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Abstract

Kunimasu, Oncorhynchus kawamurae, spawning and its inhibiting factors were investigated in Lake Saiko,
central Japan, by direct observation while scuba diving and recording images using underwater time-lapse
cameras. The cameras were installed on three stations in gravel areas with high or low spring water
discharge at a depth of c.a. 30 m from November 2016 to February 2017. Kunimasu were observed to visit
these areas, and digging behavior was observed. It was inferred that the number of fish visiting the gravel
areas was related to the size of the gravel areas rather than the magnitude of spring water discharge. The
underwater cameras confirmed the presence of freshwater eels, which were actively digging gravel and
eating Kunimasu eggs. Two eels captured were identified to be European eel, Anguilla anguilla, by
mitochondrial DNA sequence analysis. Since we found only a few Kunimasu eggs on the spawning ground,
the egg-eaters appear to have had a substantial negative impact on the reproduction of Kunimasu. These
results indicate that the maintenance of gravel areas and spring water, as well as the expulsion of the
European eel, are vital for the conservation of the Kunimasu population in Lake Saiko.
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Lake Saiko

Fig. 1. Location and size of Lake Saiko in Yamanashi Prefecture, Japan.
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Fig. 2. Gravel areas (light blue) in the Kunimasu spawning ground of Lake Saiko. Two stations (A with
high spring water discharge and B with low spring water discharge) in the largest gravel area (No. 1)
and one (C) in the smaller grave area (No. 2) were selected to install underwater cameras. One photo
every hour was taken by three cameras (closed rectangle) to count the number of visitors. In order to
observe spawning behavior, an additional camera (open rectangle) to take a photo every minute was
installed at St. A. Dotted lines show water depths of the spawning grounds.
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Fig. 3. The number of Kunimasu visitors during mid-November 2016 and February 2017 at three
stations (A, B and C). The number of visitors is the average of the squares calculated from confirmed
observations every hour from 11 a.m. to 1 p.m. The stations (St.) correspond to the position of

underwater cameras shown in Fig. 2.
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Fig. 4. Diurnal changes in the number of Kunimasu visitors, showing the average values per hour
from January 1-6, 2017, when the number of visitors was high.
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http://aquaanimal.net/cgi-bin/AA2020/Video-1.wmv

Fig. 5. Eels eating Kunimasu eggs. The image shows two eels piercing the lake bottom with their heads
to eat eggs. There is a Kunimasu in the upper central portion. The white line in the center of the screen
is the baseline set to measure gravel area. The photograph was taken from videotape #1 at 10:09 on
January 23, 2017. Video image can be seen at http://aquaanimal.net/cgi-bin/AA2020/Video-1.wmv.

D BTSRRI CEITRD Do 7o (x 2l
SEVEDRRE, p=0.88),
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Table 1. Underground temperature at various digging points and condition of

Kunimasu eggs and hatchlings excavated.

digging  Temp. No. egg No. hatchling depth % alive

point 0) alive  dead alive dead (cm) individual

1 55 1 0 0 0 10 100.0

2 6.1 6 1 0 0 5 85.7

3 59 15 2 0 0 5 88.2

4 59 10 5 4 0 10 73.7

5 8.1 3 3 6 0 10-15 75.0

6 8.0 4 0 0 1 5 80.0
total 39 11 10 1 (80.3)

The water temperature at the lake bottom was 5.5°C at the time of digging. The
percentage of living eggs and larvae = (number of living eggs and larvae / total number

of eggs and larvae) x 100.
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Table 2. Body measurement results of eels captured in Lake Saiko.

sample total length  preanal length  head length body weight
mottle
No. (mm) (mm) (mm) (g)
1 None 771 322 100 1,060
2 None 868 383 102 1,270
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