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The investigations reported here are con-
tinuations of research on an aspect of the
effects of grouping on the oxygen consump-
tion of fishes (Umezawa and Watanabe, 1979;
Umezawa et al., unpublished™). Shlaifer (1938)
found that an isolated goldfish consumed
more oxygen than did each fish in groups of
two to four. Uematsu (1971) on the guppy
and Itazawa et al. (1978) on the rainbow
trout and the medaka also demonstrated an
increased oxygen consumption when the fish
were isolated rather than in a group. There
remained, however, the conflicting reports of
Bowen (1932) on the catfish, Schuett (1934)
on the goldfish, and Umezawa and Watanabe
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(1979) on the medaka, where there was no
significant difference in oxygen consumption
of test fishes. In addition, Umezawa et al.
(unpublished)® found that an isolated goby
consumed less oxygen than did fish with
visual contact with other fish of the same
species.

It was the purpose of the experiments
reported here to analyze what factors in aggre-
gation are involved in the now established
«‘group effect’” in oxygen consumption of the

goby.
Materials and methods

For this study five genera (six species) of
fishes were used. One of them was a goby,
Tridentiger obscurus, employed as the test
fish. These fish had been collected from a
river and transferred into aquaria (30x60x
36 cm deep) in the laboratory supplied with
well-aerated tap water, and ranged in size
from 4 to 8cm TL. About six individuals
were kept together in each aquarium which
was paved with stones of various sizes. They
were fed on a fish food, Tetra-Min. Water
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Fig. 1. Changes in oxygen consumption of various sizes of test fish (Tridentiger) in the respiro-
meter, where each fish is placed in visual contact with two fish of Rhinogobius or of Sicyopterus.

Temp.: 25°C.
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Fig. 2. Changes in oxygen consumption of various sizes of test fish (Tridentiger)
in the respirometer, where each fish is placed in visual contact with two fish

of Carassius or of Zacco. Temp.: 25°C.

temperature was about 25°C. Other fishes
were used as ‘‘surrounding fish”’. They were
almost equal in length to the test fish and
were kept in different aquaria under similar
conditions in the laboratory. Three species
were gobies, Rhinogobius giurinus, R. brunneus
and Sicyopterus japonicus, which occur nearly
syntopically with T. obscurus. Two other
species included the crucian carp, Carassius
gibelio langsdorfi, and the chub, Zacco tem-
mincki.

Determinations of oxygen consumption were
made on an isolated goby kept in the respiro-
meter tube, when it was alternately placed
in contact through vision alone with no
surrounding fish and then with the fish, by
means of a side septa, which was placed over
the entire length of the tube and worked up
and down with a miniature motor.

At least 12 test fish were used in each ex-
periment, where two surrounding fish, being
placed solitarily on each lateral side of the

* Umezawa, S.-I., H. Ueda, and H. Shiba-
yama. (Unpublished). Group effect on the oxygen
consumption and some observations on the habit
of the goby, Tridentiger obscurus.

respirometer containing the test fish, were
employed. The same surrounding fish were
used two or three times in an experiment.

Results

Reactions of test fish to gobiid species.
Measurements were made of the oxygen con-
sumption of an isolated goby in relation to
changes in visual conditions. The results
obtained (Fig. 1) indicate that the oxygen con-
sumption of the test fish increased markedly
when it was placed in contact through vision
alone with Rhinogobius giurinus or R. brun-
neus, but the oxygen consumption decreased
slightly when placed in visual contact with
Sicyopterus japonicus. From these figures it
is clear that the oxygen consumption of the
goby was influenced by heterotypic combina-
tions of closely related species such as
Rhinogobius, but not by combinations of less
related species such as Sicyopterus.

Reactions of test fish to cyprinid species.
Similar experiments were carried out in which
an isolated goby was placed in contact through
vision alone with Carassius gibelio langsdorfi
and Zacco temmincki. Oxygen consumption
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either decreased or did not change when the
test fish was in visual contact with these
species (Fig. 2). It is therefore clear that the
oxygen consumption of the test fish was not
affected by the presence of fishes of different
families.

Discussion

According to Umezawa et al. (unpublished)*
the oxygen consumption of an isolated goby
kept in a respirometer tube increases when
the fish is placed in contact through vision
alone with fish of the same species, and this is
opposite to the situation found in most fishes
previously investigated. Umezawa et al. (un-
published)* have surmised that such a group
effect is established depending on the habits
of the gobies which exhibit a tendency to
solitary living and aggressive behavior.

In the present experiments the goby was
kept solitarily in the respirometer and placed
in visual contact with fishes that in natural
conditions live in nearly identical habitats as
the test fish. Both closely related gobies and
fishes from other families were used.

The results obtained here indicate that
oxygen consumption of the fish was affected
or not affected by changes in visual conditions.
The fish in the respirometer consumed more
oxygen in some cases but less oxygen in the
other case when placed in visual contact with
fishes living in nearly identical habitats as the
test fish. These differences are probably related
to differences in the habit of each species in
relation to taking food. When the fish was
placed in contact through vision alone with
fishes of different families, its oxygen con-
sumption decreased or did not change.

These results described here give evidence
that the effects of grouping on the oxygen
consumption of the goby exist among fishes
of the same species and also of closely related
species.

Thus, it is surmised that group effects,
showing an increase in oxygen consumption
in the goby, is caused naturally by its habit
of solitary living and aggressive behavior.
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