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We conducted exposure tests using three small fish species, medaka (Oryzias latipes), guppy
(Poecilia reticulata), and white cloud mountain minnow (Tanichthys albonubes). The fish were exposed
to nominal concentrations of test chemicals (potassium cyanide [KCN; 1 and 5mg/L], sodium cyanide
[NaCN; 1 and 5mg/L], and aldicarb [5 mg/L]) for one hour. We used two cameras for tracking the fish behavior
in three dimensional (3D) data. Then the 3D data were analyzed for fish behavior such as, swimming speed
and surfacing behavior. Swimming speed and position of the three fish species were affected by KCN,
NaCN, and aldicarb exposure test. Three fish species showed the different behavioral patterns after the
exposure of test chemicals. Although the patterns of effect on behavioral parameters differed among the test
species and toxic chemicals, we could find the significant effects on both the frequency of high swimming
speed and duration time of surfacing behavior in test fish. We concluded that three fish species are useful
species for monitoring the water quality by their behavioral changes.

INTRODUCTION

There are an increasing number of chemicals used in
a wide range of fields, and a concern about the threat of
spill accidents caused by toxic chemicals on water sys-
tem are spread. In fact, spill accidents involving toxic
chemicals into aquatic environment were reported around
the world. In particular, some reports showed water
accidents involving high concentrations of toxic chemi-
cals such as cyanide compounds, phenol, and several
pesticides (Capel et al., 1988; Soldan et al., 2001; Yoshida,
2003). These water accidents suggest that monitoring
system is required to evaluate water quality at an early
stage of toxicant spill on site.

Although chemical analytical instruments are mainly
being used in water supplies for monitoring water qual-
ity, it is unable to efficiently detect such toxicants in real
time. Previous study (Allan et al., 2006) suggested a
need of monitoring using aquatic organisms to evaluate
water quality in aquatic environment. Until now, several
online biomonitoring using aquatic organisms, such like
algae, daphnia, bivalve and fish have been already devel-
oped and used around the world (Benecke et al., 1982,
Sloof et al., 1983; Sluyts et al., 1996; Borcherding and
Jantz, 1997; Twist et al., 1997; Naessens and Tran—Minh,
1998; Lechelt et al., 2000; van der Schalie et al., 2001;
Borcherding, 2006; Gerhardt et al., 2006).

It is well known that fish are ideal test organism for
investigation of behavioral toxicity of chemicals in water
(Little and Finger, 1990). Fish exposed to toxic chemi-
cals shows various behavioral alternations, and behavio-
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ral change of fish is effective endpoint for evaluation of
changes of water quality by toxicants in a short time of
period.

In previous study, we reported the swimming behav-
ioral changes of medaka exposed to toxic chemicals dur-
ing the short time period of exposure (Kang et al., 2008).
In particular, it was demonstrated that the abnormal
changes in swimming speed and swimming position were
observed in medaka exposed to potassium cyanide, phe-
nol and pesticides during 1 hr exposure test.

In the present study, we chose three small fish spe-
cies, medaka (Oryzias latipes), guppy (Poecilia reticu-
lata) and white cloud mountain minnow (Tanichthys
albonubes) as test organisms. It is easy to maintain and
reproduce these fish, and the size of adult fish is small
(average length is ca. 3 cm). Additionally, there is a lot
of toxicological data available from previous many
researches (Anderson and Weber, 1975; OECD, 1999;
El-Alfy et al., 2001; Ohta et al., 2003; Sarikaya et al.,
2007). We compared their behavioral changes during the
1 hr exposure tests, and potassium cyanide, sodium cya-
nide and aldicarb were selected as the test chemicals.
Three test chemicals are well known to induce neurotox-
icity effects on aquatic organisms (Anderson and Weber,
1975; David et al., 2008; Gallo et al., 1995).

MATERIALS AND METHODS

Test chemicals and test fish

The test substances, potassium cyanide (KCN; >98%
purity) were purchased from Katayama Chemical
Industries Co., Ltd. Sodium cyanide (NaCN; >97% purity)
and aldicarb (>98% purity) were purchased from Wako
Pure Chemical Industries (Osaka, Japan). And, NaCN,
KCN, and aldicarb stock solution (100 mg/L) were pre-
pared by dissolving with dechlorinated tap water. Adult
medaka (6 months posthatch; mean = SD of body weight
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and total length, 0.6+0.1g, 39.5+2.9 mm, respectively)
were collected, from broodstock in our laboratory.
Guppy (6 months posthatch; mean + SD of body weight
and total length, 0.7+£0.3 g, 39.9+3.9 mm, respectively)
and white cloud mountain minnow (6 months posthatch;
mean *+ SD of body weight and total length, 0.4+0.6 g,
33.8+1.6 mm, respectively) were purchased from a pet
shop (Nanpuen, Inc., Fukuoka, Japan).

The exposure test and statistical analysis

All fish were kept under a photoperiod (14:10-h
light:dark) and fed with Artemia nauplii (<24 h after
hatching) twice a day. The water temperature was kept
at 22+1°C, and the dissolved oxygen concentration
(mean = SD) was 7.0x0.5. From these fish stocks, 32
medaka and 32 white cloud mountain minnow were
selected randomly and used for the exposure test. And,
we used 32 only female fish from guppy stock in the expo-
sure test, because the body color and shape of male guppy
was not suitable for image recognition, in this study.

The exposure test of this study was conducted as
described in previous study (Kang et al., 2008). We
exposed the fish to KCN (1 and 5 mg/L; 4 fish/treatment),
NaCN (1 and 5mg/L; 4 fish/treatment), and aldicarb
(5mg/L; 4 fish/treatment) for 1 hour. All exposure test
were conducted with a continuous flow through system
(flow rate; 400 mm/sec). The selected fish were placed
into test chamber (10X10X15cm), containing 1.8 L of
the test solution. The test solution was delivered to test
chamber by a roller pump, Eyela RP-1000 (Tokyo
Rikakikai Co., Ltd., Tokyo, Japan). The flow rates of
dechlorinated tap water and test solutions were checked
by using a graduated cylinder. The renewal time of test
solution in test chamber was 20 times once a hour. The
behavior of test fish was observed and analyzed by Bio
Fish Meter Lab equipment (Seiko Electric Co., Ltd.,
Fukuoka, Japan). Figure 1 demonstrates the schematic
diagram of the exposure test.

The test fish was placed in test chamber and then
only dechlorinated water was run through the test cham-
ber for 30 min for acclimatization. After acclimatization,
dechlorinated tap water was run through the test cham-
ber for another 30 min while we recorded the unexposed
behavior of the test fish. Then, the test solution was
released into the test chamber for 60 min. The swim-
ming behavior of the test fish was recorded and observed
for a total of 90 min, including unexposed period (30 min).
The movement of the fish was recorded with the three
dimensional data, #, ¥ and 2 coordinates. From these
data, we evaluated the behavior of the fish with swimming
speed and position to identify the behavioral changes by
the exposure of toxicants in water. All fish were anes-
thetized in FA-100 solution (dilution, 2000—fold; Tanabe
Seiyaku Co. Ltd., Osaka, Japan), drained on filter paper,
and measured for body weight and length, after the
exposure test.

Our previous study demonstrated that the frequen-
cies of high swimming speed (150 < swimming speed <
300 mm/s) and duration time of surfacing behavior (the
time spent at no more than 20 mm below the surface) of

Computer
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Fig. 1. The diagram of the exposure test.

medaka exposed to several toxicants were remarkably
induced, compared to the control (Kang et al., 2008).
Therefore, in this study, we evaluated the frequency of
high swimming speed in 150 through 300 mm/s and the
duration time of surfacing behavior. And then the differ-
ences of frequencies in high swimming speed and dura-
tion time of surfacing behavior were statistically com-
pared between unexposed condition and the exposed
conditions.

All data were checked for assumptions of homoge-
neity of variance across treatments by using Levene’s
test. Data were analyzed by one-way analysis of variance
(ANOVA) and then were tested by using Dunett’s test.
When no homogeneity was observed, nonparametric sta-
tistical comparisons were used to detect differences
among treatments (Kruskal-Wallis test). The differences
between unexposed and exposed conditions were iden-
tified by using individual Mann—-Whitney U-tests. A p
value of < 0.05 was considered significant. All statistical
analyses were performed by using SPSS Base 10.0J (SPSS
Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION

Two test chemicals, KCN and NaCN affected the
swimming speed of test fish, and we found the abnormal
increased frequencies of high swimming speed of medaka,
guppy and white cloud mountain minnow, in this study.
In the guppy exposed to KCN 1 mg/L, an increase in the
frequency of high swimming speed was occurred at
between 30 and 60 min of the exposure, compared with
unexposed conditions (Fig. 2A). However, there was no
significant changes in frequencies of high swimming
speed in medaka and white cloud mountain minnow
exposed to KCN 1 mg/L for 1 hour.

Furthermore, the frequency of high swimming speed
of three test species were increased during the exposure
of KCN 5 mg/L (Fig. 2B). There were statistically signifi-
cant increase in the frequency of high swimming speed in
the guppy between 0 and 30 min of exposure. Exposure
to KCN 5 mg/L significantly increased the frequencies in
high swimming speed of medaka during 30 to 60 min of
exposure. On the other hand, guppy and white cloud
mountain minnow showed decrease of frequency in high
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Fig. 2. Frequencies of high swimming speed (150 < swimming
speed < 300 mm/s) of 3 test species, medaka (€), guppy
(M), and white cloud mountain minnow (A) in the test
chemicals treatment group during the behavior test. Total
period of experimental duration is 1.5h (30 min unex-
posed [control] condition and 60 min exposed condition).
(A): KCN 1mg/L, (B): KCN 5mg/L, (C): NaCN 1 mg/L,
(D): NaCN 5mg/L, and (E): aldicarb 5mg/L. Data are
shown as mean = SE (n=4). Statistical significance com-
pared with unexposed condition (*: p < 0.05). ND indi-
cates no data during 30 to 60 min of exposure in the white
cloud mountain minnow.

swimming speed during 30 to 60 min of exposure of KCN
5mg/L.

Similarly, there was a trend toward increased fre-
quencies of high swimming speed in test fish, throughout
the NaCN exposure. The NaCN at 1 mg/L induced an
increased frequencies of high swimming speed of medaka
and guppy, during 30 to 60 min of exposure (Fig. 2C).
In particular, guppy exposed to NaCN 1mg/L showed
over 5 times more increased frequency of high swimming
speed, compared with the unexposed conditions. In con-
trast, no significant differences in frequencies of high
swimming speed in white cloud mountain minnow were
found between unexposed and exposed conditions.

Exposure to NaCN 5 mg/L significantly increased the
frequencies of high swimming speed in guppy and white
cloud mountain minnow for 0-30 min after the exposure
(Fig. 2D). Because all white cloud mountain minnows
exposed to 5mg/LL NaCN were dead within 60 min of
exposure, the value of swimming performance at between

30 and 60 min of exposure was not able to calculate. In
addition, there was no statistical changes in frequency of
high swimming speed in medaka.

In the aldicarb exposure (5 mg/L) test, no changes of
frequency in high swimming speed were found in all test
species, between unexposed and exposed conditions
(Fig. 2E).

Previous study (Iwamatsu, 2006) have reported that
the maximum swimming speed of medaka is approxi-
mately 300 mm/s under normal conditions. And thus we
evaluated the frequencies of each swimming speed
(0-300 mm/s) of medaka exposed to toxic chemicals and
found the abnormal increase of their frequency of high
swimming speed in fish, in previous study (Kang et al.,
2008). In addition, our previous results demonstrated
that swimming speeds of 150-300 mm/s do not often
occur in medaka under unexposed condition and con-
cluded that high swimming speed is an efficient endpoint
for the detection of abnormal swimming performance in
response to toxins. Several studies also reported that
swimming activity of fish was altered by a change of
water quality (Smith and Bailey, 1988; Little and Finger,
1990; Cazenave et al., 2008)

The duration time of surfacing behavior were
increased in three species exposed to test chemicals.
During the KCN 1mg/L exposure, swimming area of
medaka and guppy were mainly concentrated below the
surface water, and their duration time of surfacing behav-
ior were significantly increased between unexposed and
exposed conditions (Fig. 3A). The duration of surfacing
behavior of medaka was significantly increased for
30-60 min after the KCN 1 mg/L exposure, and that of
guppy was significantly increased for 0-60 min after the
KCN 1 mg/L exposure. In contrast, there was no signifi-
cant differences in duration time of surfacing behavior in
white cloud mountain minnow, between the unexposed
and exposed conditions.

Three test species exposed to KCN 5 mg/L showed a
trend toward increase of the duration of surfacing behav-
ior for 0-30 min after the exposure (Fig. 3B), and there
was statistical significance in medaka between unex-
posed and exposed conditions. Throughout the KCN
5mg/L exposure, guppy and white cloud mountain min-
now also showed the induction of duration time of surfac-
ing behavior, but no significant differences were found
between unexposed and exposed conditions.

With NaCN 1mg/L exposure, a significant increase
in the duration time of surfacing behavior was observed
in all test species, during the exposed conditions (Fig.
30).

The duration time of surfacing behavior in white
cloud mountain minnow was significantly increased after
0 to 30min exposure to NaCN at 5mg/L (Fig. 3D).
However, there was no data during the 30-60 min after
the exposure, because of the death of all white cloud
mountain minnow. Medaka exposed to NaCN 5mg/L
showed a trend toward increased duration of surfacing
behavior, however there was no statistically significant
differences between the control and exposed conditions.
Moreover, after the exposure to NaCN 5 mg/L, the dura-
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Fig. 3. The duration time of surfacing behavior of 3 test species,
medaka (4), guppy (H), and white cloud mountain min-
now (A) exposed to the test chemicals in 0-20 mm Y axis
of test chamber during the behavior test. Total period of
experimental duration is 1.5 h (30 min unexposed [control]
condition and 60 min exposed condition). (A): KCN
1mg/L, (B): KON 5mg/L, (C): NaCN 1 mg/L, (D): NaCN
5mg/L, and (E): aldicarb 5 mg/L. Data are shown as mean
+ SE (n=4). Statistical significance compared with unex-
posed condition (*: p < 0.05). ND indicates no data dur-
ing 30 to 60 min of exposure in the white cloud mountain
minnow.

tion time of surfacing behavior in guppy was decreased.

Guppy treated with aldicarb 5mg/LL showed an
increased duration time of surfacing behavior, and we
found statistically significant changes in the duration time
of surfacing behavior in guppy at between 30 and 60 min
of the exposure, compared with unexposed conditions
(Fig. 3E). On the other hand, no statistical significance
was observed in the medaka and white cloud mountain
minnow exposed to aldicarb 5mg/L. For 0-30 min after
the exposure, the duration time of surfacing behavior in
medaka was increased, but there was no statistically sig-
nificant differences between the unexposed and exposed
conditions.

Surfacing behavior is well known to be induced by
an exposure to toxicants at high levels (Little and Finger,
1990). However, little studies have demonstrated the
abnormality of swimming position in fish exposed to high
levels of toxicants. Kang et al. (2008) also reported the
concentration of swimming area under the water surface

and increased duration time of surfacing behavior in
medaka exposed to KCN, phenol and pesticides at high
concentrations. Therefore, in the present study, we
evaluated the duration time of surfacing behavior (i.e.
the time spent at no more than 20 mm below the sur-
face) and found the abnormal increase of surfacing
behavior in fish exposed to test chemicals. From these
results, we concluded that increase of duration time of
surfacing behavior treated with toxic chemicals is also
an efficient endpoint for the detection of abnormal swim-
ming activity in response to toxicants.

Exposure to test chemicals at high levels induced
significant changes in the swimming behavior of medaka,
guppy and white cloud mountain minnow during the 1-h
exposure period, and two kinds of behavioral parameters
(frequency of high swimming speed and duration time of
surfacing behavior) were affected to varying degrees by
KCN, NaCN, and aldicarb (Table 1). Frequency of high
swimming speed of guppy were changed by an exposure
to KCN (1 and 5mg/L) and NaCN (1 and 5 mg/L.) during
the exposure. And significant changes of high swimming
speed were observed in medaka exposed to KCN 5mg/L
and NaCN 1 mg/L. Moreover, white cloud mountain min-
now showed the increased frequency of high swimming
speed in the NaCN 5 mg/L test. With duration time of
surfacing behavior, abnormal increase of it was observed
in medaka treated with KCN and NaCN, and increase in
surfacing behavior in white cloud mountain minnow was
observed with only NaCN exposure. On the other hand,
we could observe the increase in duration time of sur-
facing behavior in guppy by an exposure to all test chem-
icals. From the present results, we concluded that swim-
ming behavioral changes in guppy by an exposure to
toxicants is more sensitive than medaka and white cloud
mountain minnow, and the sensitivity for test chemicals
was guppy > medaka > white cloud mountain minnow
on swimming performance. However, we conducted
behavioral tests using only three chemicals in this study,
and further study will be necessary to evaluate the sen-
sitivity for other kinds of toxic chemicals in small fresh-
water fish species on behavioral parameters.

The present study demonstrated that high concen-
trations of toxic chemicals induced abnormal changes of
swimming performance in fish in a short time period of
the exposure. Although the patterns of effect on behavio-
ral parameters differed among the test species and toxic
chemicals, we could find the significant effects on both
the frequency of high swimming speed and the duration
time of surfacing behavior in three test fish.
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