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The preference intensities of Japanese Medaka Fish (Japanese killifish, Oryzias latipes) to
the three environmental factors of water depth, current velocity and cover were discussed in this
paper. Mathematical models for preference intensities of Japanese Medaka to the three envi-
ronmental factors were constructed in laboratory open-channel experiments. A simple genetic
algorithm was newly introduced to search for the optimal functional representation of pref-
erence intensity. The models were then verified by laboratory water-tank experiments and
on-the-spot examinations. The results indicated that the maximum preference level of
Japanese Medaka was determined at a water depth of 9.4cm and at a current velocity of
2.8 ci/s, and that the All-cover condition had a markedly high level compared with other cover
conditions. The relative weights of the three environmental factors were evaluated as 0.32 for
depth, 1.0 for velocity and 0.66 for cover, when the maximum weight was normalized to be
unity. The weight values suggested that the environmental preferences of Japanese Medaka
were not greatly affected by water depth. Judging from the good agreement between the pre-
dicted and observed distributions in considering the two factors of current velocity and cover,
the two factors obviously affected the environmental preferences of Japanese Medaka.

INTRODUCTION

Increases in the number of proposed river development projects in Japan have forced
hydraulic engineers to predict the level of impact to aquatic ecosystems that results from
such projects. When a river is developed for agricultural, municipal and industrial pur-
poses, the magnitude, timing, duration and quality of natural flows may be altered, there-
by affecting the availability and quality of fish habitat. The engineers need to determine
the necessary environment that must be maintained as fish habitat at some desired level.
In this process, it is necessary to evaluate the preference intensities of river fish to envi-
ronmental factors. On the other hand, fish behavior is one of the essential indicators not
only for evaluating the environment following the impact of development activities on
river ecosystems, but also for evaluating the functional aspects of river improvement. The
quality of the present environment can be indirectly estimated by the observations of
spatial distribution and/or the number of fish, together with the preference intensities of
the fish to environmental factors. For the above reasons, it is important to model the
preference intensities of river fish to environmental factors.

In this study, the models of preference intensities of river fish to environmental
factors were experimentally constructed and verified by laboratory experiments and
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on-the-spot examinations. In the verification, spatial distributions of the fish in labora-
tory water tanks and an actual stream were predicted using the measurements of
environmental factors together with the preference intensity models. Sekine et al. (1997)
proposed a model of fish distribution based on preference intensities to environmental
factors such as water temperature, cover, current velocity, turbidity and food quantities.
In modeling preference intensities, we adopted this model because of the following excel-
lent features: (a) parameter values of preference intensity curves and weight values of
environmental factors can be determined separately for each factor, and (b) the values of
preference intensity parameters and the weights do not need to be consequently changed
when a new factor influencing fish distribution is introduced. The experimental appa-
ratus similar to Sekine et al. (1997) was also used in this study.

While Sekine et al. (1997) dealt with the preference intensities of shiner (Tanakia
limbata), Japanese Medaka Fish (Japanese killifish, Oryzias latipes) was selected as
river fish for quantifying preference intensities in this study. Japanese Medaka was once
one of the most popular fish inhabiting small streams and paddy fields in the countryside
of Japan. However, they have been slowly disappearing in the countryside due to devel-
opment activities and they are now listed as rare and endangered species in the Japanese
Red Data Book, published by the Japanese Ministry of the Environment. In recent years,
Japanese Medaka has been regarded as the symbolic fish for the restoration of country-
side ecosystems in Japan.

First, experiments in a laboratory open channel were executed using Japanese Medaka
to quantify preference intensities to the three environmental factors of water depth, cur-
rent velocity and cover. These were selected as the principal factors affecting the avail-
ability and quality of the fish habitat in natural rivers. A simple genetic algorithm (SGA)
was newly introduced to search for the optimal functional representation of preference
intensity and to determine the parameter values of preference intensity curves. Second,
experiments in laboratory water tanks, in which various environments were spatially
realized, and on-the—spot examinations were then carried out to verify the preference
intensities of Japanese Medaka obtained from the laboratory open—channel experiments.

MATERIALS AND METHODS

Construction of preference intensity models
1) Experimental apparatus and procedures

Laboratory experiments were conducted to construct preference intensity models to
environmental factors using an open channel with side-by-side flumes shown in Fig. 1.
This apparatus allowed independent manipulation of the three environmental factors of
water depth, current velocity and cover in the right and left flumes. In an observation
area of 30em X284 cm (30ecmX14.2cm for each flume), the right and left flumes were
connected to each other through a narrow junction that was 6cm long. The fish were
confined to the observation area with the upstream and downstream stainless steel nets
that allowed water to pass through unrestricted. Different environmental conditions were
set independently in the right and left flumes during an experiment and the fish could
swim through the junction and select the preferred flume.

A digital video camera (Sony Inc., DCR-TRV900), which was installed above the
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Fig. 1. Schematic diagram of apparatus for constructing preference intensity models of
Japanese Medaka to environmental factors. Right and left flumes were con-
nected to each other through a narrow junction.

center of the observation area, taped the swimming fish from about 5 min after their intro-
duction into the observation area. Their distribution in the right or left flume was
counted from a video image recording every minute for a 60-minute period in one record-
ing session. The 60 distribution data in one experiment were averaged to obtain the
distribution value for the experiment.

The flumes were made of white acrylic boards in order to prevent the fish from
reacting to the operator’s activities and lit such that the illuminance was about 3501x.
Water temperature was kept at 20:2°C. With the aim of independent manipulation of
water depth and current velocity in the right and left flumes, the water depth was
changed by attaching white acrylic boxes at the bottom of each flume and the current
velocity was controlled by upstream weirs independently in both flumes as shown in Fig. 1.
Current velocity was measured with a one-dimensional electromagnetic current meter at
mid-water depth in the middle of each flume in the observation area without the pres-
ence of the fish.

For one set of conditions, the two groups of five fish and ten fish were examined to
determine whether the number of fish affected preference intensities. Experiment was
carried out three times and the results were averaged in order to eliminate the fluctuation
of fish behavior in each experiment.

2) Preparation of fish for experiments

All fish used in the laboratory open—channel experiments were farmed Japanese
Medaka Fish. About 150 Japanese Medaka were housed in 100/ aquarium at 2022 °C. The
body length of the housed fish ranged from approximately 2.6 cm to 3.1cm. Randomly
selected individuals among the housed fish were used in each experiment. With the aim
of preventing the influence of the diurnal rhythm of fish behavior, the experiments were
carried out in the morning (9:00-12:00) while flaked food was fed in the evening (18:00).
One individual was not used in more than one experiment per day to prevent exhaustion.
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3) Experimental conditions

Firstly, preference intensities for the three environmental factors of water depth, cur-
rent velocity and cover were separately examined in single-factor experiments.

The water—-depth experiments were conducted under no—flow and no—cover condi-
tions. Water depth in the left flume was kept at 7 cm and in the right it varied at 4.0, 6.0,
9.0,10.5,12.0 cm.

In the current-velocity experiments, current velocity in the left channel was set at
9cm/s and that in the right varied at 1.5, 3.0, 4.5, 13.5, 16.0, 18.0 cm/s. Water depth was
7 cm in both flumes with no cover.

The cover experiments were carried out under a water depth of 7cm and no-flow
condition. The right flume had No-cover condition, and three cover conditions were set in
the left flume of the observation area: RL-cover condition and TB-cover condition in
which black acrylic sheets were mounted on both sides and on the bottom and top of the
flume, respectively, and All-cover condition in which the sheets were mounted on both
sides, the bottom and top of the flume.

In composite factor experiments, two factors were selected among the three factors,
and the combined conditions of the two factors were set independently in the right and
left flumes to quantify the relative weights between these factors. Table 1 shows the
environmental conditions in the right and left flumes in the composite factor experiments.
The environmental value that was proved to have the weakest relative intensity in the
water—depth experiments or the current-velocity experiments was combined with the
All-cover condition that had the strongest intensity in the cover experiments.

Table 1. Environmental conditions and the observations of fish distri-
bution ratio in the right and left flumes in the composite fac-
tor experiments.

Environmental condition Distribution ratio
Number
of fish Left Right

Left flume Right flume flume flurne

5 0.63 0.37

Water depth=7cm, Water depth=9 cm, 5 0.87 0.13
current current 5 0.74 0.26
velocity=0 cro/s, velocity=0 cr/s, 10 0.71 0.29
All--cover No-cover 10 0.83 0.17

10 0.62 0.38

Average distribution ratio 0.73 0.27

5 0.43 0.57

Water depth=7cm, Water depth=7cm, 5 0.55 0.45
current current 5 0.59 0.41
velocity=9 cm/s, velocity=13.5 c/s, 10 0.48 0.52
No-cover All-cover 10 0.63 0.37

10 0.47 0.53

Average distribution ratio 0.53 0.47
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4) Model for a single environmental factor

Figure 2 shows the patterns that were under consideration for the functional repre-
sentation of preference intensity of a single environmental factor. In this figure, the
vertical axis and the horizontal axis represent preference level P, and the condition of an
environmental factor j, respectively. The pattern Type-1 is a min-max distribution,
Type-2 is a non-normal peak distribution, Type-3 is a normal distribution and Type-4 is a
discrete distribution. In each pattern, the maximum value of P, can be determined arbi-
trarily when merely considering a single environmental factor, while the maximum value
of unity was adopted in this study because of its simplicity and the comparison with the
preference intensity of other factors. Assuming that a ratio E; of the fish distribution in
the right and left flumes, 7={right, left}, is determined by a ratio of preference level P, , for
each of the three environmental factors of water depth, current velocity and cover, j&€
{depth, velocity, cover}, in the right and left flumes, R; is expressed in terms of P, ; by the

equation
R= f.ngm/PJ.lm . 1)

Substituting the observed ratios obtained from the single-factor experiments into R;
in equation (1), the pattern of preference intensity and its parameter values can be deter-
mined. Due to the definition of R, in equation (1), the minimum value of P;; should be

greater than zero.
In this study, a simple genetic algorithm (SGA) was newly introduced to help search
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Fig. 2. Schematic illustration of functional representation of preference
intensity for a single environmental factor. Type-1 is a
min-max distribution, Type—2 is a non-normal peak distribu-
tion, Type-3 is a normal distribution and Type-—4 is a discrete
distribution.
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for the optimal pattern of preference intensity and the optimal parameter values. The
SGA'’s optimizations were executed to minimize the absolute errors between the observed
R;s of fish distribution in the single-factor experiments and the calculated R;s obtained
from the preference intensity pattern.

A genetic algorithm (GA) is an optimization technique modeled after the biological
processes of natural selection and evolution. The GA operates on a population of decision
variable sets. Through the application of three specialized genetic operators of selection,
crossover and mutation, the GA population evolves toward an optimal solution. A SGA is
a basic sort of GAs. For example, a SGA has been used by Hiramatsu et al. (1998; 1999)
to determine the optimal network structure of artificial neural network models for pre-
dicting the water-stages in a tidal river and by Hiramatsu et al. (2000) to search for the
optimal model parameters of fish schooling of Japanese Medaka.

5) Model for composite environmental factors

A formula to combine several P;s determined from the single—factor experiments and
the above-mentioned optimizations is required because environmental conditions are the
composite of several environmental factors in natural rivers. The combined preference
level P’ can be calculated by the forms

w,
pr=T15 (P) W @
_ { max W) V=f=¢
W= | Jev( te, @)
V={51(34,5)(P.#£P,.)}, (4)

where W, is the weight of preference intensity for an environmental factor j and ranges
from zero to unity, W... is the maximum weight among the weights of environmental fac-
tors that have different preference levels in different water bodies, ¢ represents a null set
and 3 is an existential quantifier.

When a river reach with J environmental factors is hypothetically divided into [ water

bodies, the fish distribution D, in the i—th water body can be calculated by the equation
w,

(PNW/ (B , ®)

on the assumption that fish distribution in each water body is directly proportional to the
combined preference level calculated by equations (2) through (4).

Using the same assumption, the weight W, is determined together with the results of
the composite factor experiments. For example, considering the two environmental fac-
tors of water depth and cover, j={depth, cover}, the ratio R’ of the fish distribution in the
two flumes, ¢={right, left}, is expressed in the form

)Wdemh/ Winax (

Weover / Wmax
P cover, rigm.)

P:ig).[ (Pdeplh, right

» - Waepth/ Winax Weover! Winax
P left (P depth, lnfl) (P cover, len)

R'= ©

When Pien, g @0A Pegeer, g are NOt equal 10 Poepn, ien ANA Peover, 1, TESPECtively, the set V in
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equation (4) consists of the two factors {depth, cover} and W,., corresponds to either
Waepm OF Weoer from equation (3). Substituting the observed ratio R’ obtained from the
composite factor experiments into the left side of equation (6) and the P; ;s calculated
from the preference intensity patterns already defined in the single—factor experiments
into the right side, Wyem and We.. are determined in one of the two trials of Wow=Waem
and Wo.=W.w. with the constraint that W, ranges from zero to unity.

Verification of preference intensity models by laboratory experiments
1) Experimental conditions and apparatus

Experiments in laboratory water tanks, in which various environments were spatially
realized, were carried out to verify the preference intensities of Japanese Medaka
obtained from laboratory open—channel experiments. Spatial distribution of the com-
bined preference level P in the water tanks was calculated by using equation (2) through
(4) together with the cover condition and the measurements of water depth and current
velocity in the water tanks. Fish distribution in each water body was then predicted by
the calculated Ps and equation (5) and lastly compared with the observed distribution of
Japanese Medaka.

The experimental conditions using the laboratory water tanks is summarized in Table
2, in which the three capital letters of D, V and C stand for water depth, current velocity
and cover, respectively. A total of seven runs were executed to evaluate the influence of
the single factor and the composite factor among the three environmental factors of water
depth, current velocity and cover. Run-D, Run-V and Run-C are the single-factor exper-
iments in which a merely single factor varies spatially in the water tanks while other factors
are set to be spatially constant. Run-DV, Run-DC and Run-VC are the two-factor experi-
ments and Run-DVC is the three—factor experiment.

The two different water tanks, Tank-1 in Fig. 3 and Tank-2 in Fig. 4, were alterna-
tively used to suit the experimental conditions. Both tanks were made of white acrylic

Table 2. Experimental conditions and the measurements of water depth in laboratory water-tank
experiments. Three capital letters of D, V and C stand for water depth, current velocity and
cover, respectively.

Run Environmental Experimental Water depth (cm) Current velocity Cover
factors apparatus (€0)] W) ©) -
Run-D Water depth Tank-1 =147, h,=9.5, hs=4.3 No flow No—cover
Run-V  Current velocity Tank-2 Constant (ke=17.0) Fig: 11 No—cover
_ All-cover on cover
Run-C Cover Tank-2 Constant (h,=15.0) No flow area in Fig, 4
Water depth .
Run-DV Current velocity Tank-1 7,=16.8, h,=11.6, hy=6.4 Fig. 10 No-cover
Water depth _ _ _ All-cover on cover
Run-DC Cover Tank-1 hi=15.1, h,=9.9, hs=4.7 No flow area in Fig, 3
- Current velocity _ - All-cover on cover
Run-VC Cover Tank-2 Constant (h,=17.0) Fig. 11 area in Fig. 4
Water depth All-cover on cover

Run-DVC Current velocity Tank-1 h,=16.8, h,=11.6, h,=6.4 Fig. 10 area in Fig. 3
Cover )
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Fig. 3. Schematic diagram of apparatus for Fig. 4. Schematic diagram of apparatus for
verifying preference intensity mod- verifying preference intensity mod-
els of Japanese Medaka to environ- els of Japanese Medaka to environ-
mental factors including water mental factors not including water
depth (Tank--1). Water ran into the depth (Tank-2). Water ran into the
water tank through an inflow area water tank through an inflow area
and flowed out through a weir along and flowed out through a weir along
an outflow area. The three different an outflow area. The tank had
water depthes of k), h; and h,; were merely one water depth h,.

set in the tank.

boards. Screens were put up around the tanks in order not to disturb fish movement as a
result of the operator’s activities. In the experiments concerning current velocity, water
ran into the water tank through the inflow area from a lower reservoir tank by pump,
circulated in the water tank counterclockwise in Figs. 3, 4 and flowed out through a weir
along the outflow area to the lower reservoir tank. In Tank-1, used in the experiments on
water depth, the three different water depths of &, k. and h; were set by attaching the
white acrylic boxes on the tank bottom, while Tank-2 had the merely one water depth A,
and was used in the experiments that did not concern the water depth. In the experi-
ments concerning cover, the All-cover condition was set on the cover area in the water
tanks by black acrylic sheets.

The fish used in the laboratory water-tank experiments were the same Japanese
Medaka as in the laboratory open-channel experiments. Furthermore, the experiments
were carried out at the same time slot as that in the laboratory open-channel experi-
ments. The water tanks were lit at an illuminance of about 3501x. The digital video cam-
era installed at 245 cm above the water surface in the center of the water tank was
utilized for the measurement of current velocity and the observation of fish distribution,

which are described later.



Mathematical Modeling of Environmental Preference of Japanese Medaka 117

2) Measurement of water depth and current velocity

Prior to the experiments using the swimming Japanese Medaka, the measurements of
water depth and current velocity were conducted without the presence of the fish.

Water depth was measured at several points in the water tank and the average values
were used in calculating the preference level P".

A method of Particle Image Velocimetry (PIV) was introduced to easily measure the
spa-tial distribution of current velocity in the water tanks. The running water mixed with
a srnall amount of aluminum powder was visualized by a light sheet of 15-watt Ar laser
and taped by the digital video camera. Black acrylic sheets were stuck to the bottom of
the water tanks to avoid the reflection of the laser light. Instantaneous images were taken
frorm the recorded video images and then entered into a personal computer at 1/5-second
intervals for a 120-second period in one recording session. The two—-dimensional velocity
vectors at 1/5-second intervals were calculated on a horizontal plane by PIV software
(Flow-vec32, Library Inc.) and then averaged to obtain the time-averaged velocity vec-
tors for the recording session. Executing the above-mentioned measurement at the
lower layer (h./6 or ho/6), the middle layer (h./2 or hy/2) and the upper layer (54,/6 or
5ho/6), we obtained the depth-averaged velocities that were used in calculating the pref-
ererce level P".

3) Observation of fish distribution in water tanks

In each experiment, we used 120randomly selected individuals among the housed
fish.. The digital video camera taped the swimming fish from about 5minutes after their
introduction into the water tank. The water area in Tank-1 and Tank-2 was hypotheti-
cally divided into the small water bodies shown in Fig. 5 and the fish distribution in each
water body was calculated from a video image recording every 10minutes for a
100—minute period in one recording session. The 10 distribution data in one experiment
wereaveraged to obtain the distribution values for the experiment.
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Fig. 5. Definition of water bodies and a cover area in (a) Tank-1 and (b)
Tank-2. Distribution of Japanese Medaka was counted in each water
body.
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Verification of preference intensity models by on-the-spot examinations

On-the-spot examinations in a small irrigation canal located in Shingu Town,
Fukuoka Prefecture, Japan, have been also made for the verification of the preference
intensities of Japanese Medaka obtained from the laboratory open—channel experiments.
The distributions of Japanese Medaka and the three environmental factors of water
depth, current velocity and cover were measured and the observed fish distribution was
compared with the predicted fish distribution calculated by equations (2) through (5)
and by the measurements of the three environmental factors. Photograph 1 shows the
examined reach looked down from the upstream end. The reach had a length of about
72m and was a moderately low—gradient canal with precast concrete block lining and with
a bottom width of about 3m. Sand and gravel accumulated on the bottom that was partly
covered by vegetation as shown in.Photo. 1.

The examinations were conducted in the morning (10:00-12:00) on the two sunny
days of September 28* and October 12% in 2001. On both days, we firstly observed the
distribution of Japanese Medaka prior to the measurements of the environmental factors
to avoid possible change of fish distribution due to the environmental factor measure-
ments. Water temperatures on September 28* and October 12 were 28°C and 21°C,
respectively. In the following, the data on October 12" were used for the verification study
because the water temperature was too high on September 28" compared with that in the
laboratory experiments.

Photo.1. Photograph of examined reach looked down from the upstream end.
The reach had a length of about 72 m and was a moderately low-gradi-
ent canal with precast concrete block lining and with a bottom width of
about 3m. Sand and gravel accumulated on the bottom that was partly
covered by vegetation.
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The examined reach was hypothetically divided into small water bodies with a length
of 1.5m and the observations of fish distribution and the measurements of environmental
factors were carried out at each water body.

The distribution of Japanese Medaka was determined by counting the number of the
fish in each water body from the levee of the canal in order to prevent the fish from react-
ing to the observer’s activities. A series of observations from the upstream end through
the downstream end was carried out four times and the results were averaged.

We measured water depth and current velocity typical of that in each water body.
Water depth was measured with a stainless steel ruler while a portable propeller current
meter and a float were used for measuring the relatively fast and the slow current veloci-
ties, respectively. The cover condition was determined among No-cover, RL-cover,
TB-cover and All-cover by observing the shape of vegetation cover typical of that in each
water body.

RESULTS AND DISCUSSION

Preference intensity models

Figure 6 shows the distribution ratios of the fish in the right or left flume in the sin-
gle—factor experiments conducted in the laboratory open channel. The water depth in
the left flume was 7 cm in the water—depth experiments (Fig. 6 (a)), the current velocity
in the left flume was 9cnv/s in the current-velocity experiments (Fig. 6 (b)) and the
No-cover condition was set in the right flume in the cover experiments (Fig. 6 (c)). The
distribution ratios indicate that Japanese Medaka prefers deeper water depth, slower
current velocity and relatively dark places. Because the distribution ratios in one set of
conditions are slightly scattered while the differences between the five fish and the ten
fish experiments are not definitely found, all distribution ratios in one set of conditions
are averaged to obtain the distribution value for the modeling of preference intensity.

Figures 7, 8, 9 indicate the preference intensity patterns optimized by the SGA with
the average distribution ratios. The comparison of the observed distribution ratios with
the predicted distribution ratios calculated by the optimal intensity models are also shown
in these figures. The preference intensity pattern of Type-2 is selected for water depth
and the maximum preference level is given at a water depth of 9.4cm. The pattern
Type-2 is also selected for current velocity and the maximum level is given at 2.8 cr/s. In
the cover experiments, the discrete distribution Type—4, in which the intensity levels are
separately determined for each condition without the SGA optimization, is inevitably
used. All-cover condition is on a markedly high level compared with other conditions.

The composite factor experiments were carried out in the laboratory open channel
under the two sets of conditions. The distribution ratios in the right and left flumes and
their averages are shown in Table 1. Using the average distribution ratios, the relative
weights necessary for evaluating the combined preference level of the three
environmental factors, j={depth, velocity, cover}, were estimated from calculation as

Wdeplh:O-32; Vchloci(yzl‘O, chvvr:0~66, (7)

when the maximum weight was normalized to be unity. Knowledge of the weight values
enables us to compare the preference intensities of the environmental factors with each
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Fig. 6. Distribution ratios of Japanese Medaka in the right or
left flume in single—factor experiments conducted in the
laboratory open channel. Two groups of five fish and
ten fish were examined in the experiments.

other. Preference intensities in the cover experiments seem to show a clear difference
among cover conditions judging from the results of the single-factor experiments in Figs.
7, 8, 9, but the weight values reveal that the current velocity has the strongest preference
intensity among the three environmental factors.

Prediction of fish distribution

The spatial distribution of the combined preference level P’ in the laboratory water
tanks was calculated by using equation (2) through (4) together with the cover condition
and the measurements of the depth-averaged current velocity in Figs. 10, 11 and the
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Fig. 7. Preference intensity pattern for water depth. Type-2
was selected by the optimization using the SGA. The
comparison of the observed distribution ratios with the
predicted distribution ratios calculated by the optimal
intensity pattern are also shown in the top.
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without the SGA optimization. The comparison of the
observed distribution ratios with the predicted distribu-
tion ratios calculated by the optimal intensity pattern
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sured by PIV and used in calculating
the spatial distribution of the combined
preference level P in Tank-1.
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Fig. 5.
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Fig. 13. Results of the on-the-spot examinations executed in Shingu Town, Fukuocka Prefecture,
Japan. The measurements of (a) water depth, (b) current velocity and (c) cover, (d)
the preference levels calculated for each factor, the combined preference levels obtained
by considering (e) two factors and (f) all three factors and (g) the comparison of the
observed fish distribution with the predicted fish distribution calculated by (f).
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water depth in Table 2. The fish distribution in each water body was then predicted by
the calculated P*s and equation (5). The predicted fish distribution was compared with
the observed distribution for verifying the preference intensity models of Japanese
Medaka. Figure 12 indicates the comparison of the predicted distributions with the
observed distributions in the seven runs. The horizontal axis represents the consecutive
numbers of water bodies defined in Fig. 5. Among the single—factor experiments of
Run-D, Run-V and Run-C, the agreement between the predicted and observed
distributions in Run-D is slightly worse than those in Run-V and Run-C, which reveals
that the environmental preference of Japanese Medaka is not greatly affected by water
depth. This is also suggested by the weight values of the three environmental factors:
Weetoey = Weovee > Waan.  Judging from the good agreement between the predicted and
observed distributions in the runs connected with the two factors of current velocity and
cover, the two factors obviously affect the environmental preference of Japanese Medaka.

The preference intensity models were also verified by the on-the-spot examinations
in Fig. 13. Using the measurements of the three environmental factors in Fig. 13 (a), (b),
(¢), the preference levels in Fig. 13 (d) are calculated for each of the three environmental
factors based on the assumption that a merely single factor is varied in the canal reach
and other factors are kept spatially constant. The combined preference levels in Fig. 13
(e) and in Fig. 13 (f) are obtained by considering the two factors and all three factors,
respectively. The observed fish distribution is shown in Fig. 13 (g) with the predicted
distribution calculated by the combined preference level in Fig. 13 (f). The total number
of individual of Japanese Medaka is 1,042 in the examined reach. The agreement is gen-
erally good between the observed and predicted fish distribution in Fig. 13 (g) while Fig.
13 (d) reveals that the environmental preference of Japanese Medaka is not greatly
affected by water depth.

Iwamatsu and Yamataka (1996) executed on-the—spot examinations in 180 spots
such as river, canal, stream, pond and paddy field in Aichi Prefecture, Japan, from April
through November in 1994. They investigated whether or not Japanese Medaka inhabited
each spot together with the measurement of environmental factors. Table 3 indicates the
averages and the standard deviations of water depth and current velocity for two groups
of the spot where Japanese Medaka inhabited or not. The results of the significance test
(t-test) in this table reveal that water depth is not the important factor for the habitat

Table 3. Averages and standard deviations of water depth and current velocity for two groups of
the spot where Japanese Medaka inhabited or not in on-the-spot examinations in Aichi
Prefecture, Japan (Iwamatsu and Yamataka, 1996). The significance test (¢-test)
reveals that the difference between the averages of water depth in two groups is not
significant but the averages of current velocity are significantly different.

Environmental Average, standard deviation (number of spot) Significance test
factor Inhabited Not inhabited (¢-test)
Water depth Not significant
(cm) 24.69, 2.24 (82) 22.05,2.16 (98) (p>>0.05)
Current velocity Significantly different

(cmvs) 1.62,0.37 (82) 7.11,0.86 (98) (p<0.001)
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environment of Japanese Medaka. This corresponds to the results of the laboratory
experiments in this study. The average current velocity in the spots Japanese Medaka
inhabited is 1.62 cm/s while the maximum preference level was given at 2.8 cm/s in the
laboratory experiments in this study. Iwamatsu and Yamataka (1996) measured current
velocity by floating a ping-pong ball with a string of 4 m length. Because this method is
very likely to measure the current velocity slower than the true value, the current velocity
of 2.8 crn/s that gave the maximum preference level in this study is almost the same as the
average current velocity in the spots Japanese Medaka inhabited in their study.

CONCLUSIONS

The preference intensity models of Japanese Medaka to the three environmental
factors of water depth, current velocity and cover were discussed in this paper.

Firstly, the preference intensity models were constructed in laboratory open—channel
experiments. In modeling preference intensities to environmental factors, we adopted
Sekine’s model and a simple genetic algorithm was newly introduced to search for the
optimal functional representation of preference intensity and to determine the parameter
values of the preference intensity curves. The results indicated that the maximum
preference level was given at a water depth of 9.4 cm and at a current velocity of 2.8 cm/s,
and that the All-cover condition had a markedly high level compared with other cover

_conditions. The relative weights necessary for calculating the combined preference level
of the three environmental factors were evaluated as Wyuw=0.32, Wiway=1.0 and
Wner=0.66, when the maximum weight was normalized to be unity.

Next, the models were then verified by laboratory water—tank experiments and
on-the-spot examinations. In the verification, the spatial distributions of the fish in the
laboratory water tanks and in the actual stream were predicted using the measurements
of the environmental factors together with the preference intensity models obtained from
the open—-channel experiments. The results revealed that the environmental preference
of Japanese Medaka was not greatly affected by water depth, which was also suggested by
the weight values of the three environmental factors: Wiy > Weover > Wiepn.  Judging from
the good agreement between the predicted and observed distributions in considering the
two factors of current velocity and cover, the two factors obviously affect the envi-
ronmental preference of Japanese Medaka.
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