STUDIES ON THE OXYGEN CONSUMPTION IN TROPICAL POIKILO-
THERMS: IV. OXYGEN CONSUMPTION IN THE FRESH WATER
FISH, PUNTIUS SOPHORE (HAMILTON) IN RELATION TO SIZE
AND TEMPERATURE

by V. PARVATHESWARARAO, Department of Zoology, Sri Venkateswara University,
Tirupati

{(Communicated by B. R. Seshachar, F.N.1.)

(Received August 20 read December 4, 1959)

ABSTRACT

In Puntius sophore increase in oxygen consumption with increasing body weight, as
indicated by the regression coefficient of metabolism against size, is maximal at the habitat
temperature and less so at other temperatures, higher as well as lower. Hence the b value of
the size-metabolism curves is maximal at 25°C. Consequently the rate of decrease in the unit
metabolism with increasing body size exhibits a parallel dependence on temperature. The
smaller fish appear to he more sensitive to temperature changes (as measured by Q;,) than the
larger ones, but the latter show marked heat depression at 35°C and indications of cold depres-
sion at 15°C. With increasing body weight the Q,, increases at temperatures below the habitat
temperature and decreases at temperatures above the habitat temperature. The Q,, values
are less size dspendent at lower temperatures than at the higher. The Q;, values do not show
any systematic temperature trend except in the 16 gm. fish, where the Q;, systematically
decreases with the increasing temperature. This appears to be associated with its heat depres-
sion at 35°C. Highest Q;, value is noted in the smallest fish at the highest temperature range
and in the largest fish at the lowest temperature range,

INTRODUCTION

The influence of body size and environmental temperature on metabolism,
as measured by the oxygen consumption, has already been described by the author
in a tropical fresh water fish, Etroplus maculatus (Parvatheswararao, 1959). To
determine whether any generalisation can be made regarding the influence of
body size and environmental temperature on the metabolism and .activity of tropical
poikilotherms, the investigations have been extended to another tropical fresh
water fish, Puntius sophore and these are described in the present communication.

MATERIALS AND METHODS

The fish were collected from the local fresh water ponds and stocked in the
laboratory in large aquaria along with Etroplus maculatus. The fish were fed
regularly once in two days, and water in the aquaria renewed once a week. Feeding
metabolism was measured in specimens of different body weights at different
temperatures, like 15°C, 25°C, 30°C, and 35°C. 25°C was the approximate accli-
mated temperature, as the temperature of the aquaria varied between 24 and 27°C
during the period of these studies. The procedure of these experiments was the
game as reported in an earlier work (Parvatheswararao, 1959), and the estimation
of oxygen content in the water samples was by the Winkler’s iodometric method
as described in Welsh and Smith (1953). The experimental duration was 15 minutes
in each case and the fish were found to be somewhat slimy.
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The results obtained are presented in the accompanying Tables and also plotted
in the several graphs.

TABLE 1

Total oxygen consumption in Puntius sophore of different body weights «t
different temperatures

Weight O, ml./hr.

Serial of fish
number Gms. 15°C 25°C 30°C 35°C
1 1.0 0.154 0.271 0.658 0.851
2 2. 0.080 . 0.390
3 2.5 0.230 0.390
4 2.7 0.370 0.550
5 3.8 0.490 0.860 0.860
6 4.0 0.370 1.100 1.530
T 4.0 1.100 0.920 1.650 2.330
8 5.2 (.250 0,800 1.590 1.710
9 6.1 0.530 0.430 (4.370 2,940
10 6.1 0.310 1.630 2.010 1.860
11 6.4 0.470 1.630 1.470 2.010
12 6.5 0.920 1.220 1.840
13 6.8 0,770 1.740 1.780 1.940
14 7.0 1.390 2,010 2,010 2,170
15 7.0 1.860
16 7.1 0.850 1.320 1.740 2.480
17 7.6 1.470 5.190 4.530 3.920
18 7.8 0.780 1.280 1.780 1.860
19 8.5 0.680 2.020 1.470 3.060
20 8.5 1,230 2.140 2.690 2.690
21 11.2 2,820
22 12.6 1.840 2.510 3.610 3.060
23 16.2 0.370 3.000 4.160 3.800

Ozygen consumption as a function of body size :

The values for the total oxygen consumption of the fish (O, ml. /hr /fish) of
various body weights at different temperatures are shown in Table 1 and plotted
as size-metabolism curves in Fig. 1. At all the temperatures studied the oxygen
consumption increases with increasing body weight of the fish, but there are clear
indications of the existence of different responsive patterns by fish of different
body sizes to these temperature changes as evidenced by the regression coefficients
of the size-metabolism curves (Fig. 1 and Table 1). The regression coefficient
of the oxygen consumption in relation to body size is maximal at 25°C and decreases
at higher or lower temperatures. Tt is of interest that 25°C is the mean acclima-
tion temperature of the fish. Further, throughout the weight range of the fish
studied, the oxygen consumption incrcases with the same power of the body weight
a8 is suggested by the straight lines of the size-metabolisn curves. Unit oxygen
consumption (O, ml./gm./hr.) values for fish of representative weights, calculated
from the curves of Fig. 1 are presented in Table 3. The unit oxygen consumption
decreases with increasing body weight of the fish at all temperatures studied.
Such a decrease in unit oxygen consumption with increasing body weight at various
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Total oxygen consumption of Puntius sophore as a function of body size at different temperatures, plotted
on double logarithmie grid. The points in the figure represent individual measurements. The experi-
mental temperature and the regression value are indicated in relation to the corresponding curve.
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temperatures reflects the temperature trends of the size-metabolism curves, already
pointed out.

TABLE 2

The regression coefficient of omygen consumption in relation to body size in
Puntius sophore at different temperatures

Temperature 15°C 25°C 30°C 35°C
Regression
coefficient 0.86 0.96 0.91 0.569

Oxyqen consumption as a function of temperature :

It may be noted that the size-metabolism curves of Fig. 1 have different b
values at different experimental temperatures (Table 2). Thus at 15°C the b value
of the curve is 0.86, at 25°C it is 0.96, at 30°C it is 0.91, and at 35°C 0.59. Such
a variation of the b indicates that the increase in the oxygen consumption with the
increasing body size is not the same at all temperatures, The unit oxygen con-
sumption values of the fish of representative weights presented in Table 3, are
plotted in Fig. 2 as Rate-Temperature curves. An examination of these curves
will reveal that the body size is a very important parameter in influencing the
pattern of metabolic response of the fish to the varying temperatures. 'The smaller
fish are not only sensitive to these temperature changes but appear to be more
tolerant of the same. TUnlike this the larger fish, like the 16gm. one, show marked
heat depression at 35°C and indications of cold depression as well at 15°C. The
same can be made out from the Q values discussed below. It may further be
noted from Table 3 that the extent of metabolic response to temperature changes
is directly proportionate to the temperature gradient encountered by the fish.
Thus the unit oxygen consumption values of various fish vary much more between
25 and 35°C' or 25 and 15°C than between 25 and 30°C. The only exception to
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Rate of oxygen consumption (O, ml./gm./hr.) as a function of temperature in
Puntius sophore of 1, 4, 10 and 16 gm. weights. The points are taken from- the size-
metabolism curves of Figure-1,
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this trend is the lesser variability in the unit oxygen consumption of a 16 gm. fish
between 25 and 35°C than between 25 and 30°C and this is associated with the
heat depression in this fish at 35°C.

TABLE 3

Oxygen consumption per gram of body weight per hour in Puntius sophore
of different sizes at different temperatures. The values are calculated
from the size-metabolism curves presented in Figure-1

Weight 0; ml./gm./hr.
of fish -
Gms. 15°C 25°C 30°C 35°C
1 0.129 0.240 0.297 0.724
4 0.107 0.224 0.268 0.413
10 0.092 0.219 0.246 0.282
16 0.086 0.212 0.238 0.232

Qo a8 @ function of body size and temperature :

The values for the Q,, of oxygen consumption in Puntius sophcre were cal-
culated from the data presented in Table 3. The same are presented in Table 4
and plotted as curves in Fig. 3. To a greater or lesser extent the Q,, values in
Puntius sophore are size dependent at all temperatures. At low temperature
range (15-25°C) they increase with the increasing body weight and at higher tem-
perature ranges (25-30°C and 30-35°C) they decrease with the increasing body
weight. Such a decrease is less marked and systematic at the lower of the two
higher temperature ranges. Thus at 25-30°C range the Q,, decreases from 1.54
to 1.25 between 1 and 16 gm. fish, while the corresponding decrease between the
same fish at 30-35°C range is from 5.95 to 0.97. Further at all temperature
ranges the variability of the Q,y values with the body weight is the steepest and
most marked in smaller specimens than in the larger ones, testifying to the greater
degree of size dependence of the Q,, values in the smaller fish than in the larger

ones (Table 4).

oy
40}~
L2 &
(2] e, 15 - 28%C
““:S
| ———t 28_30"%¢
Y 30,35
s - 1 _ - |
4 e an

§ 2
Body ut.. gms.
TexXT-FIG. 3.

Qo of oxygen consumption in Punéius sophore as a function of body size, at different
temperature ranges. The Qo values are caleulated from the unit oxygen consump-
tion date shown in Table-3.
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TABLE 4

QIO of oxygen conaumptian in Puntius sophore in rela-
tion to body size and temperature. The @1y values
are calculated from the unit oxygen congumption
values presented in Table-3

Weight

of flsh 15-26°C 25-30°C 30-85°C
Gms.
1 1.86 1.64 5.95
4 2.09 1.44 2.37
10 2.38 1.25 1.32
16 2.47 1.25 0.97

The Q,, of oxygen consumption in Puntius sophore decreases with increasing
temperature between 15 and 30°C but increases with increasing temperature between
25 and 35°C excepting in the 16 gm. fish (Table 4). The decrease in the Q,, values
between 15 and 30°C is systematic and graded in smaller fish but becomes less and
less so in larger fish and consequently in the 16 gm. fish the Q,, drops from 2.47
to 1.25 between 15-25°C and 25-30°C ranges, while in a 1 gm. fish the corresponding
drop is only from 1.86 to 1.54. Conversely the increase in the Q,, values between
25-30°C and 30-35°C ranges is most marked in smaller fish but it becomes less
and less so in larger ones. Thus in a 1 gm. fish the Q,, increases from 1.54 between
25 and 30°C to 5.95 between 30 and 35°C, while the corresponding increase in a
10 gm. fish is only from 1.25 to 1.32, This tendency appears to have proceeded
much further in the 16 gm. fish, where the Q,,, instead of increasing, actually
decreases from 1.25 between 25 and 30°C to 0.97 between 30 and 35°C. This
negative Q,, value is a clear indication of marked heat depression in larger fish
at 35°C.

DiscussioN

That metabolism of ammals is considerably influenced, among other factors,
by body size and habitat temperature has long been recognised. In Puntius sophore
the total oxygen consumption increases with the increasing body weight at all
temperatures (Fig. 1). Conversely, the weight specific QO, decreases with increas-
ing body weight. It has been pointed out that in a great majority of cases, studied
amongst fishes, the increase in the oxygen consumption with size is surface area
dependent rather than weight dependent (Bishop, 1950; Fry, 1957). Nevertheless
there are cases like Salvelinus fontinalis (Job, 1955) and Etroplus maculatus (Par-
vatheswararao, 1959), where the increase in the oxygen consumption with size
was found to be intermediate between surface area dependence and weight depen-
dence, at all temperatures in the former and at the habitat temperature in the
latter. As against this, in the present case the regression values at the habitat
temperature and near about it (25° and 30°C) indicate that the increase in the
oxygen consumption is nearly weight dependent rather than surface area dependent.
But, that no generahsatlons can be made in this regard is shown by the fact that
in the- present case the increase in the oxygen consumption may follow surface
area dependence (as at 35°C) or weight dependence (as at 25° and 30°C) or may
even be intermediate to these two conditions (as at 15°C).
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The fact that fish of different body weights have different response patterns
to temperature variations is evidenced by the & values of the size-metabolism
curves (Fig. 1). At 25°C (habitat temperature) the b value is maximal, being
0.96. At higher temperatures the b drops down to 0.91 at 30°C and 0.59 at 35°C
(Table 2). That this is due to the smaller fish being more sensitive to temperature
changes is obvious from the Q,;, values shown in Table 4. At these higher tem-
peratures the smaller fish have high Q,, values indicating greater increase in their
metabolism with increasing temperature and consequently at higher temperatures
the curve towards the lower weight ranges is elevated much more than the rest;
hence decreasing slope of the curve with increasing temperature. At 35°C the
low & value of the curve appears to be due to the larger fish being heat depressed
at this temperature as can be made out by the negative Q,, value in the 16 gm.
fish and also the smaller fish being extremely sensitive to but tolerant of this tem-
perature as can be made out by the very high Q,, value in the 1 gm. fish at this
temperature. Likewise when the temperature is lowered to 15°C from 25°C, the
b value again decreases to 0.86 from (.96 and in this case the decrease in the b value
appears to be due to the larger fish being slightly cold depressed at 15°C, as can be
seen from the high Q,, value of the 16 gm. fish at this low temperature, Thus in
Puntius sophore the b value of the size-metabolism curves decreases with increasing
temperature above the habitat temperature (25°C) as in the case of the fresh water
fish, Etroplus maculatus (Parvatheswararao, 1959) and the earth worm, Megas-
colex sp. (Saroja, 1959). But unlike these instances cited, in Puntius sophore
at 15°C the & value, instead of increasing, actually decreases, apparently due to the
larger fish being cold depressed at this low temperature. Consequently, at the
habitat temperature the b value happens to be maximal. Similarly, in the marine
and brackish water populations of the prawn, Mefapenaeus monoceros (Rao, 1958)
the b values were maximal in the normal media and decrease with the variations
in the salinity of the medium. This is especially true of the marine populations.
In the lizards, Sceloporus occidentalis and Uta stansburiana the b values varied with
temperature between 0.47 and 0.64 for the former and between 0.54 and 0.68 for
the latter (Dawson and Bartholomew, 1956). But unlike what is found in the
present case, the b value in the case of these lizards did not show any temperature
trends. It appears that no general case can be made out for the b values as regards
their temperature trends. These values are said to be variable even in the same
species due to varying environmental conditions (Rao and Bullock, 1954; Rao,
1958).

It may be that the low & values in the present case at 35°C and 15°C are
correlated with the heat depression at 35°C and slight cold depression at 15°C in
the larger fish. Unlike this in Etroplus maculatus (Parvatheswararao, 1959), another
fresh water fish, no heat depression was noted in larger specimens but indications
of cold depression were noted in smaller specimens at 15°C. It may be reasonably
assumed that the occurrence of heat depression in the larger specimens of Puntius
sophore may be due to the fact that they were comparatively cold adapted, having
been kept at 25°C, unlike Etroplus maculatus which were kept at 30°C. While
the smaller specimens could tolerate this higher temperature extreme, the larger
ones could not, consequent upon which their metabolism got depressed. The
metabolic response to temperature changes in Puntius sophore is greater between
either 25 and 35°C or 25 and 15°C than between 25 and 30°C, obviously due to
the much wider gradient between the acclimated and experimental temperat ures
in the former than in the latter (Table 3 and Fig. 2). Similarly, in the crab, Pachy-
grapsus crassipes (Roberts, 1957) it has been shown that as between crabs
acclimated to 8.5 and 16°C, the former consumed more oxygen at 23.5°C.

In metabolic studies the desirability of taking body weight into consideration
can be well appreciated if the temperature responses in the metabolism of animals
of different weight groups are to be understood relatively. In the pr esent case
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the Q,4 of oxygen consumption is size dependent, although to varying degrees,
being maximal at the highest temnperature range (30-35°C) and less so at lower
ranges (Table 4 and Fig. 3). This maximum size dependence of the Q,, values
at 30-35°C appears to be exaggerated by the marked heat depression in the larger
specimens and extreme sensitivity and tolerance of smaller specimens at 35°C.
The reversal in the size dependence of the Q;, values at temperatures above and
below the habitat temperature in the present case is of interest. Above 25°C the Qo
decreases with increasing body weight and below 25°C it increases with the increas-
ing body weight. This appears to be a reflection of the manner in which the larger
fish respond to changes in temperature, especially when the gradient is sufficiently
large. Thus the largest fish has the highest Q,, at the lowest temperature and
the lowest Q,, at the highest temperature, due to. marked metabolic depression.
Hence in this case the suggestion of Bélehrddek (1930, 1935) that physiological
activities, provided they are not of a low coefficient, generally show an increasing
temperature sensitivity with age appears to be true to a certain extent, It has
been pointed out (Rao and Bullock, 1954) that temperature coefficients in poikilo-
therms most commonly either increase with increasing body weight or show no
gize trend at all. And both these trends were found in the crab, Pachygrapsus
crassipes (Roberts, 1957) but at different temperature ranges: the Q.4 increases
with increasing body weight between 16 and 23.5°C and shows no size dependence
between 8 and 16°C.

In Puntius sophore the Qo does not seem to show any regular and systematic
variation with temperature excepting in the 16 gm. fish (Table 4). Between 15
and 30°C it decreases with increasing temperature but between 30 and 35°C it
increases except in the 16 gm. fish, in which due to acute heat depression at 35°C
the Q;, drops to less than one. Unlike this, in another fresh water fish, Etroplus
maculatus (Parvatheswararao, 1959) the Q,, systematically decrease with increas-
ing temperature. In the earth worm, Megascolex sp. (Saroja, 1959) also the Qg
values did not show any regular temperature trend. However, in the present
case, it may be noted, that the Q,, values are less size dependent at lower tempera-
tures than at the higher and the greater size dependence of the Q;, values at higher
temperatures appears to be further exaggerated by the marked heat depression
in the larger fish at 35°C. As against this in Etroplus maculatus there is a greater
size dependence of the Q,, values at a lower temperature range like 15-30°C, perhaps
due to the cold depression of smaller fish at 15°C (Parvatheswararao, 1959). In
Mytilus californianus (Rao, 1953) also, as in the present case, the Q, values were
found to be less size dependent at lower temperatures.
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