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Ecological Studies on the Jelly-fish, Aurelia aurita (L.),
in Urazoko Bay, Fukui Prefecture - V.
Vertical Distribution of the Medusa*

Téru YAsupa

Fukui Prefectural Fisheries Experimental Station, Matsushima, Tsuruga, Fukui Prefecture

In spite of the common and world-wide occurrence of the jelly-fish, Aurelia aurita,
studies on its vertical distribution have been reported by rather a small number of

authors including Acassiz (1862), MAYER (1900), BRowN (1901) and VErway (1942) who all
qualitatively investigated it by eye-observation. Recently, 6SHIMA et al. (1967) and
Kuwapara (1969) made quantitative studies on the vertical distribution of the medusa in
Lake Hamana-ko, and KuwaBArA ef al. (1969) reported two cases observed in the
northeastern part of Tokyo Bay. But, these are all concerned with the observations
made in limited seasons. The present author formerly reported on the patterns of local
occurrence of medusa and ephyra of Aurelia aurita, and its growth and breeding season
in Urazoko Bay along the coast of the Sea of Japan (Yasupa, 1968, 1969, 1971). The
present report, as a part of the series of ecological studies of the medusa, deals with
the vertical distribution which was observed nearly throughout all the seasons in the
same bay.

The author wishes to express his sincere gratitude to Professor Kikuya MAsHIKO,
Director of the Noto Marine Laboratory, University of Kanazawa, and Dr. Saburo
NisHiMura: of the Seto Marine Biological Laboratory, University of Kyoto, for their
helpful suggestions and critical reading of the manuscript. Thanks are also due to
Professor Emer. Tadashi Tamura and Professor Hikoei Oumi of the Hokkaido
University and Mr. Masakazu Nmwa, Director of the Fukui Prefectural Fisheries
Experimental Station, for their valuable suggestions and encouragement shown to the
author during the course of his investigation.

Materials and Methods

Urazoko Bay is a small inlet in Wakasa Bay situated along the coast of the south-
eastern part of the Sea of Japan (Fig.l). The detailed topographical and
oceanographical conditions of the bay were described in the previous reports (YAsuDA,

* The present work was supported in part by a grant from the Nihon Electric Power Company Inc.
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1968, 1969). The medusae were collected by means of vertical hauls of a conical

plankton-net (60 cm in mouth aperture, 2

; ) 136°02 136°08'
mm in mesh size, 200 cm in length) from : T

]
|

different depths at each fixed station and at p—

the sites where the medusae were densely
distributed during the period from January
of 1967 to March of 1968. The hydrographic
and meteorological observations were also
simultanously made. The number of ss°ad |

medusae in each layer was calculated from
the difference between the catches by the

deeper and shallower hauls successively
made as was done by Kuwasara (1969). aoucl

Results and Discussion 35°30"

135°E 136
The vertical distribution of the

medusae, the water temperature and the Fig. 1. Map of Urazoko Bay showing the
stations where the researches

water density in sifu are shown in Fig. 2. rerel Aried il

As seen in this figure, the vertical distri-

bution of the medusa is variable according to the station, season and meteorological
condition. In regard to the patterns of occurrence of the highest density, however, the
following four types are remarked: A, most abundant in the layer of 0-5 m; B, most
abundant in the layer of 5-10 m; A-B, abundant in both 0-5 and 5-10 m layer ; C, most
abundant in the layer deeper than 10 m. The relation of the occurrence of each type
to weather condition and season is shown in Table 1.

In regard to the sea surface condition, only two cases of Type A were observed in
the smooth condition, while all of the other surveys were carried out in the ruffled
condition where all the types, A, B, A-B and C, were detected. Though some
remarkable thermocline was often found, no definite realation was recognized between
the water temperature and the vertical distribution of medusa. The density i sifu of
the sea water had no notable relation with the vertical distribution of medusa as well.

According to the studies of Osuiva et al. (1967) and Kuwasara (1969) in Lake
Hamana-ko, the maximum occurrence of A. airita was found in the middle layer, and
they are of the opinion that this phenomenon may be attributed to the balance with

Fig. 2. Representative cases of the vertical distribution of the medusae of Auwrelia aurita

in Urazoko Bay under various conditions during the period from January 1967 to
March 1968.

Figures in shaded areas indicate cubic roots of the individual number per
m®. Large letters A, A-B, B, C mean types of the vertical distribution.

Small letters indicatate the weather condition. b, blue sky ; bec, blue sky with a
little clouds ; c, cloudy ; o, overcast sky ; d, drizzling rain, and w. w, means the
condition of wind wave.
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Table 1
Sprin Summer Autumn Winter Total
. Season | \OPEY)  (uneAug) (Sept-Nov.) (Dec-Feb)

Weather De
A — — —_— — —_—
Bright A—B — — — — —
B — —— —_— — —
C 2 1 — — 3
A - — 2 - 2
Fair A—B - - — - -
B 1 - — — 1
Cloudy or A 1 1 1 —-— 3
Drizzling rain | A—B - 1 — — 1
B — 1 1 1 3
C —_— —_— pu— —_ J—
Total 5 4 4 1 14

the water density 7z sitx. From the results obtained in Tokyo Bay, on the other hand,
Kuwasara et al. (1969) suggest that the vertical distribution of the medusa may have
close relation to the movement of water resulted from the difference of density of
water rather than to the water density itself. In Urazoko Bay, however, there seems
to be no definite correlation, as mentioned above, between the vertical distribution of
medusa and the density in situ as well as the water temperature.

In the present study, it was noticed that during the spring (March to May) and
summer (June to August) the medusae were distributed most abundantly in the lower
layer deeper than 10 meters on bright and fair days while they were mostly found in
the upper 5 meter layer on cloudy or drizzling days, and that during the autumn
(September to November) the medusae were observed most abundantly in the upper
layer from surface to 5 meters even on fair days in contrast with the spring-summer
condition. This tendency described above agrees very well with the observation of
Acassiz (1862) along the coast of Florida and that of Maver (1900) at Havana Harvor
and also with the experience of observation by many fishermen of the Urazoko Bay
region. It seems to be a noteworthy fact that during the autumnal season the medusae
were abundant in the upper layer even on fair days. This may indicate that the
medusae swim more actively when the underwater illumination becomes weaker day
by day as compared with condition in the spring-summer season when the illumination
becomes increasingly stronger. In this connection, the result shown by IRisAwA ef al.
(1956) that the bell pulsation of A. aurita increases with the decrease of light intensity
may deserve a particular attention. The similar response in the shadow reaction was
proved for Schyphomedusa Dactylometra pacifica GotTeE (TaMmAsHIGE, 1969) and the
Hydromedusae Spirocodon saltatrix TiLesius (KikucHi, 1947 ; Hisapa, 1956) and Polyorchis
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karafutoensis KisHINOUYE (TamasHiGE and YamacucHl, 1967). In view of these facts, it
may be safely concluded that under ordinary conditions, the main factor affecting the
vertical distribution of A. aurita is the underwater illumination. The same view was
also suggested by RUSSELL (1928),
VERWEY (1942) and Ucuma (1961),
though they showed no concrete data.
The influence of the sea surface
condition on the vertival distribution of
the medusa also seems often to be
important as seen in Fig. 2, and this
agrees with the observations of Acassiz
(1862) of the Florida coast and VERwEY
(1942) in the North Sea. Cuas and
Harcrrr  (1910)  noticed for  the
Schyphomedusa Cyanea arctica PERON
nearly the same correlation with the
wind wave conditions. For further
discussion on this problem, however,
more detailed researches may be re-
quired.

As the maximum occurrence of
medusae, 596.4 individuals per m® in the

Fig. 3. Awrelia medusae in a large belt-

upper layer from surface to 3 meters like patch observed at the inner
and 410.7 in the middle layer from 7 to part (St. 7) of Urazoko Bay on 9th
August, 1967.

10 meters were recorded at the inner
part of the bay on Aug. 9, 1967 (Figs. 2 and 3). As the patches observed at that time
were mainly composed of medusae of 6 to 7 cm in bell diameter, the body weight can
be calculated to be 13.1 to 21.5 g by the following empirical relationship (Yasupa,
1969):
W=0.1673L%-+**

where W is the body weight, L is the bell diameter. Hence, the biomass of medusae in
each layer attains the values from 7.8 to 12.8 kg per m® and 5.4 to 8.8 kg per m® in the
surface layer and the middle layer, respectively. These values are near the highest
biomass given by KuwaBara ef al. (1969) which were obtained in the north-eastern part
of Tokyo Bay at the period of the highest population density. It may be added that
the above mentioned patch of the surface layer took forms, about 2 meters in width
and 30 meters in length in one belt and about 4 meters in width and 60 meters in
length in the other, and both the patches drifted away towords the mouth of the bay.
If it can be assumed that the medusae were distributed evenly down to 3 meters in
these patches, their biomasses may be calculated approximately to be 1.4 to 2.3 tons in
the smaller patch, and 5.6 to 9.2 tons in the larger one, in the volume of sea water of
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about 180 and 720 m?, respectively.

As the atomic power-plant which is now being built on the coast of the inner part
of Urazoko Bay takes in 20 m® of sea water per second for the purpose of cooling the
condenser, Awurelia patches of about 1.4 to 9.2 tons may, at the time of the peak of
occurrence, attack the water intake of this plant in a few minutes (Yasuba, 1969).
Although the thermal powerplants and other littoral factories in Japan now use
preventive nets or bar screens with rotary rakes as countermeasures for the accidents
or damages caused by the medusae (MaTsuepa, 1969), it is nessary to examine
carefully whether or not these apparata have the ability sufficient to prevent the
damage caused by the above-mentioned biomasses at the peak of their occurrence.

Summary

As a part of ecological studies on the jelly-fish, Aurelia aurata in Urazoko Bay,
Fukui Prefecture, the vertical distribution of medusa was investigated by means of
successive vertical hauls of a net at different layers during the period from January of
1967 to March of 1968. No definite correlation was recognized between the vertical
distribution of the medusae and the water temperature as well as the density i situ.
On the whole, the medusae mostly occurred in the lower layer (below 10 m) on bright
days, and in the upper layer (0-5 m) on cloudy or drizzling days. In autumnal season,
however, the medusae tended to occur most abundantly in the upper layer even on fair
days. This may indicate that the main factor affecting the vertical distribution of A.
aurita is the condition of illumination in the sea. The biemass of the patches of the
medusae at the peak of its occurrence is calculated to range 1.4 to 9.2 tons
approximately.
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