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There is no doubt that chemical emissions may be
involved in a wide variety of social interactions in
fish (Umezu, 1966; Solomon, 1977; Liley, 1982;
Pfeiffer, 1982). Sexual pheromones are especially
interesting. Those emitted by ovulating females at-
tract males and stimulate their spawning activity
(Tavolga, 1956; Newcombe and Hartman, 1973;
Okada et al., 1978; Honda, 1979, 1980, 1982 a, b;
Teeter, 1980). Those emitted by mature males in
some species also induce the dramatic onset of
spawning activity (Okada et al., 1978; Stacey and
Hourston, 1982). Not surprisingly those phero-
mones may play an important role in the discrimi-
nation of conspecifics from other species to avoid
hybridization (Bloom and Perlmutter, 1978; Honda,
1982a, b).

Such chemical information is received by olfactory
receptors in many cases (Pfeiffer, 1982). The ol-
factory responses can be measured electrophysiolo-
gically by recording stimulant-induced waves from
the olfactory bulb (Hara, 1973). However, it is not
always easy to know the degree of olfactory dis-
crimination by electrophysiological methods. The
quantitative method of cross adaptation may be an
exceptional method which enables us to measure the
degree of discrimination electrophysiologically.

The Far Eastern cyprinid genus Tribolodon in-
cludes four species. Three of them, T. hakonensis
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(Giinther), T. ezoe Okada et Ikeda and T. brandti
(Dybowsky), often coexist with one another and
spawn en masse in the same spawning grounds in
Hokkaido (Ito, 1975). Although T. brandti partially
hybridizes with the two other species, most individ-
uals of the three species spawn with conspecifics
without hybridizing (Sakai and Hamada, 1985;
Sakai, 1987). Mutual recognition of conspecifics
may be achieved not only visually but also through
olfaction. To ascertain the possibility of olfactory
recognition of species, cross adaptation experiments
were carried out to measure the degree of olfactory
discrimination in Tribolodon.

Materials and methods

Material. Olfactory responses were recorded
from two male specimens of T. ezoe (164.0 and
172.0mm SL) caught in the Mukawa River, Hok-
kaido, one week before the experiments were und-
ertaken.

Preparation of stimulating solution. Eggs and
male urine were collected from mature spawning
runners (listed in Table 1) caught at the same time
and locality as the male specimens. Eggs were gently
squeezed out of each ovulating female, and care was
taken to avoid contamination. The eggs were then
washed with a 0.1mM CaCl, solution (perfusing
solution, see below) of the same weight as the eggs.
This egg wash was used as the stock solution for
providing the stimulus. Male spawning runners were
also squeezed discharging copious amounts of urine
before releasing sperm. Each urine sample was
stocked individually as an undiluted stimulating
solution.

Records of olfactory responses. The two male
specimens were weakly anesthetized with urethan
and immobilized with an intramuscular injection of
D-tubocurarine (about 3 mg/kg body weight). The

Table 1. Standard length (SL) of Tribolodon specimens from which the stock stimulating solutions were collected,

and the dilution of each stimulating solution.

Egg wash Male urine
Dilution of stimulating Dilution of stimulating
SL (em) solution (x 107%) SL (cm) solution (x 10™4)
T. hakonensis 22.1 1.8 259 5.0
T. brandti 35.0 1.2 30.6 1.0
T. ezoe 1 23.2 0.8 18.8 1.0
T. ezoe 2 17.1 1.6 17.4 1.0
T. ezoe 3 15.9 2.0
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gills were irrigated with aerated water during the
experiment. The stimulant-induced waves (bulber
responses) were recorded by sticking a pair of tung-
sten bipolar electrodes into the olfactory bulb of the
fish (Fig. 1). The olfactory tract was cut to eliminate
centrifugal influences on the bulb. The responses
were amplified through a conventional AC amplifier,
passed through an integrator (time constant 0.3s),
and displayed on a pen recorder. The olfactory
epithelium was irrigated with a perfusing solution
(0.1mM CaCl, of pH 6.5) at the flow rate of 20
ml//min. The general operation method followed
Hara (1973).

Cross adaptation experiments. In the cross ad-
aptation experiment, one stimulus was first applied to
the olfactory epithelium. The bulber response to the
stimulus used in the present study was so tonic that it
could not easily be lowered to spontaneous levels.
The first stimulus was repeatedly given until the
response declined to the horizontal level, and then
another stimulus was applied secondarily (Fig. 2).
The reverse cross adaptation experiment of the two
stimuli was then carried out. The peak height of the
integrated response was the magnitude of the re-
sponse. The magnitude of the response to the second
stimulus expressed in 9 of that of the first stimulus
was used as the degree of discrimination (100 B/A in

Fig. 2). When the concentrations of the two stim-
ulating solutions were not well balanced, the peak
height of the response for the first stimulus was not
equalized between the original and the reverse cross
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Fig. 1. The operation method for recording the
olfactory responses. As for practical procedure,
see text.
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Fig. 2. Typical records of the cross adaptation experiments between egg wash stimuli of two species, Tribolodon
hakonensis and T. ezoe. Left, original, and right, reverse experiments. Bars at the bottom of the records
represent the duration of the applications of the stimuli. A, the magnitude of the response to the Ist stimulus;
B, the magnitude of the response to the 2nd stimulus; hak, T. hakonensis; ezo, T. ezoe.
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adaptation experiments, and the response to the
second stimulus was not obviously recorded in the
original or in the reverse cross adaptation experi-
ment. Therefore, it was critical to regulate the
concentrations appropriately by diluting the stock
solutions with the perfusing solution and checking
the response to the second stimulus repeatedly
through trial experiments. The regulated concentra-
tions of the stimulating solutions are shown in
Table 1.

All the experiments were carried out at 20+=1°C.

Results and discussion

Using the egg wash stimuli, the cross adaptation
experiments of three interspecific and three intra-
specific combinations were carried out on each male
specimen, 7. ezoe No. 1 and No. 2. T. ezoe No. 1 was
also subjected to the experiments using the urine of
four interspecific and one intraspecific combinations.
T. ezoe No. 2 died of overanesthetization in the midst

Table 2. Degree of discrimination revealed by the
cross adaptation experiments in Tribolodon ezoe
(ezo No. 1 and No. 2). hak, T. hakonensis; bra, T.
brandti; ezo, T. ezoe.

Stimuli Degree of discrimination
Ist-2nd ezo No. 1 ezo No. 2
Egg wash
hak-bra 53.2 17.1
bra-hak 27.3 16.7
hak-ezol 30.9 233
ezol-hak 27.9 33.3
bra—ezol 21.0 24.3
ezol-bra 39.7 29.4
ezol-ezo2 22.2 14.9
ezo2-ezol 19.5 13.2
ezol—ezo3 26.2 18.8
ezo3-ezol 17.0 15.8
ezo2-ezo3 21.7 14.9
€zo3—ezo02 12.7 17.7
Male urine
hat-bra 429
bra-hak 35.0
hak—ezol 45.7
ezol-hak 31.0
hak—ezo2 46.8
ezo2-hak 69.4
bra—ezol 26.2
ezol-bra 40.8
ezol-ezo2 20.5
ezo2—-ezol 17.6

of the experiments before it could be stimulated by
the urine. Results are shown in Table 2 in units of
the degree of discrimination.

In both specimens, the degree of discrimination
observed among the interspecific combinations was
much higher than that observed among the intra-
specific combinations. The difference in the mean
degree of discrimination between inter- and intra-
specific combinations in 7. ezoe No. 1 was statistic-
ally significant in the egg wash stimulating experi-
ments (mean 33.3 vs. 19.9, p<0.05) as well as in the
urine stimulating experiments (42.2 vs. 19.1, p<
0.05). The difference was more significantly sup-
ported when the results of the experiments for both
stimuli were calculated together (38.4 vs. 19.7, p<
0.001). In T. ezoe No. 2, the difference of the mean
was also significant between inter- and intraspecific
combinations (24.0 vs. 15.9, p<0.02). The results
clearly indicate that the male fish were able to diff-
erentiate between the stimulating solutions of the
different species. It is highly probable that chemicals
dissolved in the egg wash (ovarian fluids) or in the
urine of mature fish are cues (pheromones) which
stimulate their reproductive behavior (pointedly
reviewed by Liley, 1982, and Pfeiffer, 1982). More-
over, the mature fish must make use of those cues to
discriminate between conspecifics and other species
to avoid hybridization (Bloom and Perlmutter, 1978;
Honda, 1982a,b).

Individual recognition has also been demonstrated
to be an aspect of fish olfaction (e.g. Richards, 1974;
Liley, 1982; Pfeiffer, 1982). The degree of intra-
specific discrimination indicated in the present study
may reflect such an ability in the subject fish.

At any rate, the cross adaptation method employ-
ed in the present study is considered effective in
evaluating the relative degree of species discrimina-
tion at the olfactory receptor level. To determine the
behavior after discrimination, another experiment
such as a Y-maze test may be desirable.
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