the carps,
common carp is highly tolerant to salinity (8.13 oo (8),
mrigal is the least tolerant (3.54 ©/° (8) and fringe-
lipped carp is intermediate (7.07 ofo (8) . Salinity
acclimation in fringe-lipped carp enhances the resis-
tance to salinity, but there is no change in tolerance

level.
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12 Salinities from that of freshwater to 12 o/o (S)
being non-lethal, enhance the thermal resistance
of freshwater mullet and the highest resistance was |
observed at 7040(8) (isotonic medium). At salinities
below and above 7 °/°(S) comparatively lower values
were obtained tham that of 7 °%/°(8). There is depre-
Ssion in thermal resistance in 5 °%° (8), this is app-
arently due to the change in the electrical properties

at cellular level in this species (Khlebovich, 1962,

1968).

It is hoped that the present study will be of help in
aquaculture practices especially with reference to
controlling ambient temperatures during culture and
transportation of fish. The values of thermal toler-

ance and resistance obtained for the various freshwater

fishes in the present study may be of use in evolving

proper measures for envirommental protection.
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 APPENDICES

Appendices explanation

The appendices are divisible into 3 major categor

A, B and C, as explained below:

A = Experiments on high lethal temperatures
= Experiments on low lethal temperatures

¢ = Experiments on salinity tolerance and
salinity effect on thermal resistance

»
Bach of these higher categories are further divided into

divisions, a, b, ¢, d, € and T, denoting the species of

fisn studied, namely, Cirrhinus mrigala, Labeo rohita,

Lebeo fimbriatus, Cyprinus carpio, Rhinomugil corsula and

Tilapia mossambica respectively.

Tfhe divisions are subsequently split into al, a2, a3 and -
so on, each denoting particular acclimation temperature

or salinity as the case may be.

To give an example, Aal denotes data obtained from tests

at high lethal temperatures on mrigal acclimated %o 38°C.



Appendix Aat

Time to death (min), total length (cm) and weight (mg) of jndividual fish mrigal
(Cirrhinus mrigala) acclimated to 38°C and tested at different high temperatures'

Temp.(°C) 42.5 42.0 41.0
Time to Total . . Time toO Total Time to Total
e r’  lengen Meient death length Weight e . length  teient

15 4.2 570 34 4.2 610 73 4.2 620
21 4.% 695 36 4.0 555 82 4.3% 699
2% 4.4 705 41 4.0 540 9% 4.4 565
24 4.5 750 4% 4.1 585 100 4.4 740
25 4.6 815 46 4.6 710 102 4.4 725
27 4.0 595 51 4.4 730 110 4.6 805
33 4.2 610 53 4.5 685 113 4.5 880
A7 4.6 830 59 4.2 670 118 4.8 1010
49 4.5 740 64 4.3 585 128 4.6 805
69 4.5 690 67 4.7 590 127 4.6 855

contd . « o . -




Appendix 4al contd . .

40.5 40.0 39.5
. Total ' . Total . Total
Time to o Time to . Time to

death length Welght death length Weight death length Weight
213 4.3 760 804 4.4 615 4385 3.9 530
248 4.3 720 1030 4.2 575 5182 4.4 715
259 4.6 875 1512 4.6 780 7272 4.2 - 585
273 4.5 710 1774 4.0 590 - 71832 4.5 690
298 4.0 605 2308 4.2 605 7997 4.9 845
321 4.% 685 2505 4.6 785 8712 4.8 815
330 4.5 835 2833 4.3 695 No death

361 4.5 845 3294 4.5 740

403 4.5 695 3799 4.5 705

454 4.4 T05 4566 4.6 835




1

1 (min), total length (cm) and weight (mg) of individual fish mrigal,
.p;gg;g) acclimated to 35°C and tested at different high temperatures

12.0 . 41.0 40.5

otal . Time to Total . Time to Total .
engtn  Meight death  length "o-&hT death  length "eight
4.0 530 58 4.1 565 85 4.1 565
4.2 590 61 4.3 620 92 4.2 585
4.0 505 62 4.1 580 95 4.0 505
4.0 5%0 64 5.0 1295 107 3.9 185
4.1 580 67 4.5 815 126 i1 580
4.0 570 71 4.0 510 134 4.0 565
3.8 525 73 4.0 595 140 4.0 530
4.6 805 74 4.1 620 147 3.9 525
4.3 700 77 4.3 710 153 4.4 715 o
4.6 195 82 4.4 725 162 4.6 810




Appendix Ag2 comntad.

40.0 39.5 39.0
Time to Total . Time to Total . Time to Total .
jme =°  lomgtn Weieht Jeath  length Weight o h.  longtn eiebt
166 4.4 790 4072 4.9 2018 No death
187 4.6 880 4732 4.2 495
231 4.5 880 5405 4.8 780
2473 4.8 103%0 6539 4.2 470
254 4,5 835 6833 4.7 750 ' #
460 4.4 740 7272 4.4 580
676 4.6 855 7402 4.6 T30
5% 4.7 925 8637 4.5 690
2615 4.3 655 8754 4.5 710
5086 4.6 805 , 9021 4.4 650




Appendix Aa3

Time to death (min), total length (cm) and weight (mg) of individual mrigal,
Cirrhinus mrigala acelimated to 30°C and tested at different high lethal

temperatures in fresh water

Temp.(°C) 41.0 - 40.5 40.0

»

Time to Total Time to Total Time %0 Total

death length Welght death length Weight death length - Welght»
13 3.7 415 42 4.1 695 94 4.2 710

15 4.3 665 47 4.2 710 103 4.5 885

20 4.1 615 54 4.5 865 107 4.2 670

22 3.4 290 66 4.2 670 13 4.6 940

23 3.8 460 69 4.6 910 115 3.9 565 .
24 4.1 585 70 4.2 745 117 4.3 745 , 4
24 4.3 620 71 4.1 650 121 4.1 650

25 4.5 660 4 3.9 520 126 3.8 535

29 4.0 550 86 3.8 550 128 3.9 535

30 4.7 810 95 4.0 505 131 4.0 565

contd. .. » ¥,



Appendix Aa3 contd ..

Temp.(°C) 39.5 39.0 38.5
Time to Total o Time to Total Weight Time to Total Weight
death  length feieht death  length : death  length "©18
161 4.3 760 451 4.2 545 No death
217 4.4 720 538 4.4 650
223 4.6 880 5262 4.3 590
238 4.5 710 5287 4.0 505
240 4.0 610 5302 4.2 540
273 4.2 650 6258 4.4 630
282 4.6 835 6412 3.8 350
296 4.6 875 6972 4.2 560
353 4.5 695 7927 5.9 355
1351 4.4 710 8279 4.0 490




Appendix Aab

pime to death (min), total length (cm) and weight (mg) of individual mrigal,
Cirrhinus mrigala acclimated to 20°C and tested at different high lethal
Temperatures in fresh water

Temp.(°C) 38.0 : 37.5 37.0
Time to Total . Time to Total s Time %o Total i
Jeath  length Voi&hT death  length  eién? death  length "oi&ht
4 4.2 630 6 3.8 430 25 4.4 760
5 4.9 960 17 4.6 835 31 4.4 770
13 4.1 665 19 4.6 845 38 4.0 595
14 4.7 880 23 4.8 93%0 46 4.7 860
15 4.4 705 25 4.1 575 5% 4.2 740
16 4.8 960 26 4.3 625 56 4.3 770
17 4.2 600 30 4.4 755 70 3.9 560
18 4.0 600 31 4.6 850 80 4.3 775
19 5.4 1280 34 4.2 635 83 4.1 590
20 4.3 610 77 3.9 500 91 4.2 655
Temp.(°C) 36.5
Time to Total o
jeath  length 1eight
47 4.9 1050
52 4.2 715
53 4.6 390
56 4.5 740

Yo death

.



Appendix Aab

7ime to death (min), total length (cm) and weight (mg) of jpdividual nrigal
Cirrhinus mrigala acclimated to 150C and tested at different high lethal
Temperatures in fresh water

Temp.(°C) 36.0 135.5 | 35.0

g

Time to Total Time to Total s Time tO Total .
Jeath  length Weight Jeath  length Height ime 2% length Weight

7 4.0 520 13 4.5 780 50 4.1 575
11 4.7 805 22 3.8 430 57 - 4.7 780
13 4.0 535 27 4.6 810 70 3.9 510
14 4.6 740 33 4.8 925 85 5.1 1095
15 4.4 705 35 4.1 560 101 4.3 690
18 4.2 595 44 4.2 595 145 4.4 785
19 4.8 950 46 A% 625 No death

20 4.0 580 47 4.4 705

22 5.2 1285 54 4.6 850

2% 4.2 580 76 4.0 570

* 34.5
Time %o Total Weight

death length

No death




%ppendix Ab1

lime to death (min), total length (cm) and weight (mg) of individual rohita
Labeo rohita acclimated to 230C and tested at different high lethal temperatures

in fresh water

Temp.(°C) 42.0 41.0 : 40.5
Time to Total . Time to Total o Time to Total .
death  length feisnt death  length ci&HT death  length "eight
i3% 4.6 920 79 4.4 1030 428 4,2 855
22 4.2 870 107 5.4 1960 455 4.4 1025
39 7.% 3600 151 4.6 1265 600 5.3 1920
35 5.4 1405 187 5.1 1495 723 4.5 1105
42 6.2 1250 227 4.5 1120 779 5.1 1490
51 4.5 950 291 5.0 1220 817 4.5 1000
65 4.4 910 301 4.1 845 853 4.2 890
73 5.2 1155 317 5.2 1320 892 5.2 1400
45%. 6.0 2155 1121 5.3 1870
1266 5.9 1985



Appendix Abt c on td

Temp.(°C) 40.0 39.5 39.0

Time to Total Time to Total Time to Total

death  lengtn 1eisht death  length  ‘eight death  length Yeight
3590 4.5 905 3810 4.5 1050 4209 4.1 980
3322 4.2 890 4379 4.2 895 4618 4.4 1080
4497 7.3 3020 5467 5.2 1185 6326 5.4 1725
465% 5.4 1280 5668 5.3 1450 6890 4.5 1005
5897 4.7 950 6986 4.6 905 8517 5.0 1185
6404 4.4 720 7571 4.4 720 8836 4.1 825
6928 5.2 985 8235 5.3 1050 No death
7305 5.2 1030 9270 5.3 1250
8416 4.8 920 9601 4.8 985
8566 5.4 1010 9943 4.9 1005

Temp.(°C) 38.5

Time to Total Weight

death length

None died




Appendix  Ab2

Time to death (min), total length (cm) and weight (mg) of individual rohu, Labeo
rohita acclimated to 35°C and tested at different high lethal temperatures in

fresh water

Temp.(°0) 43%.0 42.0 41.0
Time to Total . Time to Total . Time to Total .
death  length  ‘eight death  length 'eieht death  length "eight

1 3.1 320 10 3.3 350 54 4.1 650
3 3.0 310 12 3.2 280 76 3.7 420
4 3.4 380 15 3.3 310 92 3.8 540
5 3.3 345 17 3.8 480 94 3.2 340
5 3.7 395 20 3.5 360 96 5.0 305
6 2.9 275 22 3.9 460 100 3.3 355
7 4.2 475 2% 2.4 140 104 3.0 270
8 3.9 445 24 3.0 250 106 2.9 245
10 3.8 510 26 2.4 135 109 5.2 315
14 3.2 295 29 4.5 830 119 3.0 255

contd.




Appendix Ab2 con t d .

Temp.(°C) 40.5 40.0 39.5

Time to Total Time to Total Time to Total

death length Weight death length Weight death length Weight
127 2.4 140 3129 2.3 120 2209 3.2 305
158 3.5 325 3292 3.6 345 2778 3.3 350
176 2.9 245 3417 2.9 245 3349 3.2 . 280
181 4.5 750 3583 4.3 990 3570 3.3 310
201 3.8 380 4214 5.8 380 4552 5.8 475
208 3.1 285 4550 3.2 280 5724 3.4 360
214 2.9 220 4857 3.0 220 6846 3.9 460
223 3.4 315 5425 3.4 320 7280 2.4 165
226 3.4 320 5473 3.5 395 75473 3.0 250
256 3.5 395 8492 2.4 135

contad.




Appendix Ab2 ‘contad.

Temp.(°C) 40.5 | 40.0 39.5

Time to Total Time to Total Time to Total

death  length  leisht death  length  "eight death  length "eisht
127 2.4 140 3129 2.3 120 2209 3.2 305

158 3.5 325 3292 3.6 345 2778 3.3 250
176 2.9 245 3417 2.9 245 3349 3.2 - 280
181 4.% 750 3583 4.3 990 3570 3.3 310
201 3.8 380 1214 3.8 380 4552 3.8 475
208 3.1 285 4550 3.2 280 5724 3.4 360
214 2.9 220 4857 3.0 220 6846 3.9 460

223 3.4 315 5425 3.4 320 7280 2.4 165
226 3.4 320 5473 3.5 395 75473 3.0 250
256 3.5 395 8492 2.4 135

contd .,




Appendix Ab2 cont 4 .

Temp.(°C) 39.0

Time to Total .
death  lengtn 1eight
3868 2.1 75
6119 3.2 215
6942 3.0 205
7792 3.2 200
8428 3.9 470

No death

38.5
Time to Total o
death length Welght

None died




Appendix Ab3J

Time to death (min), total length‘(cm) and weight (mg) of individual rohu, Labeo
rohita acclimated to 30°C and tested 2t dirferent high lethal temperatures in

fresh water

temp.(°C) 41.0 40.5 40.0

I

Time to Total . Time %o Total . Time to Total o
death length Weight death length Weight death length Welghf

12 2.9 270 29 2.8 265 49 2.1 155
13 5.5 460 33 3.5 456 65 2.9 190
14 3.0 280 36 3.1 395 77 3.2 295
15 3.2 350 38 3.0 290 80 3.3 370
16 3.2 310 40 3.2 352 89 3.4 385
17 5.1 350 44 5.1 310 95 2.7 185
19 2.9 260 48 3.1 350 101 2.9 245
19 3.0 275 56 2.9 275 109 2.9 230
20 2.9 255 59 2.9 250 15 3.1 260
20 2.8 260 61 2.8 260 138 3.4 360

contd




Appendix Ab3 c on t d .

Temp.(°C) 39.5 39.0 38.5
time to Total s Time to Total s Time to Total .
death  length "elent death  length  'eieht death  length "eight
760 3.7 520 2402 2.4 175 4615 2.5 175
813 - 3.9 560 2592 3.4 325 5088 3.0 255
1886 4.4 720 2734 2.8 245 6195 3.0 235
1923 4.8 590 3024 3.9 540 7184 3.7 450
1670 3.9 540 3637 3.8 410 8302 3.4 395
1996 4.2 590 4354 2.7 290 8786 3.8 465
2082 3.5 450 4586 3.0 250 No death
2203 4.2 570 5062 3.3 340
2238 4.5 790 5349 3.4 390
2300 3.2 395 5682 3.4 360
38.0
Time to  Total veight

death length

® None died




Appendix Ab4

Time to death (min) total length (cm)&weight (mg) of individual rohu, Labeo
rohita acclimated to 25°C and tested at different high lethal temperatures
in fresh water

Temp.(°C) 39.5 39.0 38.5
Time to Total Weight Time to Total Weight Time to Total ~ Weight

‘death length - death length death length
5 3.1 320 13 2.5 110 18 5.0 1120
1" 3.3 390 15 2.7 180 79 3.2 295
'9 2.9 290 22 3.3 360 97 3.3 370
24 3.4 420 50 3.5 400 123 4.4 720
27 2.8 260 72 3.5 425 169 4.8 590
31 3.0 305 97 3.0 280 202 3.9 540
42 3.3 395 105 4.0 610 277 3.8 410
50 3.2 340 142 5.9 570 318 3.0 235
67 2.7 240 173 3.7 530 352 3.7 450
72 2.5 170 229 5.9 595 375 3.9 510




Appendix Ab4 ¢ on t d

Temp. (°C) 38.0 37.5

Time to Total Time to ~ Total

death  length  Weight death  length  "eight
188 3.0 305 None died
220 3.3 395
431 3.0 310
555 2.8 260
626 2.9 290
697 3.1 315
940 2.9 295

No death




Appendix AbS

Time to death (min), total length (cm) and weight (mg) of individual rohu Labeo
rohita acclimated to 20°C and tested at different high lethal temperatures in
fresh water

Temp.(°C) 38.0 37.0 36.5

Time to Total Time %o Total Total

o . Time to .
death  lengtn Weight death  length 1eight death  length "eight
6 4.4 820 10 3.8 890 21 3.9 685
7 3.5 455 21 3.9 610 31 4.7 1100
8 3.7 540 26 2.7 690 40 3.7 625
9 3.3 390 30 2.6 555 57 4.0 780
10 4.0 700 34 3.6 500 66 3.0 340
10 5.2 1420 134 5.2 1560 192 3.5 570
16 5.3 400 121 3.5 475 216 2.5 1615
21 1.5 850 157 3.7 620 307 4.5 1705
27 5.5 455 180 3.5 510 322 3.6 675
45 4.5 890 192 3.8 710 340 - 4.3 1220

contad.




Appendix Ab5 c ont d

Temp.(°C) 36.0 35.5 35.0
i
Time to Total o Time to Total . Time to Total _
death  length  "cighT death  length "°18RT death  lengtn "ciebt
75 3.0 365 478 3.7 540 None died
120 3.2 470 531 3.9 620
157 4.9 1290 ~ No death
233 3.7 625
281 4.1 720

No death




Appendix Ab6

Time to death (min), total length (cm) and weight (mg) of individual rochu Labeo
rohita acclimated to 15°C and tested at different high lethal temperatures in

fresh water

Temp.(°C, 36.0 35.5 35.0
Time to Total _ Time to Total . Time to Total .
death  length ‘eight death  length "eisht death  length "¢ient
10 4.9 1100 14 4.0 710 35 4.0 730
11 4.5 945 16 4,2 805 66 4.4 825
13 4.6 980 21 4,9 1090 445 5.2 1590
16 3.6 535 110 3.4 620 649 3.2 620
21 5.0 1210 182 4.3 795 836 4.6 920
23 5.6 1750 239 4.6 920 No death :
24 5.7 1725 283 5.2 1395
32 5.2 1510 318 3.9 695
%6 3.9 695 334 4.1 720
53 3.6 470 407 3.6 4770
Temp.(°C) 34.5
Time to Total Weight

death lengtn

None died.




Appendix Act

(mg)
Pime to death (min), total length (cm) and weight/of individual fringe-lipped carp .
Labeo fimbriatus acclimated to 38°C and tested at different high lethal temperatu-

res in fresh water

Temp.(°C) 42.0 41.0 40.5

Time to Total Weight Time to Total Weight Time to Total'

death length death length death length Weight
39 3.6 590 236 3.5 550 762 2.9 275
41 3.7 640 254 3.6 545 924 3.4 470
42 - 3.4 475 273 3.7 590 1128 3.2 400
44 3.4 500 281 3.8 635 1159 3.9 610
46 2.7 270 284 3.0 310 1211 2.8 210
47 3.3 520 288 3.3 430 1256 3.3 590
50 3.2 410 314 2.7 210 1446 3.5 520
51 3.3 470 326 3.8 675 1467 3.8 595
He 3.5 560 336 3.5 535 1704 2.7 245
55 3.4 495 533 5.0 1180 2039 4.1 740




Appendix 4cl cont d .

Temp.(°C) 40.0 39.5 39.0
Time to Total . Time to Total " Time to Total .
death length Weight death length Weight death length Welght
1240 3.1 300 4547 3.1 295 5366 2.9 245
1745 5.0 285 4853 2.9 245 6023 3.2 270
2787 4.2 830 5267 3.2 270 6709 2.9 260
3345 3.1 380 5822 2.9 260 7179 2.5 1960
3803 3.1 375 5894 2.5 190 7615 2.7 200
4051 3.5 540 6222 2.7 200 7964 2.4 170
41814 3.6 495 6318 2.4 170 8460 2.8 210
4379 3.4 415 65 9% 2.8 210 8913 3.1 270
4713 3.5 475 6673 3.1 270 9440 3.3 295
4885 3.6 480 7008 3.2 275 No death
38.5
Time 1o Total Weight

death length

No death




Appendix Ac2 contd . . .

Temp.(°C) 40.0 39.5 39.0

Time to Total . Time to Total . Time to Total . ;
death length Weight death length Weight death length Weight «
2061 3.3 320 3433 3.1 320 3719 3.2 345
2122 2.9 290 4600 2.9 290 4493 3.0 310
2624 3.2 315 4829 3.3 315 4961 3.1 310
2825 2.8 245 5055 3.2 320 6065 3.2 315
3411 3.4 360 5877 2.8 245 6910 2.9 300
3482 3.1 310 62%2 3.4 360 7395 2.4 195
3592 3.0 295 6652 3.1 310 7890 3.0 285
4189 3.2 300 7170 3.2 300 8703 3.0 305
4494 3.3 295 7516 3.3 295 9013 3.3 300
4833 3.4 350 9188 3.2 295

38.5
Time to Total Weight

death length

None died




Appendix Ac3

Time to death (min) total length (cm) and weight (mg) of individual fringe-lipped
carp, hLabeo fimbriatus acclimated to 300C and tested ab different high lethal

temperatures in fresh water

Temp.{°C) 41.0 40.5 40.0
Time to Total r Time to Total . Time to Total .
death length Wweight death length Weight death length Weight
33 1.7 36 58 2.1 70 134 1.6 30
) 2.0 72 62 1.8 60 164 1.8 60
56 1.8 46 65 i.6 40 174 2.0 65
37 1.6 33 70 1.8 49 178 1.8 50
38 P.5 33 74 1.9 65 187 1.8 49
40 1.7 40 79 1.8 45 195 1.0 60
41 1.6 36 8% 1.5 30 167 1. 60
44 1.7 41 90 1.8 5C 220 1.5 30
45 1.9 69 95 1.7 45 231 1.8 47
57 1.9 62 107 1.6 30 341 1.8 48

contd. . .




Appendix Ac3 c ont d

T v s et

Temp.(°C) 39.5 39.0 38.5
Time to Total _ Time to Total S Time to Total ‘
death . length "eight death  length  Weight death  length Veight
213 2.8 275 2447 2.3 115 None died
255 3.0 290 ' 4141 2.5 150
265 2.7 260 4659 2.6 160
272 2.5 225 4828 3,0 265
289 2.2 195 5893 2.9 240 -
329 2.8 265 6477 2.7 205
322 2.9 270 6914 3.1 205
325 2.3 220 7358 3.0 195
335 2.5 230 T680 2.8 175
776 2.4 235 8070 2.8 190




Appendix Acé

Time to death (min), total length (cm) and weight (mg) of individual fringe-lipped
carp, Labeo fimbriatus acclimated to 25°C and tested at different high lethal tempe-

ratures in fresh water

Temp.(°C) 40.0 39.5 - 39.0
Time to Total Weight Time to Total Weieht Time to Total Weight
death  length "eish death  length 8 death  length "°¢i8
9 2.7 150 17 3.4 350 32 2.8 275
11 2.3 110 19 3.0 245 67 3.0 295
12 2.7 170 40 3.0 275 80 2.7 260
13 2.6 170 44 2.8 210 111 2.5 225
14 2.3 95 46 2.8 240 116 2.7 265
15 3.1 275 49 3.3 290 137 2.3 220
16 2.1 70 50 3.1 320 191 2.9 270
17 2.1 80 51 2.6 200 234 5.1 310
19 2.2 85 53 3.3 380 243 2.9 295
21 2.5 135 59 2.8 225 292 2.6 265

contd.




Appendix Ac4 contd . . .

Temp.(°C) 38.5 38.0 37.5
Time to Total . Time to Total . Time to Total .
death  length "eight death  lengtn 1eieht death  length "eight
164 2.2 120 1382 2.6 240 None died
188 2.4 140 No death
195 2.5 190
231 3.0 255
258 2.8 250
310 2.6 185
351 2.6 190
448 3.1 335
461 3.0 295
2365 3.2 340




Appendix AcH

Time to death (min), total length (cm) and weight (mg) of individual fringe lipped
carp, Labeo fimbriatus acclimated to 20°C and tested at different high lethal tempe-

ratures in fresh water

Temp.(°C) 38.5 38.0 37.5
Time to Total . Time to Total o Time %o Total .
Jeath  length Weient death  length "eieht death  lenath "eieht
4 2.6 145 4 2.1 120 5 2.2 115
4 2.5 140 5 2.4 140 7 2.2 120
5 2.2 140 6 2.5 195 23 2.5 150
6 2.5 195 6 3.0 260 25 2.7 240
8 3.0 255 17 2.7 245 27 2.8 245
10 2.8 245 2% 2.8 255 29 3.2 335
1 2.6 205 22 2.6 195 30 3.1 330
12 2.9 310 25 3.1 330 39 2.7 200
15 2.9 305 34 3.0 305 51 2.7 220
17 3.2 350 38 3.2 345 No death

contid




Appendix

4c5 contad .

Temp.(°C)

37.0
Time to Total o
death length Weight
13 3.3 365
98 3.5 495
1827 3.2 325

No death

36.5

Time to Total

death length,

Weight

No death




gendix Acb

me to death (min), total length (cm) and weight (mg) of individual fringe-lipped
rp Labeo fimbriatus sacclimated to 15°C and tested at different high lethal tempe-

tures in fresh water

—

mp.(°C) 36.5 36.0 35.5

me to Total . Time %o Total . Time to Total .

oath  length "eieht jeath  length "eieht death  length  “eight
4 2.2 118 5 2.1 110 11 3.4 350
5 2.1 110 6 2.4 140 12 3.0 255
6 2.5 160 8 2.5 195 13 3.0 270
6 2.2 125 8 3.0 255 23 2.8 215
7 2.7 245 9 2.8 250 27 2.7 240
8 5.8 250 10 2.6 185 26 3.3 295
8 2.6 210 10 2.6 185 31 3.1 315
9 3,2 350 11 3.1 345 39 2.6 205
9 3.1 330 12 2.0 295 43 3.2 345
10 2.7 200 14 3.2 324 57 2.8 235

ontd. .




Appendix Ac6é c ont 4

Temp.(°C) 35.0 34.5
Time to Total . Time %o Total .
death  length "°l&ht death  length  "oight
19 2.1 160 No death
21 2.2 195
34 2.4 190
38 2.0 190
44 2.9 280
183 2.7 210
218 2.4 205

No death




Appendix Ad1

Time to death (min), total length (cm) and weight (mg) of individual common carp,
Cyprinus carpio (Bankok strain) acclimated to 35°C and tested at different high

lethal temperatures in fresh water

Temp.(°C) 42.0 41.0 40.5
Time to Total . Time to Total . Time to Total :
death  length Weight death  lengtn  7eight death  length  Weight

22 2.7 210 50 2.9 330 70 2.3 145
24 3.0 295 51 2.3 260 76 2.6 205
2 2.7 225 52 3.9 370 82 2.4 150
28 3.2 340 54 2.5 20% 88 2.4 155
30 3.1 335 55 2.5 175 93 2.6 235
319 2.5 190 57 3.0 344 97 2.5 240
52 2.8 240 58 2.5 198 98 2.4 182
30 2.9 265 61 3.0 291 107 2.3 140
30 3.1 400 65 2.7 276 106 2.5 175
35 2.7 240 67 3.2 419 113 2.6 180

coata




Appendix Adl cont 48 .

Temp.(°C) 40.0 39.5 39.0
Time to Total . Time to Total L Time to Total .
death  length Weight death  length “"elght death  length  Weight
81 2.2 128 1066 2.9 325 1412 2.5 195
98 2.6 188 12734 2.8 260 2020 2.7 230
179 2.3 146 1803 3.0 365 3070 3,0 310
216 2.3 15% 1908 2.7 205 3410 2.9 255
260 2.6 237 1987 2.6 180 3857 2.6 205
292 2.6 240 2084 3.0 340 4236 2.7 275
446 2.5 182 2121 2.5 200 4584 2.5 205
491 2.2 133 2290 3.0 295 4609 3.0 290
536 2.5 175 2416 2.7 275 4857 2.7 250
691 2.6 178 2932 3.2 425 5006 3,9 376

c ontd




Appendix AdY c ont d

Temp.(°C) 38.5 38.0
Time to Total . Time to Total .
death length Weight death length Weight
3553 2.1 105 No death
4187 2.0 95
5142 2.4 100
5827 2.2 122
7383 2.1 112
9381 2.2 103

No death

Ly




Appendix Ad2

Time to death (min), total length (cm) and weight (mg) of individual common cary,
Cyprinus carpio (Bankok strain) acclimated to 30°C and tested at different high

lethal temperatures in fresh water

Temp(°C) 41.5 41.0 40.5

Time to  Total _ Time to  Total . Time to  Total s e

Jeath  length  eish¥ death  lengtn teieht death  length  "eieh®
7 2.7 170 22 2.9 250 28 2.2 105
1 2.7 230 24 3.1 315 41 1.9 65
» 2.6 175 28 2.7 225 46 2.6 155
15 2.8 255 29 3.3 395 50 2.1 80
16 2.8 235 30 5.1 350 52 2.15 20
17 2.9 270 31 3.4 475 55 2.5 140
18 2. 275 3 301 405 57 2.5 160
19 2.7 230 30 3.1 540 64 235 115
19 2.4 140 34 5.1 200 1 2.55 220
20 2.7 195 34 2.7 215 75 2.3 125




Appendix 4d2 c on td .

Temp.(2C). 40.0 35.5 39.0

Time to Total . Time %o Total e Time to Total = -, .

death length Weight death length Weight death length Weight
50 - 2.9 270 199 2.9 255 288 2.9 270
59 2.7 250 236 3.1 320 387 2.1 115
61 2.7 270 307 2.7 225 432 2.7 270
62 3.0 395 326 3.3 390 464 3.0 380
63 2.8 310 347 3.1 350 669 2.8 310
64 2.8 290 369 3.2 3295 694 2.7 260
65 2.8 250 469 3.1 350 943 2.8 250
78 2.7 290 492 3.1 345 1032 2.6 235
83 5.1 395 554 3.1 400 1208 3.1 395
98 2.8 315 577 2.9 265 1250 2.5 215




Appendix Ad2 ¢ o n % d .

Temp. (°C) 38.5 : 38.0 : 37.5
Time to Total . Time to  Total . Time to Total Y
death  length Weight 3 oatn length  Welght death  length  Yoight
403 2.6 165 3751 2.8 245 No death .
489 2.7 295 4166 2.8 230
575 2.1 178 4252 2.6 190
744 2.1 110 4695 2.7 215
800 3.0 235 5542 2.3 125 37.0
933 2.9 250 1407 2.5 230
2279 2.3 230 8652 2.4 170
2756 2.4 115
3041 2.7 280 No death No death
3847 2.5 215




Appendix Ad3

Time to death (min), total length (cm) and weight (mg) of individual common carp
Cyprinus carpio (Bankok strain) acclimated to 25°C and tested at different high

lethal temperatures in fresh water

. Temp.(°C) 39.5 , 39.0 ‘ . 38.5
Time to Total . Time to Total v Time to Total .
death  length 1¢ight death  length "eight death  length Yeight
3 1.8 85 4 2.1 120 13 1.9 90
4 1.7 42 5 2.0 110 14 2.0 105
7 1.8 90 6 1.9 70 - 22 2.2 125
8 2.0 118 9 1.9 80 26 2.0 110
11 1.9 75 21 1.6 60 35 1.9 90
12 1.9 90 24 1.8 80 48 2.2 128
19 2.0 110 41 1.8 85 - 62 1.6 85
21 2.0 115 56 2.1 120 T4 1.5 50
25 2.5 125 . 1 2.2 160 105 1.7 60
32 1.7 55 13 1.8 95 160 1.8 85

contad .. . .

el




Appendix Ad3 c on t 4 .

Temp.(°C) 38.0 37.5 37.0

Time to Total Time to Total Time to Total

Weight

death  length death  length Welght death  length Welght
17 1.8 75 26 1.7 69 36 1.8 80
23 1.9 93 34 1.8 68 55 1.6 39
30 2.1 112 38 1.0 49 110 1.9 90
38 1.9 90 58 1.9 92 132 2.0 118
61 1.9 91 67 1.9 73 122 1.9 70
64 2.2 123 99 2.1 118 197 2.0 110
69 1.9 83 404 2.0 97 577 2.0 112
76 1.6 50 433 2.1 120 755 2.6 127
86 1.7 56 474 1.8 98 1041 1.7 56
87 1.8 77 540 1.9 80 1980 1.9 65

contgd.




Appendix Ad%3 contd . . -

Temp.(°C) 36.5 36.0
Time to Total . Time to Total .
death  length Weight ime 5’ lengen  teient
57 1.7 70 No death
135 2.0 95
168 1.9 140
232 2.2 89
475 1.9 92
642 2.1 120

None died




Appendix Ad4

Time to death (min), total length (cm) and weight (mg) of individual common carp
Cyprinus carpio (Bankok strain) acclimated to 20°C and tested at different high

lethal temperatures in fresh water

Temp.(°C) 37.0 , 36.5 v 36.0

Time to Total Time %o Total Time %o Total

death  length "eight death  length “eisht death  length 'cight
5 2.4 120 6 2.6 155 9 2.4 115
6 2.2 105 7 2.9 245 16 2.0 95
7 2.9 235 8 2.9 205 17 2.9 228
7 2.4 105 9 2.7 210 32 2.5 125
8 2.6 175 13 2.3 145 154 2.1 85
9 2.6 185 14 2.6 180 179 2.7 185
1 2.1 72 16 2.5 195 328 2.6 175
17 2.7 175 48 2.0 90 401 2.5 180
68 2.5 180 55 2.2 130 433 2.1 75
107 2.1 70 119 2.3 140 662 2.6 125

c on it d




Appendix Ad4 contd . . .

Temp.(°C) 35.5 35.0
Time to Total . Time to Total .
death length Weight death length Weight
16 2.7 205 61 2.2 g0
19 2.7 185 85 2.3 145
21 2.4 155 107 2.6 162
150 2.6 150 No death
526 2.7 210

No death




Appendix A4S

Time to death (min), %otal length (cm) and weight (mg) of individual common carp

Cyprinus carpio (Bankok strain) acclimated to 15°C and tested at different high

lethal temperatures in fresh water

Temp.(°C) 35.5 /// 35.0 %4.5
Time to Total . Time to Total . Time to Total
death  length  ‘eleht death  lengtn "eisnt death  length "eleht
3 2.7 185 7 2.5 145 22 2.4 105
2 2.7 205 8 2.7 225 67 2.2 125
5 2.4 155 10 2.9 205 80 2.3 115
7 5.3 170 11 2.6 205 268 2.1 175
13 2.9 325 13 2.4 155 313 2.9 285
22 2.8 220 200 2.5 175 337 2.7 175
31 2.7 260 212 2.4 185 416 2.5 185
16 3.1 355 234 2.0 50 No death
58 2.8 255 247 2.1 120

contd. . .




Apprendix Ad5 c¢c on t d .
Temp.(°C) 34.0 33.5
Time to Total - . Time to Total .
death length Weight death length Weight
157 2.3 115 No death
234 2.9 235

No . death




Appendix Ael

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet, Rhinomugil corsuls acclimated to 35°C and tested at different high lethal
temperatures in fresh water

Temp.(°C) " 42.0 41.0 40.5

Time to  Total . Time to Total o Time to Total —_
death  length  Weight Weight death  length “eisht

death length

19 12.3 14250 60 12.3 14550 149 1.5 10850
22 11.2 10550 76 11.6 12050 160 10.7 10800
25 11.5 11900 96 11.2 10000 178 11.8 11750
28 11.0 10050 100 1.1 10500 202 12.2 13950
32 10.8 10100 108 10.9 9900 230 10.4 7850
34 11.6 11750 116 12.5 16100 232 11.6 12100
40 12.5 15800 135 10.8 9800 241 12.0 13500
43 10.9 10200 152 9.9 1300 269 11.1 10900
52 11.8 12250 153 1.4 10500 299 1.4 10850
60 9.8 8550 175 G.0 5700 - 304 10.9 10400

contd. . .




appendix Aet contd . .

Temp.(°C) 40.0 39.5 39.0
Time to  Total . Time to Total s Time to Total o
death length Weight death length “eléht death length Weight

193 10.5 7300 244 11.2 10700 241 10.6 9200
200 10.8 7900 266 10.9 8100 337 10.4 - 8900
253% 12.7 14900 405 10.7 9350 524 10.3 9000
281 11.4 10300 418 11.5 10800 691 11.6 11700
284 1.5 10200 535 12.3 14050 850 11.5 10400
309 10.5 7800 557 11.6 10750 ~ - 885 12.1 13900
317 12.95 14200 5673 10.5 10100 925 1.4 13300
340 10.8 9700 587 12.0 13100 957 11.4 13400
348 13.5 19200 653 11.4 10750 998 10.3 10400
389 12.1 13000 776 1241 12500 1032 9.6 7000

contad ..




Appendix 4el contd . . .

Temp.(°C) 38.5 38.0 37.0

Time to Total Time to Total Time to Total

death length Welght death length Weight death length Weight
668 11.2 11900 1020 11.1 9800 2423 10.9 10500
174 11.6 13200 1528 1.7 12100 3211 10.0 7200
858 11.4 11950 2023 10.6 11400 3868 12.1 13600
1228 10.5 9500 2410 10.9 10000 4035 1.7 10380
14473 10.2 9350 2475 10.3 7100 4360 10.9 10060
1557 9.4 7500 2732 11.5 11300 4385 10.8 10040
1783 11.3 11100 2803 1.7 11200 4480 5.9 7600
1910 9.2 6900 2823 12.9 14700 4615 10.4 9100
1959 12.2 14950 3074 9.6 6200 4648 1.0 10090
2182 1.3 11700 3201 10.6 9000 4650 .05 6040

c.ont.d .




Appendix Ael contd . . .

Temp.(°C) 36.5 36.0

Time to Total e Time to Total .
death length Weight death length w§1ght
2475 11 10600 None died
5738 1.3 10500

6007 9.7 7900

6431 10.2 8500
9040 8.4 4650

10040 9.9 6270

11657 8.7 5200

No death




Appendix Ae?

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet, Rhinomugil corsula acclimated to 30°C and tested at different high lethal
temperatures in fresh water

Temp.(°C! 41.0 40.5 40.0

Time to Total Time %o Total Time to Total

death  length 'oight death  length  'eieht death  length "eieht
20 8.6 4600 35 10.7 9200 69 10.1 7800
28 12.7 16650 a1 11.0 8950 78 10.7 9750
31 11.4 12550 48 10.5 8200 86 9.4 6400
10 11.6 13700 59 12.0 12650 89 17.6 11900
44 9.9 7500 73 9.8 6900 120 10.9 10600
47 10.3 8700 76 1.2 13700 127 1.1 13200
53 12.5 16150 80 10.9 10350 140 12.6 16300
61 10.5 8950 85 11.0 9100 159 11.9 14800
67 10.4 8600 111 10.4 7700 161 9.9 7750
13 10.4 8300 171 11.5 12600

contd . . .




Appendix 42 ¢ cn t d

Temp.(°C) 39.5 35.0 38.5
Time to Total . Time to Total . Time to Total .
death  length “eight death  length Weight death  length "eleht
178 10.8 9300 578 11.3 12050 933 10.5 9000
252 10.9 8800 598 11.5 13200 1076 10.4 8800
285 10.4 8350 617 1.5 12300 1220 10.5 9260
302 12.1 12750 631 10.2 G400 1467% 10.3 9000
313 9.8 6700 642 9.1 6400 1593 11.2 10500
353 11.9 13450 647 9.4 7050 1767 11.5 10400
378 11,0 10400 649 9.0 7000 1803 11.4 13300
394 11.1 9050 676 9.2 6850 2068 11.3 13400
412 10.4 7850 721 12.3 15900 2161 10.2 10100
511 10.5 8300 749 1.3 11800 2487 9.5 6900

contd.




Appendix Ae2 c ontd . ..

Temp.(°C) 38.0 37.0 36.5

Time %o Total Time to Total - Time to Total

jeath  length  'eight death  length  'e&ht death  length Noieht
997 12.6 19350 2552 11.0 6500 3400 t1.4 12800
1738 12.6 16150 2865 10.0 5800 1208 11.5 12500
1762 10.9 9500 3395 11.8 9500 5360 12.5 20600
1970 11.5 11200 1600 10.5 8500 7773 11.5 13100
2151 1.8 13000 4712 11.2 6900 8233 11.6 12900
2161 10.4 8750 4780 1.5 9500 8905 10.9 11300
2217 8.4 6400 4874 10.7 £500 9187 11.2 12500
2371 11.0 11300 4982 11.8 9200 “
2435 10.6 10600 5158 11.5 9100 No death
3124 7.5 4100 5445 10.9 6200

contvtada .

T U



Appendix 4e2 c ontd ..

Temp.(°C) 36.0

35.5

" Time to Total

Time to Total

death  length "°i&R% death  length  "cl&ht
3417 9.8 6850 None died

3867 10.1 7900

5520 10.2 7580

No death




Appendix - Ae3

Time to death (min), total length (cm) and weight of individual freshwater
mullet, Rphinomugil corsula acclimated to 25°C and tested at different high lethal
temperatures in fresh water

Temp(°C)  40.0 39.5 39.0

Time to Total Time to Total

e’ lengtn "eieht T en length "eient ioo®  lengtn  "eient
19 6.7 1900 49 6.7 1850 55 10.4 8550
28 6.3 1450 65 6.4 1400 105 11.2 12050
34 7.5 2825 70 7.8 2790 140 10.2 9900
43 7.2 2370 74 7.2 2300 150 10.0 8700
47 7.6 3115 84 7.8 3415 199 12.8 16900
50 8.7 1530 110 8.5 1000 201 128 16900
59 8.0 3520 124 8.6 3500 216 10.0 8450
74 7.5 3000 144 7.2 3140 255 12.0 13700
78 6.4 1875 181 6.5 1985 302 138 22400
93 7.4 2875 191 7.3 2860 335 17.5 13800

*

contd. . . 3




Appendix Ae3 c ont 4.

Temp(°C) 38.5 . 38.0 37.0
Time to Total - Time to- Total . Time to Total .
death length Welght death length Welght death length Weight
489 8.6 4600 1129 6.9 1800 1835 10.8 9300
558 12.6 16650 1205 T 2100 2262 10.9 8800
654 11.4 12500 1277 7.1 2000 2509 10.5 . 8400
719 11.6 13700 1343 7.0 1800 2684 12.2 13000
762 9.9 7500 1476 6.9 2700 3020 9.8 6700
862 10.3 - 8700 1476 7.8 3600 3183 12.0 13500
925 12.5 16150 1729 7.4 2500 3353 11.0 10500
1159 10.5 8950 1970 7.2 2100 3494 1.1 9100
1231 10.4 8600 2467 7.9 2900 3543 10.5 7700
1354 11.3 11800 2858 7.8 3500 3696 10.5 8400

contad.




Appendix 4Ae3 c ont d .

Temp (°C) 36.5 “ 36.0 35.5

Time to  Total . Time to Total : Time to Total :
death  length "SMT  Tqoapn  lengpy Weisnt  TiOR 0 TORAL  yeignt

4695 7.3 2450 6591 11.5 12750 None died
4972 6.9 2100 6717 12.5 20600
5204 7.2 2300 6973 1.5 13100
5956 6.9 ~$+950 7669 1.6 12300
6428 6.4 1700 7966 10.9 11200
6775 7.3 2100 9146 11.1 12500
7282 7.8 3250 10726 11.4 12500
7643 7.6 2780 No death
8934 7.5 3950
G521 7.5 3500




Appendix Ae4

temperatures in fresh water

Temp(©°C)  38.0 37.0 36.0
Time to Total . Time to Total . Time to Total .
death length Wweight death length Weight death length Weight
1 12.2 10000 133 10.1 9825 539 10.0 7400
2 11.6 8000 271 1.3 13075 1332 8.5 3400
4 11.2 7700 323 11.5 14150 1789 11.0 8500
5 9.5 3700 344 10.7 9850 2154 11.2 8100
7 11.5 9000 357 10.8 9175 2701 11.6 7800
122 10.2 5300 385 11.0 11150 295% 12.8 12600
159 11.6 8500 515 9.8 8950 3206 1.7 9200
162 9.7 5000 577 1C.8 12400 3587 11.4 8700
166 8 2 -3000 688 9.7 8600
310 13.0 12000 892 9.7 8350

contg.




Appendix Ae4 c on t d .

Temp(°C) 35.0 ‘ 34.0 33.5

Time to Total . Time to Total S Time to Total _
death length Weight death length Weight death length Weight

2086 - 10.7 8100 3561 12.0 11800 None died
2201 11.6 8700 3753 11.5 9600

2506 10.2 6000 4930 11.0 5500

2751 10.5 8000 6729 1.7 9000

3471 10.8 7400 9291 10.5 9500

3886 10.4 6200 10289 11.2 - 8400

3988 10.0 6400 No death

4197 10.2 6500




Appendix Ae5

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet, Rhinomugil corsula acclimated to 15°C and tested at different high lethal
temperatures in fresh water

Templ°C)  36.0 35.0 | 34.0

Time to Total .Time to Total Time to  Total

death  length "eight death  length "eight death  length "eight
11 6.7 1900 123 5.8 1100 388 5.7 1315
13 6.3 1455 309 6.1 1350 1607 6.5 1705
17 7.5 2820 345 6.2 1530 1737 6.9 1980
128 7.2 2380 509 8.7 3960 1878 6.2 1580
167 7.6 3125 641 8.3 3630 2791 7.0 2345
223 8.7 4550 678 5.8 1290 3192 8.7 4535
237 8.0 3525 980 7.8 2800 5351 7.9 3405
273 7.5 3010 1264 71 2150 3826 9.2 2900
341 6.5 1950 1305 7.0 1915 2168 6.5 15350
442 7.5 2870 1950 8.2 3250 4758 7.5 2810




Appendix Ae5 con td .

Temp(©°C)  33.0 32.5 32.0
Time to Total . Time to Total . Time to Total .
Jeath  length "ei&ht death  length 'oi&ht death  length "c18RF
1457 6.6 1825 2461 7.4 3050 None died

2022 6.4 1720 2974 8.3 4725

2146 7.0 1895 5621 7.6 3690

3793 6.2 1530 5912 8.7 5520

4165 8.7 3915 6849 8.1 2410

4406 6.9 2060 7187 8.6 5050

4657 7.0 2015 7856 7.2 2600

6296 7.3 2090 8731 6.5 1290

7107 8.0 3205 9638 7.6 2595

7404 8.2 3310 10068 7.4 2800




~Appendix Bafl ‘ : .

Time to death (min), total length (cm) and weight (mg) of individual mrigal, Cirrhinus
mrigala acclimated to 38°C and tested at various low lethal temperatures in fresh

3

water
Temp.(°C) 18.0 18.5 | 19.0 .
Time to Total o Time to Total e Time to Total o
Jeath  lenmgth  eieh® Jeath  lensth  "eieht death  length  "eight
14 4.9 985 15 4,0 525 1061 4.6 875
16 4.6 810 21 2.8 440 1152 4.8 1020
287 4.6 745 518 4.3 7C5 1171 4.8 1010
383% 4.2 590 686 4.8 890 1549 4.5 910
477 4.7 925 740 4.6 765 1685 4.7 « 990
594 4.7 1005 877 4.7 810 1842 4.1 630
792 4.4 760 1009 4.7 835 1892 4.2 645
829 4.5 780 1205 4.1 550 2163 4.5 845
1025 4.1 710 1222 4.1 540 2194 4.4 740
1096 4.5 805 1413 4.9 1005 2644 4.2 630

contada.




Appendix Baf

con+it g .

Temp.(°Cc) 19.5

Time to Total .
death length Weight
1515 4.2 o275
1783 4.4 695
2309 4.0 590
2858 4.2 605
3146 4.6 780
3397 4.3 695
3624 4.1 515

No death

120.0
Time to Total .
death length Weight
No death




Appendix Ba?l

Time to death (min), total length (cm) and weight (mg) of individual mrigal
Cirrhinus mrigala acclimated to 35°C and tested at various low lethal tempe-

ratures in fresh water

Temp.(°C' 17.0 ' 17.5 18.0
Time %o Total o Time to Total S Time to Total .
death  length  teleht death  length "eieht death  length "eight

9 5.1 1310 335 4.2 620 560 4.8 1040
15 4.6 1015 385 3.7 430 596 4.5 810
19 4.6 920 418 4.3 710 612 4.7 995

251 4.2 870 437 4.3 130 681 4.8 1010
399 4.6 1130 586 4.6 800 1057 4.3 730
418 4.6 1075 743 4.8 805 1138 4.5 830
564 4.4 830 761 4.7 830 1165 4.1 635
642 4.2 810 838 4.1 550 1205 4.2 640
670 4.1 770 889 4.0 505 1251 4.5 845
718 4.6 980 1055 5.2 1200 1337 4.4 760




Bt SO ey - - . rr

Appendix

e v, S

Ba2 ¢ ont g

Temp.(°C) 18.5

Time +to Total -
death length Weight
2472 4.7 925
2554 4.6 870

o death

19.0

Time to Total s
; B
death length "eight

No death




Appendix Ba3 c o nt d

Temp.(°C) 16.5

Time to Total

death length Weight
22 3.8 540
1496 4.2 575

No death

17.0

Time to Total .
death  length "eisht
No death




~ Bpendix Bad

BMne to death (min), total length (cm) and weight (mg) of individual mrigal Cirrhinus mrigala
mclimated to 25°C and tested at various low lethal temperatures in fresh water

BWpp. (°C) 12.5 ‘ 13.0 . 13.5 14.0

Wne to Total . Time to Total . Time to Total . Time to Total ., .
death  length "ei€1F  Taooin length We18BY qeath  lengtn We18MT  Tgeatn  lengtn Velent
12 4.1 540 11 3.8 415 737 4.2 700 2023 4.9 700
14 3.95 505 15 3.7 400 920 3.9 500 2293 4.2 600
15 4.0 545 17 4.3 615 - 1073 3.8 460 2551 3.7 440
18 4.6 800 21 4.1 540 1098 3.9 510 3617 3.9 540
125 4.2 560 297 3.1 250 1168 4.2 670 4522 3.5 375
51 4.1 555 315 3.8 490 1185 3.8 440 4746 4.0 578
887 4.0 540 442 4.0 500 1355 3.9 500 No death

215 3.7 470 583 3.9 550 1480 4.0 485

263 4.0 530 715 4.5 745 1539 4.7 805

292 4.3 630 989 4.5 810 1892 4.1 500

Tnp.(°C) 14.5

Bpe to Total Weight

d#eath length

| B death

‘T-iu. e




Appendix Bab

Time to death (min), total length (cm) and weight (mg) of individual mrigal,
Cirrhinus mrigala acclimated to 20°C and tested at different low lethal

temperatures in fresh water

Temp.(°C' 9.5 10.0 10.5

w——

e v ————

Time to Total Time to Total Time to Total

death  length  “eight deatn  length "eisht death  length Yeight
7 3.7 410 10 5.5 365 13 4.2 595
8 3.9 450 12 3.5 425 804 (.8 38
9 4.2 600 17 3.2 570 1129 4.1 560
10 4.2 580 637 4.3 605 1546 4.2 850
10 4.2 600 9%2 4.2 545 1628 4.0 550
1 4.3 665 953 4.6 795 1731 4.0 220
13 4.2 550 1162 4.4 705 1961 4.35 760
12 4.8 895 1406 4.8 890 2032 3.9 530

864 4.4 790 1902 4.3 650 2682 4.1 280

1093 4.3 650 2099 4.1 620 2771 3.8 210




Appendix Ba5 conit 4 .

Temp.(°C) 11.0 11.5
Time to Total . Time to Total T
death  length "eight death  length "eight
1008 4,0 502 No death
2165 4.1 515
3109 4.7 805
3481 4.1 560
3700 4.8 900
4179 4.2 580
4692 4.0 540
5363 4.3 725

No death




Appendix Bab

Time to death (min), total length (cm) and weight (mg) of imdividual mrigal ,
Cirrhinus mrigala acclimated to 15°C and tested at various low lethal
temperatures in fresh water

Temp.(°C) 8.0 8.5 9.0
Time to Total . Time to Total . Time to Total .
death  length Weight death  lengtn “eisht death  length "eight
5 4.0 575 7 4.1 680 8 4.4 800
8 3.9 470 9 3.8 480 15 4.1 720
12 2.7 895 15 4.9 1020 16 4.0 610
15 4.5 725 17 4.5 800 335 4.5 83
16 4.6 790 122 4.8 920 354 4.4 820
97 4.6 760 145 4.6 820 390 3.8 565
113 4.1 485 167 4.0 480 549 3.9 580
136 4.5 780 171 4.5 825 743 4.4 750
140 4.2 605 173 4.2 625 No death
153 4.3 680 189 4.4 795
Temp.(°C) 9.5 .

Time to Total .
death  length Veisht

No death




Appendix Bb1

Time to death (min), total length (cm) and weight of individual rohu Labeo rohita
scclimated to 35°C and tested to various low lethal temperatures in fresh water

Temp.(°") 17.0 18.0 19.0
Time to Total . " Time to  Total . Time to Total
Jeath  lemgtn  eight Jeath  length “eient death  lengtn "eight

13 2.3 130 148 4.0 525 491 3.9 475
145 2.3 145 317 3.7 490 578 3.7 420
180 2.7 205 339 2.5 130 746 3.0 295
2e5 3.0 285 373 3.3 325 997 3.2 325
264 3.8 570 408 4.2 670 903 4.2 645
316 3.3 390 435 5.8 620 1110 3.7 595
355 5.2 535 487 4.5 900 1438 4.3 745
387 3.7 510 523 4.4 105C 1843 4.2 890
438 3.5 420 592 4.2 850 2060 4.5 850
446 3.8 620 669 4.5 1150 2303 3.9 650

contd ..




Appendix Bbl contd . ..

Temp.(°C) 19.5 u 20.0

Time to Total Time to Total

death  length Weight death  length "elight
642 3.9 695 None died

850 5.2 1515

1093 4.0 670

1636 4.4 930

No death




Appendix BbZ2

Time t0 death (min), total length (cm) and weight (mg) of individual rohu, Labeo
rohita acclimated to 30°C and tested to various low lethal temperatures in
fresh water

Temp.(°C) 15.5 16.0 16.5

Time to Total Time %o Total Time to Total

death  length  "elisht death  length "eight death  length  "eight
7 3.5 450 564 2,6 1205 1332 3.5 350
228 3.6 490 641 2.9 180 1596 3.2 305
375 3.9 620 704 3.0 260 2399 2.8 245
479 3.9 655 913 3.3 370 3094 2.9 270
612 4.1 670 1099 3.4 380 3554 3.6 465
837 3.9 600 1170 2.7 180 4512 3.7 495
982 1.2 800 1301 2.7 180 No death
1120 3.8 630 1450 2.9 230
1202 3.0 285 1540 3.0 290
1271 3.3 395 1785 3.3 395
Temp,(oC) 17.0
Time %o Total e
death length weight
1460 2.7 180

No death



Appendix Bb3

Time to death (min), total length (cm) and weight (mg) of individual rohu,Labeo
rohita acclimated to 25°C and tested at various low lethal temperatures in

fresh water

Temp.(°C) 12.5 13.0 13.5
Time to Total . Time +to Total . Time to Total .
death  length 1eieht death  length reignt death  length "eight

21 3.6 395 189 3.1 260 1073 2.6 210
294 3.2 360 300 3.4 370 1167 3.0 290
328 3.5 380 469 2.6 200 1242 3.2 340
372 3.1 360 556 3.0 290 - 1507 4.1 710
451 3.4 455 640 5.1 300 1615 4.3 860
535 3.3 410 737 3.2 360 1692 4.0 650
578 4.1 735 814 3.3 370 1770 4.5 910
685 5.6 505 970 3.4 395 1945 4.2 870
832 3.4 480 1203 3.5 410 2158 4.4 915

1396 3.9 550 2593 5.0 1420

contd .




Appendix Bb3 c ont d . .

B ]

Tewmp.(°C) 4.0 14.5

Time to  Iotal - Time to Total SR
dea"h Zength Welght death length Welght
1487 3.0 295 1689 ‘3.4 4770
L8357 4.7 675 No death
1991 4.0 650
2037 4.2 720
3572 4.3 860

No death




Appendix Bb4

Time to death (min),

total length (cm) and weight (

rohita acclimated to 20°C and tested at various low
fresh water

Temp.(°C)

ng) of individual rohu, Labeo
lethal temperatures in

8.5 9.5 10.5
Time to  Total . Time to Total . Time to Total o
death  length Weight death  length Weight death  length Weight
6 3.6 510 11 3.7 520 55 3.95 750
'8 4.1 675 14 3.8 585 180 4.0 750
9 4.8 1010 15 4.5 580 209 4.3 1080
10 4.2 810 21 3.8 590 242 4.7 810
11 4.4 825 90 4.2 750 424 4.5 1190
72 4.8 1145 108 3.5 510 500 4.5 1140
87 4.5 1005 132 3.5 545 552 4.3 1105
104 4.8 880 178 3.7 590 6473 4.6 1235
110 4.7 995 222 3.9 655 894 4,2 930
250 3.6 570 1023 4.5 1265

contd .




Appendix Bb4 ¢ o n t d

Temp.(°C) 1.5 12.0
Time to Total ) Time to Total .
death  length Weight death  length "eight
T4 4.4 900 No death

1281 3.75 605

1480 3.8 620

1565 3.3 375

2079 3.7 610

2533 4.3 895

No death




Appendix Bb5

Time to death (min), total length (cm) and weight (mg) of inmdividual rohu, Labeo
rohita acclimated to 15°C ang tested at various low lethal temperatures in
frgsh water

Temp.(°C) 8.0 8.5 9.0
Time to  Total : Time to Total . Time to Total _—
death  length Velght death  lengtn Yeight death  length "eight
11 2.9 235 29 5.0 1120 30 4.6 920
19 2.7 190 44 4.8 925 80 4.2 720
21 3.0 280 85 4.9 1100 3370 4.8 925
22 3.0 260 134 4,3 720 4460 5.0 1120
31 3.5 430 ‘176 5.6 1780 5125 4.3 730
33 3.5 460 1991 5.8 1740 5590 5.8 1740
185 3.0 275 2539 6.8 2690 6214 6.8 2645
230 2.5 195 3014 5.5 1690 No death
563 3.1 295 4012 5.7 1785
521 2.8 235
Temp.(©C) 9.5
Time to Total .
death length Weight
2963 2.9 285

No death




Appendix Bel

Time to death (min), total length (cm) and weight (mg) of individual fringe lipped
carp Labeo fimbriatus acclimated to 38°C and tested at various low lethal tempera-

tures in fresh water
Temp.(°C) 17.5 18.5 19,5
Time to Total

Time to Total Time to Total

death  length Weieht death  length 1eight death  length "eight
7 2.7 160 85 4.3 930 422 4.0 820
9 3.0 295 120 4.5 1100 443 5.1 1800
13 3.75 570 206 4.3 1050 490 2.5 1210
15 3.3 405 235 4.3 915 547 4.0 850
165 1.2 870 293 4.2 800 592 3.1 400
199 3.8 710 371 4.7 1270 680 3.7 595
255 3.6 510 348 4.5 11%0 777 5.7 640
272 4.3 930 375 4.5 1070 807 4.0 870
307 6.3 1830 430 4.3 990 974 4.7 1330
a4 4.4 990 488 4.4 1030 1007 3.9 760




appendix Bclt cont d . .

Temp.(°C) 21.0 - 21.5
lime to Total : Time to Total A
Weight death length leight

death length

847 5.0 1470 No death
885 5.0 1440
108 4.3 1030
1232 4.1 880
4429 4.2 805

No aeath




Appendix Be?2

Time to death (min), total length (cm) ang weight (mg)of individuvgl fringe-lipped
carp, Labeo fimbriatus acclimated to 35°C and tested at various low lethal tempe-
ratures in fresh water

Temp.(°C) 17.0 17.5 18.0

Time to Total Time to Total Time to Total

death  length Velght death  length "eight death  lengtn "eight
12 2.7 245 16 2.8 240 19 3.6 440
15 3.1 310 19 3.0 295 407 - .4 960
23 3.3 385 360 3.2 325 598 4.5 1020
25 2.9 305 430 2.9 290 704 4.0 800
404 3.1 325 474 3.1 320 755 4.0 780
441 3.0 295 590 3.0 310 940 4.7 1420
5373 2.8 295 825 2.8 295 1037 4.3 1030
602 3.0 345 923 3.1 325 1135 4.5 1100
740 3.3 380 960 3.3 395 1250 4.3 940
814 5.4 470 1083 3.5 490 1327 50 1500




Appendix Bec2 c ontd .

Temp.(-C) 18.5 19.0

Time to Total . Time to Total .
death  length Veight death  length "eight
110" 4.1 625 5821 4.2 925
1408 3.8 595 No death
1619 4.1 680
2748 3.2 345
2965 4.0 790
3554 4.2 815
4242 3.5 440

4309 3.9 645

No death




Appendix Be3

Time to death (min), total length (cm) and weight (mg) of individual fringe-lipped
carp, Labeo fimbriatus acclimated to 30°C and tested at various low lethal tempe-
ratures in fresh water

Temp.(°C) 15,5 16.0 16.5
Time to Total — Time to Total N Time to Total .
death  length Weight death length Weight death  length Weight
11 2.9 290 12 2.5 180 11 2.0 98
12 2.3 120 15 3.0 325 18 2.8 235
12 2.4 140 20 2.7 235 22 2.8 240
15 3.1 320 1117 2.6 220 28 2.7 210
16 2.7 215 1374 3.5 580 1878 2.8 255
18 2.9 310 1462 3.3 425 2397 2.7 200
19 2.8 240 1624 3.0 330 3151 2.9 265
191 3.8 745 1723 2.9 295 3458 2.8 250
254 3.4 530 1770 2.8 275 3792 2.9 285
323 2.5 190 2076 2.7 200 4438 3.3 425




Appendix Bec3 ¢ o n td .

Temp.(°C) 17.0 17.5
Time to Total _ Time to Total ;
death  length Weight death  length "eight
3013 2.9 285 No death

3823 2.5 180

4005 3.0 355

4325 3.1 340

4947 3.0 325

5592 2.8 255

5954 3.1 350

No death




Appendix Bce4d

Time to death (min), total length (cm) and weight (mg) of individual fringe-lipped

carp Labeo fimbriatus acclimated to 25°C and tested at various low lethal tempera-

tures in fresh water

Temp.(°C) 13.0 13.5 14.0

Time to Total Time to Total Time to Total

death  length  f1eieh® death  length "elight death  length "eight
3 3.0 225 12 2.9 220 16 2.3 160
6 2.9 235 16 2.7 180 18 2.5 170
8 2.4 120 22 2.5 145 24 2.% 110
9 2.7 190 409 3.1 330 557 3.2 340
11 2.3 120 438 3.1 370 644 3.0 300
14 2.6 180 450 2.9 295 863 2.8 225
117 2.6 195 459 3.5 455 977 2.7 210
24 2.6 205 501 2.6 220 2202 3.0 290
31 °1 215 524 3.0 300 2334 2.6 185
54 3.1 315 719 3.5 160 2827 3.2 340

contvtad.




Appendix Bec4d ¢ o ntd.

Temp.(°C) 14.5 15.0

Time to Total . Time to Total .

death  length Weight death  length Weisght
26 2.4 170 1923 2.9 285
57 2.6 190 No death

3057 2.9 290

3562 3.1 310

4049 2.5 380

4488 3.3 385

504 1 2.8 180

5538 2.7 180

5993 3.0 280

6033 3.1 300




Appendix Beb

Time to death (min), total length (cm) and weight (mg) of individual fringe-lipped
carp, Labeo fimbriatus acclimated to 20°C and tested at various low lethal tempera-

tures in fresh water

Temp.(°C) 44 ¢ 1.5 12.0
Time to Total . Time to Total I Time to Total
death  lengtn  Weight death  lenmgth  Weight  “go 4y jopgby  Weisht
6 2.5 165 11 2.6 180 15 2.4 125
7 2.6 175 13 2.7 205 18 2.5 135
9 3.0 270 12 2.8 205 768 2.7 220
11 2.8 270 17 3,2 295 989 2.4 145
14 3,1 230 604 2.7 220 1084 2.6 200
18 3.5 385 685 2.7 235 1692 2.7 235
732 3.0 380 93] 2.4 145 1880 2.5 165
1098 3.0 380 1074 3.1 360 2079 3. ] 325
1365 3.3 330 1248 3.2 400 2134 3.0 320
1720 2.6 200 2597 2.6 215

c on td




Appendix Beb5 contd . . .

Temp.(°C) 12.5 13.0

Time to Total o Time to Total L
death  length "°HERT death  length "eight

902 2.2 110 No death
1363 3.1 390
2295 2.7 210
2555 2.9 280
3229 2.5 180
3808 2.7 230
4120 2.4 130
5088 2.8 180
5333 2.5 260
6312 3.1 315




Appendix Bcb

Time to death (min), total length (cm) and weight (mg) of individual fringe-lipped
carp, Labeo fimbriatus acclimated to 15°C and tested at various low lethal tempera-

tures in fresh water

Temp.(°C) 9.5 ' | 10.0 10.5

Time to Total Weight Time to Total Weight Time to Total Weight
death length death length death length
9 3.9 690 359 2.4 150 1109 2.3 135
11 3.1 365 422 2.9 280 1638 3.1 385
15 3.2 380 516 2.3 170 - 2392 2.9 285
359 3.3 395 831 3.7 575 2697 2.7 265
400 3.2 365 ‘887 2.9 280 3184 2.4 170
413 3.1 325 1080 - 3.0 295 4567 2.5 180
491 3.6 630 1316 3.7 575 4743 2.7 240
543 3.6 620 1351 3.4 480 5780 2.8 290
619 3.2 400 1571 3.2 345 No death
710 3.4 535 2357 3.1 310

Temp.(°C) 11.0

Time to Total Weight
death death

No death *




Appendix Bd1

Time to death (min), total length (cm) and weight (mg) of individual common carp
Cyprinus carpio (Bankok strain) acclima ted to 359C and tested at various low

lethal temperatures in fresh water

Temp.(°C. 12.5 13.0 13.5
Time to Total - Time to Total _— Time to Total .
death length Weight death length Weight death length Weight
4 2.4 230 159 2.5 185 186 2.4 195
23 2.5 280 238 2.8 280 312 2.7 275
472 2.6 280 636 2.4 230 667 2.5 245
517 2.6 275 674 2.5 240 763 2.8 295
544 2.8 360 709 2.7 340 4 807 3.0 390
564 3.1 580 764 2.4 250 910 3.2 515
623 2.8 350 814 2.5 290 1134 2.7 275
641 3.0 500 842 3.1 440 1200 2.8 320
684 3.2 510 860 2.7 285 1295 2.7 265
816 3.1 460 912 3.7 950 1666 3.1 430

contd. .




Appendix Bdl c¢c on t d .

Temp.(°C) 14.0

Time to Total

death length Height
248 2.3 255
415 2.6 230
819 2.6 260
660 2.7 265
1007 2.7 310
1115 2.6 250
1202 3.0 455
1295 2.9 350
1505 2.1 480
1560 3.0 400

15.0 16.0

Time to Total Time to Total

jeath  lensth "eient death  length  "eieht
386 2.4 210 515 2.9 380
521 2.5 275 594 2.8 220
1011 2.6 265 1298 2.7 260
1194 2.6 250 1656 3.1 250
1308 2.7 345 2005 3.1 380
1339 3.0 460 2667 2.8 255
1490 3.0 485 2787 2.4 150
1651 3.1 430 No death
1780 3.1 480
1877 2.9 385
17.0
Time to Total : .
death length Weight
1901 3.4 395
24473 3.2 520
No death




Appendix Bd2

Time to death (min), total length (cm) and weight (mg) of individual common carp,
Cyprinus carpio (Bankok strain) acclimated to 30°C and tested at various Low

lethal temperatures in fresh water

Temp.(°C) 11.5 12.0 12.5
| Time to Total . Time to Total . Time to Total ,
death  length "eight death  length "eight death  lengtn 1eight
8 2.3 112 14 2.5 180 787 2.5 175
16 2.5 165 625 2.4 175 1778 2.2 80
22 2.4 145 1182 2.0 80 2437 2.5 170
923 2.3 115 1317 2.3 160 2952 2.1 85
1022 2.2 172 1445 2.2 155 5302 2.3 135
1327 2.6 190 1823 2.2 270 8582 2.6 200
1645 2.4 165 2038 2. 200
1762 2.6 185 4862 2.1 105 No death
2833 2.4 185 6209 2.5 185
4171 2.3 145 7379 2.7 245

contd




Appendix Bd2 c on t d

Temp.(°C) 13,0 13.5

Time to Total _ Time to Total s
death  length  'eilght death  length /eighb
1455 2.0 85 No death
1926 2.4 130

4135 2.6 130

No death




Appendix Bd3

Time to death (min), total length (cm) and weight (mg) of individual common carp,
Cyprinus carpio (Bankok strain) acclimated to 25°C and tested at various low lethal

temperatures in fresh water

Temp.(°C) 8.5 : 9.0 9.5

Time to Total Time to - Total Time to Total

Weight

Jeath  length  "eisht death  length death  length "¢ight
12 2.7 245 490 2.7 256 711 2.7 290
16 2.4 190 580 2.4 195 806 2.7 290
18 2.6 365 748 2.7 355 1035 2.9 400

513 2.6 275 983 2.6 265 1840 2.8 360

587 2.7 315 1118 2.6 320 2050 3.2 560

625 2.8 350 1260 5.8 350 2455 3.2 150

647 3.1 490 1408 2.8 405 5732 2.7 290

849 2.6 235 1458 2.8 315 4583 2.9 385

1144 2.8 340 1681 3.1 450

1193 2.9 385 3017 5.2 510

& - nt d L]




Appendix_ Bd3

contd

Temp.(°C) 10.0

Time to Total .
death  length Weight
1167 2.7 290
1366 2.7 305
1760 2.9 305
2728 3.1 490
2867 2.6 235
5709 2.8 320

No death

10.5
Time to Total o
death  length Weight
1211 3.2 470
No death



Appendix Bd4

Time to death (min), total length (cm) and weight (mg) of individual common carp,
Cyprinus carpio (Bankok strain) acclimated to 20°C and tested at different low

lethal temperatures in fresh water

Temp.(°C) 6.0 6.5 7.0
Time to Total s Time to Total . Time to. Total s
death  length "ei8M%  Tieovn  length  Veight death  length “elight
13 2.4 105 54 2.6 250 184 3.1 340
19 2.9 185 242 2.4 195 341 2.2 95
23 3.1 315 1078 2.7 290 3046 2.9 265
347 2.9 270 1244 2.5 265 4363 2.5 225
378 2.5 240 1527 2.6 320 5489 2.9 280
449 2.5 236 1797 2.8 325 No death
459 2.7 290 2000 2.8 350
493 3.1 425 2998 2.7 330
536 2.7 325 3150 3.1 450
561 2.9 340 3490 2.9 345
Temp.(°C) 7.5
Time to Total Weight

death length

No death




Appendix Bel

Time to death (min), total length (cm) and weight (mg) of individual]fﬁfshwater
mullet Rhinomugil corsula acclimated to 35°C and tested at various log/ngperatures

in fresh water

Temp.(°C) 14.5 16.5 17.5
Time to Total . Time to Total . Time to Total .
deatn  lemgth "oTEN death  length ' oM8RT death  lengtn "oi&RT
254 7.0 1900 536 6.8 2800 598 8.5 3700
3573 8.1 4300 698 7.9 2700 794 8.3 4200
403 7.0 2000 761 7.6 2700 857 7.1 2900
448 7.4 2800 794 T.2 2700 884 7.7 3900
528 7.5 3200 837 6.5 2200 928 8.7 5100
577 8.1 4500 888 7.7 3400 a82 8.2 4100
621 6.9 2000 910 7.5 3200 1054 L6 5000
62 7.2 2300 936 6.9 2800 1146 8.5 4400
7°8 7.6 2900 1091 7.1 2700 1221 8.3 4000
742 7.8 %3200 1107 7.6 3100 1242 8.5 4300

c ontd




Appendix Bel

c ontd.

18.5

19.0

Temp.(°C)

T"ime to  Total . Time to  Total A
Ieoth  length  "€18BY  geath  length Weight
706 8.7 4350 879 6.9 1850
998 8.2 3575 1%26 8.1 4375
1282 8.7 5050 1550 7.0 2050
147%1 8.6 4425 2143 7.3 2625
1542 8.2 4120 2395 7.5 %210
1668 8.6 4575 2573 8.0 4300
1780 9.1 5650 2859 7.2 2300
2090 8.5 5000 33561 7.6 2950
2315 8.7 4810 3566 7.4 2800
2451 8.4 4320 3719 7.8 3250

r“O
B Time to Total s
death length Jeight

None died

19.5

Time to Total Weisht

death length  °'8
2389 8.4 7000
4528 8.0 4300
4773 8.7 5800
5286 7.6 3100
5926 7.3 2900
6250 8.1 4515
6484 7.9 3454
No death




Appendix Be?2

Time to death (min) total length (cm) and weight (mg) of individual freshwater mullet
Rhinomugil corsula acclimated to 30°C and tested at various low lethal temperatures

in fresh water

Temp.(°C) 12.5 13.5 14.5
Time to Total . Time to Total . Time to Total .
death  length "°ight death  length "eieht death  length "oieht
12 7.9 3600 473 6.4. 1900 619 9.9 8400
18 8.5 4000 558 7.9 3500 749 9.3 67Q0
426 10.1 8800 638 10.1 8100 2564 8.8 5800
516 10.5 7500 703 8.0 3600 2840 10.2 #700
616 10.6 8100 ' 795 8.7 5400 2157 10.6 10000
671 6.2 3500 824 8.3 5000 3439 10.6 10600
681 7.8 4000 889 8.5 4900 3767 5.5 6000
751 8.1 5500 1241 7.9 4500 3857 10.3 8600
826 8.1 5300 1662 8.5 5000 4193 10.5 9900
877 8.2 4500 2635 - * - % 4250 9.8 6900
c‘o n f.d . |

*
Length and weight not recorded



Appendix Be2 c ont 4 .

Temp(9C) 15.5 16.0 16.5

Time to Total Time to Total Time to Total

death  Lengtn Weieht death  length "eight death  length "eight
1785 9.7 8000 2169 6.9 2530 No death
2889 8.5 6500 3675 8.0 3720
3591 9.0 6500 4206 7.5 2710
4100 9.2 6200 5112 7.3 2700
413 8.7 6000 6512 6.5 2275
6016 10.6 10600 7488 7.8 3490
7086 9.5 6100 No death
7424 8.1 5500
7878 10.5 9900

No death




Appendix Be3J

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet Rhinomugil corsula acclimated to 25°C and tested at various low lethal

temperatures in fresh water

Temp.(°C) 10.5 1.5 12.5

Time to Total . Time to Total . Time to Total .
jeath  length 'eieht death  length  "eieh? death  length  "eieht
185 7.5 3700 442 7.9 3300 1369 1.1 13200
361 8.5 5800 551 8.1 3700 1871 8.8 6100
435 7.8 4060 687 8.0 4200 2298 11.0 11100
601 8.7 5800 737 8.4 4200 2368 12,73 14650
702 8.2 3500 825 5.5 4500 2687 9.3 6525
759 8.3 3500 907 8.2 4200 2696 12.2 15650
865 8.6 5000 1009 8.3 4300 3123 9.4 7350
908 8.4 4900 1106 8.9 3900 3552 12.2 17350
963 8.5 5000 1140 7.9 3300

1035 8.5 5100 1203 10.4 10200

contd.




Appendix He3 c ontd . . .

Temp.(°C) 13.0 13.5

Time to Total . Time to Total L
death  length  "e188Y ooty lepgtn  Weisht

2941 11.0 11900 None died
3161 9.0 6600
3276 12.3 15500
3467 10.7 10030
3556 1.2 10800
3655 10.5 10020
4046 12.8 18700
4892 12.9 17025
6039 11.5 11950
6652 12.0 14050




Appendix Be4

Iime to death (min), total lengh (cm) and weight (mg) of individual freshwater mullet
Rhinomugil corsula acclimated to 20°C and tested at various low lethal temperatures
in fresh water

Temp.(°C) 9.5 10.0 10.5

Time to Total . Time to Total . Time to Total .
death ~ length "el&hY g " JCrgtn  Weisht death  length Weight
g 7.0 1915 10 10.2 7600 600 7.5 3900
12 8.1 4010 669 10.8 10100 940 9.3 5800
542 6.9 1895 1154 11,1 10100 1334 10.6 10100
632 7.4 2800 1245 1.7 14200 1475 10.3 9300
667 7.5 3185 1354 10.8 10100 1490 8.7 4800
820 8.0 3990 1439 10.6 10400 1695 8.1 5500
874 6.9 2010 1519 9.9 8500 1915 10.8 9500
1007 7.2 2295 1549 9.1 8400 2520 12.8 16500
1110 7.5 2755 1647 8.7 8100 2529 12.7 16000
1456 7.8 3200 2352 9.9 8600 2995 12.5 15900

contd.,. ,




- Appendix DBe4 contvd.

Temp.(°C) 11.0 11.5 12.0
Time to Total r o3 o Time to Total . Time to Total :
death length Weight death length Weight death length Welght
1468 7.4 3050 4549 9.8 8500 None died
1691 8.4 4900 4991 12.0 14400
2958 7.7 3850 5032 9.5 7250
3116 8.7 5520 5090 9.7 6750
3192 8.2 3570 6028 11.35 12100
3645 8.1 3400 6484 12.1 14600
4145 8.6 5050 6687 10.4 8700
4195 8.4 4850 7140 10.4 10100
4227 8.5 5000 No death
4534 8.5 5150




Appendix Be5b

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet Rhinomugil corsula acclimated to 15°C and tested at various low lethal
temperatures in fresh water

Temp.(°C) 8.5 9.0 9.5

Time to Total . Time to Total . Time to Total . '

death  length Weight death  length "eight death  length "eisht
9 7.4 3050 15 7.3 2890 1480 6.9 1805
12 8.3 2750 1030 8.2 4510 1551 8.1 4005

618 7.6 3720 © 1455 7.5 3520 1635 6.8 1800

702 8.6 5210 1705 8.7 5515 1620 7.3 2650

784 8.1 3205 1910 8.0 3090 2379 ,

852 8.0 3290 1992 7.9 5010 2447 7.8 3750
1175 8.4 4775 2025 8.2 1325 3210 8.2 4325
1316 8.3 4590 2522 8.3 4310 3694 8.3 4295
1585 8.5 5000 2561 7.9 3540 2379 7.9 3510
1683 8.4 4920 2703 6.8 1895 4477 8.4 4920

contd ..




Appendix Be5 ¢ o % a ..

Temp.(°C) 10.0 10.5 11.0
Time to  Total e Time to Total . Time to Total s
death  lengtn  feieht Jeath  lemgth  'eignt jeath  lemgth elient
1915 5.7 $310 3255 7.0 1910 None died
2147 6.5 1895 3850 8.2 4210
2850 6.8 1830 4504 6.9 1895
3515 6.2 1595 5240 - % -
3802 7.4 2985 5311 7.4 2810
4% 89 6.8 2010 5797 7.9 3990
4345 7.0 1995 6720 6.9 2010
4725 7.4 2995 No death
5074 8.1 3580
5286 8.2 3225

*
Length and weight were not recorded



Appendix Cal

Time to death (min), total length (cm) and weight (mg) of individual mrigal,
Cirrhinus mrigala acclimated to 30°C in fresh water and tested to different
lethal salinities at 30°C

Salinity (9/2) 20.0 15.0 10.0

Time to Total Weight Time %o Total Time %o Total

death length death length ngght death = length qelght

9 1.2 9 22 1.2 17 213 1.2 18
10 1.2 10 26 1.3 19 220 1.2 20
11 1.3 " 28 1.2 16 229 1.1 15
11 1.4 16 30 1.3 18 235 1.2 16
11 1.2 10 37 1.2 15 248 1.1 15
16 1.4 19 41 1.3 21 313 1.1 16
18 1.2 10 43 1.2 14 324 1A 19
19 1.4 21 44 1.4 21 474 1.2 23
20 1.3 17 50 1.3 18 478 1.2 21
21 1.3 17 50 1.4 26

contd . .




Appendix Cat contd . . .

Salinity (¥Q) 5.0 2.5

Time to Total Time to Total

death  length "eieht death  length "ei&ht

1469 None died
2416
2524
3122
3388
4471
5839
5865
8078
8949

. e o e
AV RS RGN O AUAAUN RN NN

e & @ e e @

) — ) et ek D e — e ol ek
OUVIWNO OV U1 O




& , Appendix Ceci

Time to death (min), total length (cm) and weight (mg). of- individual'fringe~1ipped ,
carp, Labeo fimbriatus acclimated to 30°C 1n fresh water and tested to.different .
lethal- sallnltles at 300C : S '

- Salinity (9/°) 20.0 L1500 S T e 1000

Time to Total Time to Total

death  length “ei&h? death  length "o | “qeatn | lengtn . "oleht
15 1.5 25 39 1.3 18 AT 1.3 7
16 1.7 40 51 1.8 .37 s34 28
17 1.6 33 53 1.5 23 644 1.9 41
19 1.8 4% 54 1.5 21 . 736 1.8 32

19 1.4 20 57 .8 38 1007 1.6 - 30
21 1.5 30 61 1.6 29 1205 1.6 3
21 1.7 10 62 15 22 .4 1502 1.5 33
21 1.6 34 64 1.6 33 W 4507 1.7 36
21 1.7 43 64 1.7 39 1566 1.5 26
22 1.8 50 64 1.5 24 1582 1.5 28

5-0
Time to Total Weight

death length

None died




Appendix CeZ2

Time to death (min), total length (cm) and weight (mg) of individual fringe-lipped
carp, Labeo fimbriatus acclimated to 30°C in salt water: (504 (s) arnd tested to -
dlfferent lethal salinities at 30°C :

Salinity (°/2) 30.0 25.0 3 20.0

Time to Total Time to Total Time to Total

death length Weight death length Welght death length VWeight

7 1.8 30 14 1.8 30 .28 1.8 45
8 1.9 40 19 1.7 30 31 1.8 40
10 1.7 37 20 1.9 41 41 1.9 50
12 1.8 38 22 1.8 37 43 2.0 65
13 1.8 40 24 1.8 45 44 1.8 48
14 2.0 65 24 2.0 * 50 46 1.8 45
14 1.7 30 25 1.9 50 46 2.0 70
16 1.8 44 26 1.7 41 47 1.9 63

31 1.9 55 48 1.8 43

32 2.3 95 50 1.9 68

cont d.




Appendix Ce2 cont d . ..

1500 10.0

Time to Total . Time to Total .
death length "eight death length %eight

76 1.5 20 824 2.0 83
79 1.5 21 968 1.9 50
S« 19 60 1015 1.9 52
89 1.8 40 1049 1.8 45
20 1.8 41 1096 1.8 35
90 2.2 93 1207 2.0 55
4 1.8 30 1460 1.8 15
96 1.8 32 ¢ 1506 1.8 47
97 1.9 67 1828 1.8 50
o1 1.7 45 2073 2.9 67




Appendix Cdt

Time to death (min), total length (cm) and weight (mg) of individual common carp,
Cyprinus carpio acclimated to 30°C in fresh water and tested at different lethal
salinities at 30°C

Salinity (°/°) 30.0 25.0 | 20.0

Time to Total Time to Total Time to Total

death  length “eight death  length “eight death  lengtn Yeight
6 2.4 115 10 2.0 70 10 2.5 141
7 2.2 80 11 2.4 141 15 2.0 87
7 2.1 90 12 2.1 100 16 2.1 100
8 2.1 70 12 2.5 150 17 2.1 83
8 2.0 69 13 2.0 100 18 2.3 130
S 2.1 80 12 2.1 90 19 2.5 185
16 2.2 98 14 1.9 70 20 2.4 137
1¢ 2. 120 15 1.9 80 21 2.5 120
11 2.0 80 15 2.1 98 22 2.5 187
12 2.0 91 15 2.2 102 22 2.2 99

conitd . . .




Appendix Cd1 c ont 4 .

Salinity (°/°) 15.0 10.0 | . 5.0
Time to Total . Time to Total . Time %o Total .
death  length Weight death  length “eight death  length "eight

22 2.3 98 236 2.1 68 None died
28 2.0 70 740 2.5 120 |

29 2.2 105 957 2.4 115

30 2.3 112 1247 2.2 75

32 2,0 65 1444 2.3 89

33 2.2 81 1941 2.9 190

34 2.3 100 2010 2.5 162

35 2.5 132 5607 2.6 205

3% 2.5 120 6172 2.5 180

39 2.1 92




Appendix Cel

Time to death (min), total length (cm) and weight (mg) of individual freshWater
mullet, Rhlnomugll corsula acclimated to 28°C in freshwater and tested to diffe-
rent lethal salinities at 35°C

Salinity (9/2) 40.0 35.0 30.0

Time to  Total I Time to Total . Time to Total —_

death  length "eiept death  length "oi&ht death  lengtn "eight
11 6.2 1370 16 6.4 2125 26 6.1 1490
12 6.3 1820 17 5.0 1055 27 7.0 2450
13 5.7 1140 18 /5.8 1580 28 9.0 5%20
14 5.7 1160 18 | 6.1 1850 29 6.6 1980
15 6.6 2020 19 6.1 1895 30 7.2 2725
15 6.2 1660 20 8.0 4010 32 6.3 1840
16 6.6 2050 20 7.2 3010 33 6.4 1895
179 6.9 2380 21 4.9 960 35 8.1 3410
19 7.2 2800 22 6.8 2635 36 9.5 6270
18 7.2 2440 23 6.7 2865 38 7.7 3540

cont d




Appendix Cel contd . .

Salinity (°/°) 26.25 18.0 17.5

Time t6 Total Time to Total Time to Total

death  length Weight death  length “eight death  length "eight
39 6.3 1930 75 5.5 1020 111 6.4 2010
42 5.0 950 76 5.6 1075 122 7.0 2875
473 4.9 905 79 5.8 1365 133 7.3 3145
43 5.9 1700 81 6.1 1500 127 5.8 1530
46 6.0 1630 85 8.3 4070 153 6.3 2065
48 51 1050 86 7.3 2660 160 5.7 1440
49 4.8 905 88 6.9 2350 166 6.4 1935
50 6.1 1800 89 7.7 3070 168 6.7 2850
52 6.1 1750 95 8.3 3830 180 5.4 1105
66 6.8 2570 102 7.8 3110 196 7.0 2800
15-0
Time to Total .
death length Weight
1225 ok - %

No death

* Length, weight not recorded



Appendix Ce?2

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet, Khinomugil corsula acclimated to 28°C in fresh water and tested to diffe.
rent lethal salinities at 30¢°C

Salinity (°/°) 40.0 35.0 v 30.0

Time to Total — Time to Total s Time to Total . ‘

death  length Weight death  length “eight death  length "eight
24 5.1 885 29 349 445 39 6.9 12520
25 5.3 1040 32 5/3 1090 40 6.3 1660
25 5.8 1220 34 5.2 1060 42 6.7 2000
26 5.4 1080 35 6.6 2080 44 6.2 1480
26 4.9 815 39 6.5 1965 46 6.5 1895
27 6.7 1860 40 7.5 3060 47 6.1 1445
28 5.8 1110 41 7.9 2600 49 7.2 2600
29 6.0 1530 42 6.0 1790 50 7.9 3430
30 5.6 1270 43 7.2 2840 54 7.0 2465
31 8.0 3500 45 7.6 3815 55 7.5 2990




Appendix Ce2

contad.

Salinity (°/9) 26.25 18.0

Time to Total . Time to Total .
death  length Velght death  length eisht
77 5.5 1390 95 5.0 620
79 6.4 1780 101 5.1 820
82 5.9 1575 116 5.9 1320
84 7.1 2615 123 5.4 1060
89 7.8 3725 130 5.7 1205
91 7.7 5595 138 701 2570
109 6.5 2215 122 5.9 1220
112 8.2 3970 171 7.1 2640
114 7.7 * 3870 181 6.6 2120
120 701 2715 216 6.9 2415

15.0

Time to Total s

death  length "eisht

None died

17.5
‘Time to Total .
death  length "eight
208 4.1 - %
No death

*Weight not recorded



Appendix Ce’

Time to death (min), total length (cm) and weight (mg) of imdividual freshwater
mullet, Rhinomugil corsula acclimated %o 28°C in fresh water and tested to various
lethal salinities at 26°C

Sal:inity (%2) 40.0 35.0 | 30.0

Time to Total s Time %o Total B Time to Total _—

jeath  length eight Jeath  length 1eisht jeath ~ length  'eleht
23 5.6 1050 28 6.3 1620 39 7.1 2350
24 7.1 2700 30 7.5 2995 40 £.9 2010
25 5.5 1110 32 8.1 3540 41 7.2 2560
26 5.8 1440 33 5.9 1300 42 6.8 1990
30 6.5 1850 %5 6.8 2145 45 7.0 2550
%2 6.8 2025 36 7.1 2580 47 6.5 1815
33 7.9 3410 37 - * - % 49 7.5 12950
3, 8.3 4280 39 7.9 3470 53 6.7 2150
36 7.9 3550 40 8.3 3890 54 8.3 4255
27 7.5 2990 41 10.0 7100 59 9.0 5360

contd ’

* TLength and weight not recorded



Appendix Ce3 cont d . .

Salinity (°f) 25.0 20.0 | 15.0
Time to Total . . .- Time to Total . Time to Total . .
death  length 'eight death  length "elght death  length "eilght

66

8.9 4800 259 8.3 3810 No death
13 8.4 3940 263 7.4 2750
75 9.2 5330 267 7.0 2335
82 8.0 - 3000 271 7.5 3010
83 1T 3240 281 7.5 2910
86 8.3 3700 292 7.5 2990
8% 7.9 3410 295 7.2 2520
91 7.2 2100 303 8.0 2120
95 7.7 3140 308 8.4 4200
97 7.6 3050 311 8.3 3950




Appendix Ce4

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet, Rhinomugil corsula acclimated to 28°C in fresh water and tested to various
lethal salinities at 20°C

Salinity (9¢) 40.0 35.0 30.0

Time to Total e Time to Total o Time to Total e

death  length "eisht death  length  “€ight death  length “eight
37 6.0 1200 45 5.9 1180 71 5.4 1090
29 6.2 1450 50 5.4 1150 72 6.2 1450
40 5.9 1320 ' 53 5.3 930 T4 5.1 870
41 6.1 1530 55 77 6.1 1495
42 6.5 1995 56 6.0 1300 79 5.8 1300
44 5.4 1150 58 5.9 1320 83 5.4 1180
47 6.2 1610 60 6.2 1610 89 6.1 1520
50 5.8 1440 61 7.2 2700 91 5.8 1240
51 6.4 2185 63 6.4 1840 92 8.2 4150
53% 8.4 2860 66 7.8 3060 94 6.9 2180

contd.




Appendix Ce4 cont 4 . .

Salinity (/) 25.0 20.0 | 15.0

Time to Total . Time to Total . Time to Total _
death  length  "eight death  length '°ight death  length ‘eight

107 5.4 1085 158 5.5 1020 1041 6.4 1870
109 5.3 1095 162 5.4 1090 1189 6.2 1715
111 5.9 1350 177 . 5.4 1500 1250 6.5 2020
112 8.5 4060 192 6.5 1680 1312 8.4 4045
113 5.8 1310 208 T.4 2720 1355 6.7 2305
116 6.5 1870 232 5.8 1510 1462 7.1 2780
120 5.6 1220 245 8.5 4060 1591 7.4 2800
122 7.2 2700 254 8.2 4100 1689 77 3455 -
126 7.3 2790 265 7.3 2810 1723 6.9 2295
128 9.3 6090 270 7.8 3150 1838 8.2 40C5
12.5

Time to Total o
death  length "eight

None died




Appendix Ce5

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet, Rhinomugil corsula acclimated to 28°C in fresh water and tested to
various lethal salinities at 17.5°C

Salinity (%p°) 45.0 40.0 35.0

Time to Total I Time to . Total .o Time to Total .

death  length f1eight death  length  1eieht death  length Weisht
36 7.3 2800 50 5.5 995 67 5.6 1310
40 7.2 2680 55 6.6 2020 T2 5.9 1500
43 7.0 2405 57 6.4 1850 - 74 5.2 1020
46 7.3 3020 61 8.9 5150 77 5.5 1310
48 8.1 3620 64 7.2 2705 82 5.1 920
49 7.9 3390 65 7.6 3060 - 87 5.4 1180
51 8.8 4820 69 6.5 2160 89 4.8 785
53 7.4 3240 71 7.8 3390 92 5.2 1060
55 6.8 2240 75 7.5 3105 98 5.8 1390
56 7.5 3195 79 8.3 4390 102 6.6 2220

contad. .




Appendix Ce5 contd .

Salinity (°/°) 30.0 25.0 20.0

Time to Total . Time to Total W Time to Total .
death length Weight death length Weight death length Veight
91 7.0 2455 129 4.3 560 256 5.3 980
96 - 9.1 5390 135 7.2 2955 267 9.3 2400
100 8.2 4195 140 6.8 2180 280 6.7 1860
107 1.1 9790 151 6.5 2060 291 6.4 1550
109 6.8 2180 153 6.5 1985 306 7.4 2520
112 6.6 2020 159 6.9 2385 323 1.2 2375
118 6.4 1870 170 7.3 2660 527 7.3 2590
121 7.8 3370 174 8.0 4175 338 6.9 2050
125 8.4 4365 179 6.5 2220 343 8.3 4010
128 7.2 2705 208 7.7 3375 361 9.1 5200

contd. .




Appendix CeS5 cont d .

Salinity (9?) 15.0 , 12.5
Time to Total . Time to Total .
death  lengtn  Weight death  length "eieht
1227 6.2 1690 None died
1706 6.5 2010
1752 6.8 2190
1790 8.5 4580
1821 7.1 2780
1867 7.5 = 2900
1890 7.9 3600
1931 6.9 2295
1974 8.7 4700
1993 8.2 3995




Appendix CeT7

Time to death (min), total length (cm) and weight (mg) of individual freshwater mullet
Rhinomugil corsula acclimated to 35°C in fresh water and tested to different salini-
ties at 39°C

Salinity (°/°) *Fresh water 7.0 15.0
Time to Total . Time to Total . Time to Total .
death  length Yelsht death  length Welsht death  length "eight

241 10.6 9200 492 13.3 18000 549 9.6 7600
357 10.4% 8900 659 12.5 18800 635 8.2 3700
524 10.3 9000 798 12.8 12900 670 11.7 10900
691 11.6 11700 1051 14.7 23900 715 11.8 10200
850 11.5 10400 1100 12.2 12200 770 11.5 11400
885 12.1 133900 1353 1.7 11100 197 1.9 3700
925 11.4 13300 1522 12,2 10000 860 11.2 8900
957 1.4 13400 1682 11.9 9900 893 11.9 9300
998 10.3 10400

1032 9.6 7000

. .
Data taken from Appendix Ael



Appendix Ce8

Time to death (min), total length (cm) and weight (mg) of individual freshwater mullet
Rhinomugil corsula acclimated to 35°C in fresh water and tested to different salini- -
ties at 37°C

*
Salinity (°/°) Fresh water 7.0 15.0
Time to Total _ Time to Total . Time to Total .

' death  length "eight death  length Weleht death  length Weight
2423 10.9 10500 4312 11.4 8700 2052 9.6 6700
3868 12.1 13600 4575 1.7 9200 2262 1.4 9500
3035 1.7 10380 4890  11.0 8300 2494 10.2 5700
4360 10.9 10060 4978 12.4 12200 2651 11.0 2700
4385 10.8 10040 5032 12.7 12200 2746 127 12500
1482 2.9 7690 No deatn 2823 11.0 8000
4615 10.4 9100 2019 10.4 7500
4648 11.0 10090
4650 9.05 6040

%* .
Llata reproduced from Appendix Adet




Appendix Ce9

Time to death (min), total length (cm) and weight (mg) of individual fresh water
mullet Rhinomugil corsula acclimated to 30°C in fresh water and tested to diffe-

rent salinities at 41°C

.x_ .
Salinity °/°) Presh water 7.0 15.0

Time %o Total Time to Total Time to Total

death  length Weight death  length "elght death  length "eight
20 8.6 4600 35 10.9 10010 20 10.6 9650
28 12.7 16650 32 11.6 11350 26 10.5 8750
31 11,4 12550 47 9.5 6600 29 13,1 17100
40 11.6 13700 55 3.9 7650 30 171 10450
44 9.9 7500 57 10.2 9050 31 1.5 12400
47 10.3 8700 60 12.4 14100 52 9.9 7400
53 12,5 16150 61 10.2 8700 33 10.6 9000
67 10.5 8950 6% 10.2 8100 34 10.3 9300
67 10.4 8600 67 10.4 11400 35 11.2 10700
68  *11.4 12150 36 10.7 9000

*
Data reproduced from Appendix Ae?2




Appendix Ce11

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet, Rhinomugil corsula acclimated to 30°C in fresh water and tested to diffe-

rent salinities at 370(

Salinity (°/° )*Fresh water 7.0 15.0

Time to Total . Time to Total o Time to Total .

death  length Weight death  length "eight death  length "eight
2552 11.0 6500 5450 10.8 6700 1766 10.0 7000
2865 10.0 5800 5623 9.9 5100 1788 10.8 9500
3395 11.8 3500 5716 10.9 7300 1824 10.4 7900
4600 10.5 8500 5779 10.5 6300 1862 10.3 7800
AT12 1.2 6900 5875 11.0 74.00 1905 10.3 7800
4780 1.5 9500 5967 10.3 6800 1933 10.8 9600
4874 10.7 8500 5095 10.2 6900 1980 10.2 6800
4982 11.8 9200 6192 10.5 7200 2023 10.3 7500
5158 1.5 9100 6320 10.2 6900 2067 11.0 8300
5445 10.9 6200 2130 10.3 7400

£

*_
Vata reproduced from Appendix Ae?2



Appendix Cetl?2

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet, Rhinomugil corsula acclimated to 25°C in fresh water and tested to diffe-

rent salinities at 390(C

falinity (°/°) 20.0 15.0 12.0

Time to Total . Time to Total i Time to Total .
death length Wedight death length vedight death length Weight
9 6.2 1370 5 5.5 1020 217 7.0 1725
10 6.2 1455 78 5.6 1075 390 6.7 1910
12 5.7 1120 80 5.8 1365 467 8.0 3720
12 6.3 1795 84 6.1 1500 488 8.2 3925
13 6.3 1810 91 8.3 4070 500 7.5 3010
14 5.6 1050 95 7.2 2575 506 8.5 4240
16 6.6 1160 101 6.8 2125 515 9.1 5310
18 6.3 1670 103 7.5 2905 527 . 8.3 3900
22 6.7 2095 104 8.2 3700 534 7.9 3840
23 7.2 2800 107 7.9 3290 556 7.2 2245

contd




Appendix Cel2 contd . ..

salinity (°/°) 10.0 7.0 5.0

Time to Total Time to Total Time to . Total

death  lengtn “eieht death  lengtn "eight death - length "eight
619 6.3 1795 531 1.5 10800 416 10.5 8350
672 5.0 925 582 10.5 6300 455 8.3 3655
707 4.9 905 692 11.6 12000 - 505 9.6 6210
738 5.8 1700 766 11.0 9000. 524 6.5 1870
772 6.1 1785 787 11.5 .-8800 612 11.0 11200
817 5.4 1295 919 10.2 6000 666 6.4 1950
839 6.1 1800 1174 11.2 8700 725 12.1 11500
916 5.9 1750 | 774 6.5 2230
943 6.1 1925 809 9.9 7590
964 6.8 11.5 11180

2570 856

contd




Appendix Cel2 ¢ ont 4 .

Salinity (°/°) 3.0 * Fresh water

Time to Total Time to Total

death  length “eisht death  length “eight
463 10.9 10910 55 10.4 8550
497 10.5 8400 105 11.2 12050
565 8.9 5010 140 10.2 9900
675 9.6 6345 150 10.0 8700
725 8.3 3600 199 12.8 16900
742 11.2 12180 201 12.8 16900
777 9.4 7125 216 10.0 8450
823 8.5 4010 255 12.0 13700
8517 10.2 8110 302 13.8 22400
867 11.2 10900 335 11.5 13800

*
Data reproduced from Appendix Ae3



éﬁgendix Cel3

Time to death (min), total length (cm) and weight (mg) of individual freshwater
mullet, Rhinomugil corsula acclimated to 20°C in fresh water and tested to diffe-
rent salinities at 37°C

Salinity (°4°) 25.0 20.0 18.0
Time to Total . , Time to Total i Time to = Total .
death  length “elght death  length "eisght death  length Weight
5 5.6 1110 13 6.4 1720 56 6.7 1900
5 6.4 1695 13 7.0 1895 61 6.3 1450
8 6.8 1830 14 6.2 1530 73 7.5 2820
9 6.2 1580 15 8.7 3960 97 7.2 2320
9 7.0 2350 16 8.3 3630 96 7.6 3110
10 6.8 2040 16 6.5 1800 123 8.7 1530
10 7.0 1815 17 5.8 1290 162 8.0 3520
11 7.4 2930 18 7.8 2800 181 7.5 3050
12 8.1 3580 19 7.1 2150 210 6.5 1950
12 8.2 5220 - 20 7.0 1910 233 7.5 2870

contaqd.




Appendix Cel13 contd . . .

Salinity (°/4°) 18.0 12.0 10.0

Time to Total b a Time to Total . Time to Total .
death  length "®ight death  length "cight death  length Veight

22 6.5 1508 1651 6.7 2310 2810 5.6 1700
30 6.9 1781 2021 - * - * 4659 7.2 1970
35 8.3 3930 2571 6.4 1640 5615 6.2 1080 -
41 9.0 4600 3602 5.9 1560 6198 5.4 890
65 7.1 2400 4338 6.5 2105 6507 7.1 1750
69 6.4 1420 4648 6.6 2417 7012 7.1 1860
78 6.7 1710 4871 7.1 2670 8225 6.9 1595
N 8.1 3525 5435 8.1 3695 8685 7.0 1670
115 7.0 2325 5900 6.9 2155

127 6.5 1610 6411 T2 2780

contaa.

x Length and weight not recorded



Appendix Cet3 c ont d .

Salinity (%2 ) 7.0 5.0 3.0 *Fresh water

Time to Total Time to Total

. o Time to Total . Time to Total .
death length Welight death length Weight death length Weight death length Welght
5232 6.0 960 2324 6.6 2770 3076 7.4 2815 133 10.1 9€25
6028 6.0 1140 2941 6.4 1575 3790 8.2 4029 271 11.3 12075
6540 5.8 1070 5195 5.7 1250 5021 7.1 2190 323 11.5 14150
6584 6.2 1630 3905 6.7 2455 5906 6.9 1985 344 10.7 9850
7856 11.2 92Q0 4522 6.5 1920 = 6423 6.5 1845 357 10.8 9175
8007 - 8.7 2550 5477 6.4 1710 7133 6.4 1811 385 11.0 11150

‘ 6585 7.1 2075 18135 7.2 2070 515 9. 8950
7427 8.2 3725 1 8894 6.8 1630 572 10.8 12400
7759 6.9 1980 - 9438 6.5 1470 688 9.7 8600
8699 7.2 2120 892 9.7 8350

* Data reproduced from Appendix Aed



Appendix Cf1

Time to death (min), total length (cm) ang weight (mg) of individual cichlid fish
‘Tilapia mossambica acclimateq to 30°C . ip fresh water ang tested at different
lethal salinities at 30°C

Salinity (°/°) 35,0 , 30.0 | 25.0

Time to Total . Time to Total o Time to Total .
death  length Yeight death  length Weight death  lengtn Weight
22 0.7 5 40 0.7 6 61 0.8 8
35 0.7 6 48 - 0.8 7 77 0.8 9
37 0.8 8 50 0.8 8 86 0.9 9
46 0.7 6 51 0.7 6 93 0.8 8
48 0.8 6 54 0.7 6 95 0.8 7
50 0.7 6 56 0.7 5 98 0.8 7
51 0.7 9 57 0.8 8 100 0.8 8
53 0.7 8 61 0.7 7 114 0.9 9
55 0.7 7 64 0.8 7 122 0.8 7
56 0.7 7 69 0.7 6 130 0.9 8

contgqg ., .




Appendix Cf1 c ont d .

Salinity (9/°) 20.0 15.0 10.0

Time to  Total N Time to Total ) Time to Total .
jeath  length "eight death  length "eight death  length "ei&nt
402 0.7 7 3515 0.9 9 9115 0.8 8
954 0.7 7 4227 0.8 8 9674 0.9 9
31734 0.7 8 44T 0.6 7 0864 0.7 T
33533 0.7 T 4889 0.7 8 10157 0.8 8
3445 0.8 8 4980 0.7 T 10%66 0.8 8
3475 0.8 8 5107 0.8 9 10375 0.8 8
3547 0.8 8 5727 0.7 T 10397 0.7 8
3552 0.8 8 6139 0.8 9 10421 0.9 9
567% 0.9 9 6349 0.8 8 10690 0.8 9
5708 0.9 9 7177 0.8 8 10866 0.8 8

5.0
Time to Total Weight

death length

None died
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A CONSTANT LOW TEMPERAT URE RECIRCULATING WATBR BATH

T H: MOHAMAD KASIM,: M. N KUT'I.'Y & J. A BAS!L )
School of Biological Sciences, Madurai University, Madurai-625021. o A

(Received for publication 26th March, 77)

latroduction :

This paper ceals with the fabrication of a constant
recirculating low temperature warer bath with mostly.
indigenous materials, for long term experiments.

Fabrication materials :

The main components of the present tabr(canon
are the Electronic Relay (Electric (“Qntrdl Equupme'\t
Co., Madurai), Water cooler (Blue sta"l Calcutta),
Immersion pump (Little Giant Pump Co., "Oklahoma,
U. S. A.) or any Indian make immersion pump (Jyoti,
iBaroda') tan be -used, contact thermometer (Jumo,

£

RELAY

TR PE MAIN .

it
ol

COOLER

PUMP

Fig |

]

u.s Af) instead a *Toulene contact thermometer
(Fig. Z):can be used, two water containers of 70 lit.
capacity to serve as ‘water bath and a sump. and two
aeraters with-air d|ffusger stones to mix the water and
to maintain th% water near, air saturation as well.

v i
A ¢

Electrzcal cdnqechons ¥

In this set up tHe elec}rlcal connections of water

t thermometer which is

- cooler and pump ar¢ connfcted together to the relay
(Hi, H2&E) The,conta_{
“fixed in the water bath is tonnected to the relay (Tl

T2) and the.relay (N, P, E) in turn is connected to
the main (Fig. 1). The two aeraters (220/230V)
have been connected to the main- separately.

TQULE NE CONTACY
mERMOMETER

CON FA

MERCUF

Fig. 2

# The tnulene thermosencor is made up of glass (Fig. 2)

1t has a lower vertical bulb filled’ wzth toulene and

a ‘J* shaped capillary filled with mercury. There are 1wo electrical contacts, one at tl e middle of the mercury column
w1th permanent copnection to the mercuiy srd the other thrcugh the uppér opening of the thermosensot by a: wire
This second contact serves to civse and open the electrical circuit. ~
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- SOME OBSERVATIONS ON THE ANATOMY OF LITTORINA SCABRA (LINNAEUS)

H. MOHAMAD KASIM

School of Biological S¢iences, Madurai University, Madurai-625021
(Received for publication 14th March 1977)

ABSTRACT

Work on tropical Littorinids are con fined to limited fields. Anatomical studies of tropical species
are rather scanty and relatively recent. In this work, in order to get information about anatomical details

of the tropical form, Littorina scabra and its reproductive and nervous

also some aspects of spawning. .

systems have been studied ano

This is a viviparous species. There is a prominent penial gland with pigmentation. The covering
gland is absent in the female reproductive system and the egg capsules are devoid of outer covering. There
is a brood pouch in the mantle cavity and the development of the eggs are completed within and then the -
veligers are expelled into water, In the nervous system the pedal commissures are very short or rather Sused to-
gether and the cerebral commissure is short and not distinct. The nerve from the pedal ganglia to the propodium
and metapodium are very prominent; otherwise eac hmay bear a ganglion. This work brings about the differ-
ences between the subtropical and temperate and tropical species. :

Iniroduction:

Representatives of the Prosobranch family Litt-
< orinidae are distributed throughout the world, The
Littorinids are chiefly confined to the marine inter-
tidal rocky shore. Some of them are well ~penetrated
into the estuaries to a considerable extent.. The
< Littorinids of the subtropical and temperate regions
are subjected to extensive studies. Chiefly the mor-
phology and anatomy of the above *forms have been
worked out by Bouvier (1887), Johansson (1939),  Linke
(1933, 1935), Warner (1950), Thomas (1952) and Fretter
and Graham (1962). Especially an intensive study has
been made on the life history, breeding and spawning
of Littorinids of all regions by Tattersall (1920), Sewell
(1924). Linke (1935), Abe (1936, ’39) Lebour (1945),
Habe (1955), Kojima (1957) and Rose Water (1963).

Works on tropical Littorinids are limited, ‘Ana-
tomical studies of the tropical species are rather scanty
-and relatively recent. The present work was carried
out in order to gather details about the anatorhy of the
tropical forms and to study the. differences between
the subtropical or temperate forms and the tropical
species.

Materials and-Me’t"bods :

Habits and Habitat: In the present study speci-
mens of Littorina Scabra (Linnaeus) were

86

collected  from the  Vellar estuary jetty region

They - were found attached to the cement and

wooden pillars of the jetty and also to a certain extent
on the stones which are laid behind the jetty. The
specimens are generally distributed within the high and

low tide limits. Following are the hydrographical

conditions of the jetty region. Salinity of the surface
water varied from 16.5%t029.6%(s),whereas the bottom
salinity varied from 20.559%, to 32.94%.(s) Temperature:
varies between 25.2°C to 28.4°C. The surface water
oxygen content fluctuates from 3.2 ml/L to 6.17 mi/L
and the bottom water oxygen content from 2.69 mi/L
to 4.7 ml/L. These animal feed mainly on the algae
which grows on the surface of the cement and wooden
poles and stones. Invariably the specimens of Littoring'
scabra are associated with Balanus and Neritids in the
same area. Sometimes Balanus attaches to the shelf
of Littorina itself. -

" All the collected living specimens were kept in &
glass aquarium for the studies and the water of the
glass_ aquarium was renewed everyday with fresh
estuarine water. -The terminology of the soft parts is
primarily that of Fretter and Graham (1962). Befor
conducting the dissections the snails were narcotiser
with menthol and after complete narcotisation (ab
20 to 30 hours) the specimens were fixed in. Fo
acetic alcohol.” Dissections were carried out uﬁd‘er
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binocular dissection microscope with a magnification
10x 6.3 or 10x 10. Live specimens were also dis-
sected out for the measurements of various parts of
the different functional systems. The specimens used
for the study of nervous system were fixed in Bouin
before commencing the dissection. All the measure-
ments were made with a micrometer eye piece and
camera lucida drawings were made,

Observations :

(a) Morphology of the Shell: The shell (Fig. D)
is moderately large, generally attaining a lenth of 1/
or 1.2”, though it is by no means uncommon to find
much smaller specimens measuring half an ‘inch in

length or even less; living side by side with larger -
specimens. The whorls are inflated and the spire is
considerably elevated with sharp, pointed apex. The
bedy whorl, as already ‘remarked is more or less
sharply angular, and being marked below this by a
slightly raised sharp spiral ridge. The surface of the
whorls are spirally grooved throughout and these
grooves are uniform and fine in arrangement. The
colour of the shell is rather variable; it is generally
of a dark mottled brownish colour, the darker brown
spots usually tend to be aggregated to form trans-
pirally elongated oblique patches. which are sometimes
well marked only near the sutures and the angular
part of the body whorl, but sometimes extend through-
out the surface.

SHELL VENTRAL VIEW 10X6.3

8-9mm

APEX

PENULTIMATE WHORL

BODY- WHORL
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i the testis
- branching orga ~which lies in the
t of the visceral mass. It is commonly
‘brown in colour. The testicular duct runs
rd in the mantle cavity and on its course it is
raight at first, then becomes more convoluted as
the cavity is approached where this part is used as a
semmal vesicle (Fig. 2) for the storage of spermatazoa.
It-appears here as a chalk white tube and on reaching
the posterior region of the mantle cavity it enlarges
to form the prostate gland (Fig. 2). The prostate
gland is of an open type with a thick fold and a groove.
This gland opens anteriorly at the inner end of the
mantle cavity as the malepore. From the male opening
a ciliated sperm groove (Fig. 2) runs forward on the
floor of the mantle cavity, on to the left side of the
head and to the base of the penis (Fig. 2). The penis
is a long and flattened structure with a white colour.
On the right side of the penis lies a glandular mass
with heavy pigmentation known as the penial gland
(Fig. 2).

MALE REPRODUCTIVE SYSTEM

DUCTUS SEMINALIS
PROSTRATE GLAND
PENIA
PENIS 13 L GLAND

f
/ }_.._cu IATED GROOVE

Fig. 2

-1} Femoale reproductive system : The ovary (Fig. 3)
lies in the visceral hump in a similar position to
~occupied by the testes in males. It is obviously
picuous by its yellow structure. The oviduct
3) from the ovary runs forward along the
mellar side of the visceral hump. Atone point
g this part of the duct a side branch opens
he pericardial cavity and this is the gonoperi-
~duct (Fig. 3). The oviduct runs further to
posterior region of the mantle cavity ard

enlarges to form ‘the pallial oviduct. This pallial
oviduct traverses the whole length of the mantle
cavity on the right side running parallel with the
rectum and"~opens by means of a gono-
pore. The pallial oviduct is differentiated into a
posterior -albumen gland (Fig.3) and an anterior
capsule gland (Fig. 3). The left anterior region of
the pallial oviduct, by the side of the female
pore carries blind sac known as the Bursa copula-
trix (Fig 3); from which a channel runs to the
posterior region of the  paliial oviduct and opens
to- a small” blind tubule, the receptaculam
seminis.  The:anterior part of the paliial oviduct is
modified to -form a ‘broodpouch (Fig. 5) in the
mantle cavity in which, the embryos are retained
until their developmentrls completed. In the female
there is a structure occupying a corresponding por-
tion of the penis in- the male on the right side
of the head in the form of an unpigmented glandular
tract runnirg down the side towards the foot.
This is the ovipositor, which carries the veliger
(Fig. 6) out of the mantle cavity into the surround-
ing water.

FEMALE REPRODUCTIVE SYSTEM

——SURSA LOPLLATRIZ

Fig. 3

iil)  Nervous  system: The cerebral ganglia are
lying dorsal to the buccal mass one on either
of the cesophagus. Each cerebral ganglion is cof
nected to the other by a very short cerebral co
missure which ‘passes dorsal to the anterior oe
phagus. Each' is connected to the pleural,
and buccal ganglia by connectives namel
cerebropleural - connective  the  cerebro
connective - and the . 'cerebrobuccal
(Fig. 4). In addition each cerebral gangli
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_off five nerves which innervate the snhout, . ventral
lip, the tentacles, the eye and the fibres
running in the cerebropedal connective, and the
statocyst.

UTTORINA SCABRA WITWOUY SHEWL 10X6.3

ural ganglia lie close to_the cerebrals

y moved anterior and ventral. Each™ gives

onnections to"Otrh‘er:ganglia, {a} the cere-
al, (o) the pleuropedal and (c) the
tal  ‘connectives, ~ The right pleural

- gives rise : connective  which

the oesop . 1o supraoesophageal

gon the left, wise the left pleural

s rise to a connective which runs,

- Here is a

. ‘mantle
ial  nerves
‘establishes
connections

April. Spawni
* throughout the year, for the availability of young -
_ immature stock continuous with little variation in

génglion. Tﬁ&?fabfaiffg‘a‘h‘glion and the labial com-
missure have been lost, only the buccal ganglia-
survive in the innervation of the anterior gut walls.
Buccal gdhglia: The buccal ganglia are placed
lateral to tne gut at the point where oesophagus

VELIGER LARVA NERVOUS SYSTEM

Fig 4

and radular sac originate from the buccal cavity,
Each is the source of two connections to other
ganglion; a) the buccal commissure and b) the <cere-
brobuccal connective (Fig. 4). The buccal nerves were
not traced out. From the supracesophageal, con-
nectives run forward to the right pleural and post -
eriorly to the visceral -ganglia; giveing off pallial,
branchial and osphradial .nerves. The suboesopha-
geal ganglion is connected to the left pleural and
the visceral gangalion and gives off nerves to the
mantle. the anus and the repreductive system.

Visceral gahglia:_ These are represented by a
double structure more or less fused well, lying

below the integument forming the floor of the

mantle cavity - almest at .its innermost end. Two
main nerves originate from the larger ganglion; one
innervates the “heart. -and the

the female and male pores according to the sex
respectively. ' : e

Spawning qn& ,bevdbpment :

The spawning behaviour in Littoring scabra was
observed in the liboratory only for a month i.e,

g activity is probably continuous

89

.an excretory organ, : :;
while the other is a genital nerve which innervates =




numbers. In Littorina scabra the embryo develops
within the mantle cavity.. So there is no planktonic
egg capsule, and also no outer membrane is added to
the egg capsules. Copulation was not observed in the
laboratory and only to a limited extent the develop-
ment of this species has been investigated.

Fertilisation is internal. The egg is enclosed in a
covering which is devoid of an outer capsule. These
eggs are of different stages in development and are
embedded in a gelatinous mass within the mantle
cavity, arranged in rows. The broodpouch which has
a series of grooved bottom, holds theeggs. The rows
of eggs which are nearer to the ovipositor are the
earlier cleavage stages and the rows further posterior
in the mantle cavity are yet to developiinto the
cleavage stage. The eggs of different stages of develop-
ment in the mantle cavity suggests that the eggs were
spawned into the mantle cavities on different days.

Discussion :

Littorina scabra resembles Littorina sexatilis, a
viviparous British species in having a broodpouch in
the mantle cavity. The anatomy of the reproductive

and nervous system fits well into the general
sation of Littorina littorea (Fretter and Graham, fi
However, Littorina scabra differs significantly ff
Littorina littorea in the following points: Table | to (B ’

1) Littorina scabra is a viviparous species.

2) The presence of a prominent penial gland wnth a,
pigmentation. :

3) The presence of a brood pouch in the mantle
«cavity and the expulsion of veligers into waterf
.in the case of female.

4) The absence of covering gland since the egg‘;,
‘capsules are devoid of outer covering. :

5) Unlike that of Littoring littorea the pedal com-
missure is very very short or rather fused together
in Littorina scabra.

6) The cerebral commissure is short and not distinct:

7) The nerve from the pedal ganglia tothe propodmm
and metapodium are very prominent or otherwise
each may bear a ganglion,

TABLE 3.

TABLE 1.
No. Particulars A&era e _Average - ; Average Aversge -
1 Ductus seminalis 33.2 -57 1 Right cerebral ganglin 1.0 29
2 Prostrate gland 6.3 2.1 2 Left cerebral ganglion 1.0 .29
3 Sperm ciliated groove 3.6 3  Cerebral commissure .57
4 Penial gland 3.6 4 Suprg oesophageal ganglion 29
5 Penis 6.0 5  Supra eesophageal nerve 23 :
! 6  Bub oesophageal ganglion .14
7 .Sub oesophageal nerve 2.6
TABLE 2. 8 Left visceral loop 5.4
: 9 ‘Right visceral loop 4.1
No. Particulars Avera e Average 10 Right pedal ganglion b7 :
length (mm) width (mm) 11  Left pedal ganglion a2 0
1 Oviduct 3.7 12 Cerebro pedal. conn.ective 1.9 ’
Seminal vesicle 1 13 : Pleural ganglfon Right 14
14 Pleural ganglion left .29
3 Albumen and Capsule 9.7 3.6 »

gland

Average length and width of different parts of male
and female reproductive: systems of Littorina scabra.

Average length and width of various parts of nervous
system of Littorina scabra,
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There would appear to exist a connection between
the state of development of the gonad and the state of

* . development of the secondary sexual organs in Littoring

littorea and Littorina sexatilis i. e., during the
breeding season when the gonad is ripe, the penis,
prostate and pallial oviduct are at maximal size
(Fretter, 1962). For Littoring scabra the observations
_.were made only during the maximal breeding season
~ and so the condition of the gonad and the secondary
sexual organs during nonbreeding season has not been
observed. In a number of mesogastropods the vas-
deferens anterior to the renal section is an open
groove (Fretter and Graham 1962). ‘

In this Littorina scabra resembles the British
species Littorina littorea, Littorina littoralis and Littoring
.sexatilis.  Assuggested by Linke. (1933) the seminal
receptacle is placed at the inner end of the pallia,
oviduct in Littoring scabra. Spawning and develop-
ment has not been studied completely, only the
veligers were observed in the laboratory.
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Explanation for Figure 4.

Pedal ganglion

Propodial nerve

Metapodial nerve
Cerebropedal connective
Pedal commissure
Cerebropleural connective
Left pleural ganglion

Right pleural ganglion

9 Cerebral ganglion

10 Cerebral commissure

11 Pallial nerves

12 Sub Oesophageal nerve

18 Sub Oesophagesal ganglion
14 Supra Oesophageal nerve
15 Supra Oesophageal ganglion
16 Visceral loop

17 Visceral ganglion

20 Nerve to columellar muscle
21 Tentacular nerve

22 Optic nerve

W I DO W
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23 Pleuropedal connective
24 Cerebrobuccal connective
25 Buccal ganglion

26 Buccal commissure
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