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INTRODUCTION,

Mortality of fish due to gas disease is not uncommon (Marsh and Gorham,
1905), and in certain cases it has been ascribed to excess of dissolved oxygen in water
(Weibe, 1933; Woodbury, 1941, Haempel, 1928; Plehn, 1924). During experiments
on rearing carp fry in the laboratory, it was observed on several occasions that
when excessive algal bloom appeared in the aquaria the fish fry began to develoP
gas trouble and die in fair numbers. As such occurrence is possuble in nurseries
also, the phenomenon was studied in detail and the results are given below.

Fisu AFFECTED.

Mixed collections of carp fry, 5 mm, to 7 mm. long, were being reared in the
jars. These contained Catla catla, Labeo rohita, L. calbasu, L. bata, Cirrhina mrigala
and C. reba. Specimens up to 20 mm. in length were affected by the gas disease
(larger specimens were not present in the aquaria)., About 709, of the affected
fry were L. calbasu, though the species constituted only &bout 209%, in the total
collection.

SyMpTOMS OF DISEASE.

In the early stages of distress the fry were usually seen with scattered minute
gas bubbles on the lower lip, and sometimes on the edges of the dorsal and caudal
fins. Microscopic examination, however, did not show any obvious damage to the fin
membrane. There was no bubble visible in the stomach and the fry were swimming
normally. In the later stages gas began to accumulate in the stomach. While
the fry had not lost equilibrium at this stage, owing to the presence of gas inside,
it was constantly, though slowly, being buoyed up and was, therefore, swimming at

* Published with the kind permission of the Chief Research Officer, Central Inland Fisheries
Research Station, Barrackpore,

VOL. XVII—No. 4.



262 K. H. ALIKUNHI, V. RAMACHANDRAN & HIBALAL CHAUDHURI: MORTALITY

an angle of about 45°, with the head pointing down. With continued aceumulation
of gas it could maintain equilibrium only by continuous effort. During advanced
stages of distress the gas bubble in the stomach was quite conspicuous, even extend-
ing to the anterior half of the intestine (Fig. 1). The fry by now lost equilibrium
and the gas bubble buoyed it up helplessly to the surface, where it was floating
either on the side or with the belly up. The margin of the caudal, anal and dorsal
fins had a blistered appearance and usually the membraneous tissue had sloughed
away, leaving the tips of fin rays exposed. When floating at the surface, for all
practical purposes the fry appeared as dead, but when attempt was made to pipette
them out they suddenly became active and vigorously swam down; however, in
spite of repeated efforts they were soon buoyed up to the surface again.
Continued accumulation of gas further distended the stomach and intestine and
ended fatally to the young fish. ‘

“Gas bubble.

Texrt-r16, I: Carp Fry (Cirrhina reba), 10°56 mm. long, in advanced stage of gas trouble. Camera
lucida sketch of specimen preserved in 59, formalin.

On one occasion some small gobies kept in a jar with water containing a thick
algal bloom were also affected by similar gas trouble. As the day advanced and the
jar was exposed to sun, gas began to accumulate as a conspicuous bubble, sub-
cutaneously at the nape and also between the eye ball and the conjunctiva. In
some specimens the operculum on either side was raised up by accumulated
gas. The reactions of the fish were the same as those of the carp fry, first swimming
at an angle and then floating up at surface, in a helpless manner.

CoNDITIONS OF ENVIRONMENT.

Fifty carp fry were being reared in each of ten jars, containing about 3 litres of
water. No sand or mud was provided at the bottom, and the water was not renewed
after introduction of fry. The fry were fed daily with live plankton and the debris
accumulating were regularly removed. The jars were placed in such a position
that they were directly exposed to the sun daily for about three hours in the morning.
Under these conditions, within a month, the water in all the jars developed thick
algal blooms. Common forms like Ankistrodesmus, Tetraspora, Microcystis, Meris-
mopedia and Scenedesmus constituted the dominant organisms in the bloom.
Analysis of water samples showed excess of dissolved oxygen, ranging from
17-74 p.p.m, to 23-14 p.p.m., representing & maximum saturation of about 3089,.
The pH of the water was uniformly over 11-0. The diurnal fluctuations in the pH
and dissolved oxygen content of water in these jars ranged from 9-5 and 8-63 p.p.m.
respectively at 6 a.m. to over 11:0 and about 23-0 p.p.m. at 2 p.m. In the jar
in which the gobies were kept the physico-chemical conditions were as follows:

: Temperature, 32:0°C. ; pH, over 11-0; Dissolved oxygen, 26-0 p.p.m.; Percentage
;)g s(z;turation of dissolved oxygen, 346%,; Carbonates, 104 p.p.m., and Bicarbonates,
-0 p.p.m,
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Causes or DEATH.

Death was apparently due to extreme distension of the stomach by
continued accumulation of gas inside and the resulting state of congestion and
choking. In some cases the accumulation of gas was to such an extent as to cause
bursting of the stomach. The gas concerned was presumably oxygen. It is obvious
that owing to the algal bloom there will be intense photosynthetic activity when the
jars are exposed to the sun’s rays. The resulting excess of dissolved oxygen will
supersaturate the water and owing to difference in the oxygen tensions of water
and the blood, the gas will diffuse into the blood stream of the fry. As mentioned
by Marsh and Gorham (loc. ¢it.), under conditions of supersaturation of oxygen it
is possible that direct osmosis of the gas between water and the tissues of the young
fry might also take place. The symptoms of the trouble became manifest only
as the day advanced, and when photosynthetic activity became intense, the fry
were in acute distress. ’

In a similar case of fish mortality Woodbury (1941) has pointed out that slight
changes in the eonditions of existence like sudden rise in temperature of the body,
might be sufficient to release part of the oxygen from the blood and tissues. In
the present case, the fact that distress is acute when the oxygen tension in the
water is constantly on the increase, probably shows that the release of oxygen from
the blood and tissues is not due to lower oxygen tension in the surrounding medium.
It is likely that during active photosynthesis the rapid increase in the dissolved
oxygen content of water results in maintaining a continued disparity in the oxygen
tension of that medium and the blood in the body of the frv. The saturation of
oxygen in water is perhaps greater than the maximum oxygen-carrying capacity
of blood, but owing to the inequality in tensions, the gas will continue to diffuse into
the latter. The fry has to remove this excess gas from the blood and tissues but
as the water is already highly supersaturated with oxygen, the gas cannot escape
into that medium. This excess of oxygen, therefore, probably bubbles out into
convenient body spaces like stomach, subcutaneous spaces, ete. According to
Marsh and Gorham (loc. ¢it.) it is even ‘probable that the metabolic functional
disturbance due to the abnormal osmosis is itself sufficient to cause death without
apparent gas symptoms’.

It is interesting to note in this connection that fry in advanced stages of distress,
when transferred to fresh pond water, devoid of any algal bloom, slowly revived
and became normal within about 6 hours. The bubble gradually disappeared from
the stomach and the fry, regaining equilibrium, began to move about normally.
The small gobies also recovered when similarly treated. ~

GENERAL REMARKS.

Out of the mixed collection of carp fry in the experimental jars, L. calbasu was
most severely affected by the gas disease, C. catla and L. rokita were not so numerous
as the other species, and they were not observed to be easily affected. While it
is known that susceptibility varies with the species as well as their stage and size,
it is not at present possible to state clearly why fry of L. calbasu were the
worst affected. The possibility of a greater extent of direct osmosis than in other
species and also possible differences in the relative volume of blood and its oxygen-
carrying capacity, might be among the factors that contributed to the acute distress.
in L. calbasu.

The mortality resulting from the gas trouble described above has a direct bearing
on the survival of carp fry stocked in nursery ponds. It is the general practice to
manure the nurseries heavily before introduction of fry; and this, not uncommonly,
results in the production of algal blooms in water. The supersaturation of dissolved
oxygen in water owing to heavy algal blooms in nurseries has been found to be
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sometimes higher than that observed in the experimental jars. In one of the
nurseries at the Killa, Cuttack, at a water temperature of 33-1°C., the pH was over
11:0 and the dissolved oxygen content was 24-3 p.p.m. This represents a saturation
of dissolved oxygen to about 323 per cent. It is quite probable that the delicate
carp fry when introduced into the pond under such conditions, will be adversely
affected. But, even when the gas trouble is acute and a number of fry are affected
it will be relatively difficult to detect them in the natural pond as they will be float-
ing inconspicuously near the margin, amidst weeds. Even in the experimental
jars the affected fry were very inconspicuous, although they were floating at the
surface, In the light of the above observation, it will be necessary to maintain
careful watch over the conditions of water in the pond, and if gas trouble is detected
the affected fry could be rescued by transferring them to fresh water. However,
judicious methods of manuring the pond so as to ensure a moderate density of plank-
ton over a protracted period might be an effective preventive against such occurrences.

In the experimental jars the appearance of algal blooms can be prevented if
the water is renewed at weekly intervals. In experiments where the water is not
to be changed after introduction of fry, the jars have to be kept in shade where they
will not ordinarily be exposed to direct rays of the sun. When algal bloom is
existing in water, mechanical agitation will help to remove some of the excess gas
and bring down the supersaturation.
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