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INTRODUCTION.

Fishery biologists and fish farmers in India have to face two vital problems:
firstly, prevention of high percentage of mortality of fish seed (larvae) and seedlings
(fingerlings) during transport and secondly, sudden epidemics of mortality of fish
in ponds under certain conditions. Fishes utilize dissolved oxygen in water
for respiration and discharge CO, as a waste product of metabolism which remains
in the medium in a dissolved state. Decrease of dissolved oxygen in water below
a certain limit and increase in CO, tension in the medium lead to unfavourable
condition to fish life, but the exact cause of mortality and the effect of the attendant
physico-chemical factors are not yet clearly understood. A good deal of work
has, however, been carried out on this subject both in America and on the continent
of Europe.

Many observers have pointed out that the metabolism of and consequently
the oxygen consumed by fishes and other aquatic animals follows in general Vant
Hoff’s law with reference to temperature regardless of the amount of oxygen present
until a lethal point is reached (Keys, 1930). Rutner (1926) has stated that oxygen
consumption of many aquatic animals is doubled with each rise of 10°C. within
physiological limits. Powers (1922, 1932) has pointed out correlations between the
utilization of oxygen by fishes at low oxygen tensions, the pH and carbonate systems.
Kupzis (1901) has stated that in geueral the European roach (Leuciscus erythrop-
thalmus) could live for some time in water containing 1 p.p.m. of dissolved oxygen
but die when reduced to ‘57 to *71 p.p.m. Shelford and Allee (1913) have observed
that fishes are clearly affected by lack of O, and that presence of free COg in water
is poisonous to fishes. They have concluded that CO, is probably the best single
index of the suitability of water for supporting fish life. Wells (1913) has shown that
fishes die due to lack of O, or excess of COg and there are O, and CO, optima. Lastly,
resistance varies with individual species, weight and size. Small fishes are more
resistant per unit weight than large ones. Gardiner and King (1922) have given as-
phyxial point for trout as1-14 p.p.m. of dissolved O, at 6-5°C. t0 3-4 p.p.m. at 25°C, and
for goldfish as -56 p.p.m. at 11°C. and -6 p.p.m. at 27°C. Plehn (1924) has stated that
trout lives best in water containing 10 to 11-3 p.p.m. of dissolved O, but it evinced
signs of discomfort when dissolved O, was reduced to 7-66 p.p.m. Thompson (1925)
found that carp lives in water containing as little as 2-2 p.p.m. of dissolved O,. Ellis
(1937) has pointed out that carp lives best in water containing 7-1 p.p.m. of dissolved
03 but it evinced respiratory embarrassment at 43 p.p.m. of dissolved O, or lower
concentrations. He has also stated that oxygen requirements of fish depend on en-
vironmental factors, the size and species of fish. Temperature, pH and dissolved CO,
are particularly important in this connection and the upper limit of dissolved oxygen
at which asphyxia in freshwater fishes, if there is no unusual complicating factors,
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is in general about 3 p.p.m. at 25°C. Moore (1942) in evaluating the results of the
previous workers has commented that most of the authors had studied this problem
under laboratory conditions and had pointed out their defects in the procedure of ex-
perimentation in closed systems. Although much work has been done on this
subject, both in America and Europe, no satisfactory explanation has so far
been adduced as to the actual cause of mortality of fishes and oxygen requirements of
fresh-water fishes.

In India, this aspect of study has not received much attention so far. Khan
(1940), working on the fingerlings of an Indian Carp Cirrhina mrigala, has shown that
when O, is reduced to -05 c.c. per litre or (-07 p.p.m.) per fish in water, the fish showed
signs of asphyxiation and the oxygen consumption varied from -375 to -8476 c.c.
per litre or (-5 to 1-14 p.p.m.) per fish. As already pointed out by Moore (loec. cit.),
the technique followed by Khan in determining O, had certain limitations. He had
not determined the O, requirements per grm. body weight of the fish as it is evident
that the O, requirements varies with the weight of fish. An attempt is therefore
made in these investigations to study the oxygen requirements of the Indian carps.
In the light of recent comments, the experimental technique has been standardized.

MATERIAL AND METHOD.

Experimental Technique : Technique used for continuous supply of water of a
definite concentration of oxygen.—The apparatus used for continuous supply of water
with different oxygen concentrations is figured on Plate XIII.

The drum B is continuously fed with cold water from tap through a constant
head reservoir A at the same rate as the outflowing water through the experimental
flasks. Containers B and C filled with water are heated to boiling and the inlet to B
is adjusted so that there is a continuous flow of boiled (de-aerated) water from C
to E through the condenser. This de-oxygenated water is then mixed with varying
amounts of tap water from container D. The float in D maintains a continuous
flow of tap water from it at a constant head. The two waters (tap water and de-
oxygenated water) mix well in £ and pass through the reservoir flask F (20
litres capacity) to the five experimental flasks Gy to G (3 litres capacity). Each
experimental flask has a separate inlet which feeds water to it from F. The inlet
and outlet water of the experimental flasks can be sampled during the experiment
without disturbing the set up or the continuous flow of water through the flasks.
Temperature of the inlet water and the experimental flasks are recorded by the
thermometer placed in F' and Gs.

Analytical method.—pH of water sample was determined colorimetrically using
Taylor comparator.* Alkalinity, CO, and dissolved oxygen were determined
according to the standard procedure of the American Public Health Association
(1946). The Azide modification of the Winkler method was used for the dissolved

. oxygen determination.

Fishes used in experiment.—Fingerlings of Catla catla (Ham.), Labeo rohita
(Ham.), Cirrhina mrigala (Ham.), and Labeo bata (Ham.) collected from a neigh-
bouring fishery were used for experimentation. Goldfish was used as a test animal.
Three fishes of each variety were used for each experiment, and their size and weight
recorded. Fishes were kept in laboratory condition at least two days before putting
them in experimental flasks. Fishes kept in captivity for more than two weeks were
not used for experimentation and the same fish once subjected to experimentation
was discarded. Artificial feeding with prepared fish food was maintained so that fishes
did not fall off their weight. Sickly or diseased fishes were discarded. Fishes were
marked by tags in order to follow the individual behaviour of each fish throughout

* This investigation warrants more accurate pH determinations using glass electrode.
As this was not available, colorimetric method was used.
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the experiment, Prior to experimentation, fishes to be used for experiment were
segregated and conditioned for 24 hours so that any harmful effect from the deposition
of excretory matters in the experimental flasks was obviated.

Experimental results.—Experiments were conducted using low concentrations of
oxygen in the water and maintaining a continuous flow of 2-3 gallons per hour
through each experimental flasks throughout the period of experiment. Every halfan
hour observations on the D.O. and rate of flow, and less frequent observations on the
pH, alkalinity, free CO; and temperature of the sample of water collected at the inlet
and outlet ends of the experimental flasks, were carried out throughout the period of
the experiment. Records of the behaviour of the fishes in the experimental flasks
were also maintained.

A parallel control experiment using tap water in place of the low Oy concen-
tration water was also run. The results obtained are briefly summarized in the
appended table.

Discussion.

The results outlined above indicate that under the conditions of the experiments,
fishes can survive over 24 hours in low concentrations of oxygen of the order of
1 p.p.m. in water. It was also observed that when low O, concentrations were
maintained, fishes remained quiet showing least amount of activity thereby decreasing
the oxygen necessary for their movements.

The exchange of oxygen between the blood in gill capillaries and the surrounding
water depends not only on the concentration of oxygen but also on pH, temperature,
CO, and other ions, principally Ca and Na ions in the water. It is generally known
that COz has a distinet effect on the oxygen requirements, but the mechanism by
which these factors affect the oxygen requirements is not known. This aspect of the

problem is fundamental to a study of fish physiology in relation to fish cultural
practices.

Further detailed work on the foregoing aspects of the problem is in progress.

SUMMARY.

Experiments relating to the oxygen requirements of the Indian fishes, Catla catla, Labeo rohita,
Labeo bata and Cirrhina mrigala have been carried out. Details of an apparatus devised for
continuous supply of water containing varying concentrations of oxygen are described. The
results obtained show that these fishes can survive over 24 hrs. in low concentrations of
oxygen of the order of 1 p.p.m. in water,
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Experiment. ‘ Oxx'g;ar; | Temperature in °C. Analysis of Inlet water. \ Fishes used. ! Rate of flow of Analysis of Qutlet water.
T concen- ‘ . . Alkelinity 85 |CO, as p.p.m. ‘ . waterin o.c. | Feriod [ Alkalinity as p.p.m | ’
! tration Inlet. Outlet., Oxygen. ! pH. [ Do, Cu{')O . 2 COP.P . ! Wt. in grms. J per min. of Oxygen. pH. ‘ a éﬂ}éaslp pm COy a8 p.p.m. CO,.| . .
: U eed ! | PP 3 2 R Av. size. i obser- 3 | Period of survival of fish.
No. | Nuture of expt. | (pq;.m.’ t ] - | Type. No.| 1 e, ‘ | vation. ; i I
j | "0y, ' Range. | Mean., Range. | Mean.| Range. | Mean.] Range. | Mean; Range Mean./Range.{ Mean. ; Total. Av. Range. Mean. Range | Mean., Range. | Mean,! Range, ! Mean. Range. : Mean.
§ i i | + i J |
; ] | | : i ;
[ | Control . i 718 lﬁ 28-30 | 20 27-28 | 27-5 7-7-8 | 732 7.9 7.8 282 282 | Nil Nil All types | .. 1 ' 200 200 7-7-8 732 1 e 79 282 282 Nil-Trace | Nil ! No mortality.
i 5 i Catla 3] 874] 2585 861 | 200 200 a-18 | a3 85 85 | 118-120 | 1196 | Nil Nil | 7 mins. to 20 mins.
! ! ‘ i | J Rohu 3| 108 4065 | 1651 | 200 200 a-15] 13|85 85 118-120 | 1196 | Nil Nil | 6 mins. to 20 mins.
: ! : i
i i
: Experimental 0-1-0-2 1 20-31 | 30 | 2728 | 275 16 15 8:5 85 122 122 | Nil Nil Mrigal 3 10-69 . 30-75 1025 | 200 200 40 mts. 115 13 | 85 85 118-120 1196 | Nil Nil 7 mins. to 3¢ wins.
I
‘ | : 1 Bata 3 1049 333 111 200 200 1-15 181 85 85 118-120 119-6 Nil Nil 5 mins. to 15 mins.
: i
! : CGoldfish .. 3 756 192 6-4 200 200 1—15 13 1 85 &4 120 120 | Ni Nil | 15 mins. to 40 mins.
11 | Control -;_7 2ha0 | 29 | 27-28 | 275 77 | 77| 8a-R4| 833 | 208212 |2106 | Nil | Nil | Al types u 240-250 | 245 75 TE L8384 893 | 208202 206 1 NIl Nil | No mortality.
' { L J
| i x Catla 3 893 i’ 33:1 11:03 | 220-250 | 236 -5-1 |84 84 144 144 Nil ! Nil | 10 mins. to 1 hr.
i i ! |
t : i i { Rohu 3 10 32:2 10-73 200-240 218 -4-1 74 . 8-4-8-5 | 843 140-~142 141-3 Nil Nil 30 mins. to I hr.
| Bxporimentsl | 0-5-1 27-20 1 28 | 27-29 | 28 51 | 15| 85-84 | 842 | 148-150 | 1493 | Nil | Nil{ | Mrigal bos 883 1 242 806 | 216-248 | 226 : 9 hrs. -5-1 T84 ¥4 144 RES Nil Nil { 20 mins. to 1 hr.
{ i 1 ( |
4 E ] Bata P304 30-9 103 | 208-210 ‘ 203 | - T2 | B4-8:5 | 843 | 142-144 | 1433 | Wil i Nil | 40 mins. to 1 hr. § mins.
! ! Goldfish .. | 3 7 184 613 | 200-220 ; 205 31 61 | 84-85 ¢ 8431 142 142 Nil [ Nil | No mortality.
i : | i i | y
Bl B Tl il e T e el - o - | - [ N - [ o 220 | = ;
111 { Control 76-8-2 | 23-20 | 264 ‘\ 24 | TO-82 | TT [ TTTR | TIB | 330-340 3862 | Nil | Nil ) Alltypes | . i : 210-240 | 2243 7481 | 79 |77 77 330-342 | 3361 | -15-3 |25 | No mortality.
! : i Catla .. | 1038 ) 87 | 1283 [ 210-240 | 2243 0-8-1-4 | 951 84-87 | 8451 154-182 | 1684 | Nil | Nil | No mortality.
{ ! ! i
| ! [ ; Rohu . ; 3 8-46 17-2 573 210-240 2243 0-8-1+4 88 | 8:3-87 | 84 158-182 166-9 Nil | Nil No mortality.
: ) ! | t i ¥
: i i | .
Experimental 1 2320 ' 264 | 21-27 | 244 | 1-15| 118 | 8:4-87 | B45 | 140-180 | 1684 | Nit | Wil{ | Mrigel .. 3} 966| 248 l 826 | 210-240 | 2243 | 2abrs. | 0-6-1:3 | 54| 8487 | 545 | 158-182 1 1693 | Nil ] Nil | No mortality.
I ' !
| ’ Bata ‘ 3 i 99 22:6 753 ‘ 210-240 2243 0:7-1-4 83 1 83-87 1 84 160~-180 168-1 Nil l Nil No mortality.
i ‘: ; | ! 3 ! Coldfish .. | 81 756 | 192 | 64 | 20240 | 243 07-1-4 | 97 | 8487 | 845 | 158-180 | 1668 ; Nil I'Nil | No mortality.
| ! : i ! : t { i | i | { i | i
; | { ! ! i . ; i

N.B.—Analysis of inlet and outlet water for B.0.D. and oxygen absorption showed that the water contained negligible amount of organic matter (B.0Q.D). less than 0-2 p.p.m. and 4 hrs. O, absorption from permanganate almost nil.

* Catla=Catla catle (Ham.).

Rohu=Labeo rohita (Ham.).

Mrigal =Cirrhina mrigale (Ham.).

Bata s Labeo bate (Ham.).

Gold Fish=_Cuarassius auratus,
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