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Fig. 1. Location and bathymetry maps of the Bungo Channel and Hokezu Bay. The bathmetry map
of the Bungo Channel, showing station positions of the monitoring system for sea surface water
temperature in the west coast of Shikoku. Symbols of Ok, Fu, Sm, Ki, St, Yu, and Ho represent
Okinoshima, Fukuura, Shimonada, Kitanada, Shitaba, Yusu, and Hokezu stations, respectively.
Contour intervals for the bottom topography in the Bungo Channel are 50 m. The bathymetry map
of Hokezu Bay, showing the land-base video monitoring area (the area enclosed by a thick line with
an empty circle), station positions on the mooring (Sta. H; solid star), and on the CTD casts (solid
diamonds, triangles, and squares in August 1, August 7, and September 13, 2007, respectively). Con-
tour intervals for the bottom topography in Hokezu Bay are 5 m.
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Fig. 2. An image obtained by the land-base video
monitoring system in Hokezu Bay (see Fig. 1) at
12:04:45 in August 17, 2007. The area enclosed by a
red line indicates moon jellyfish aggregation
(Aurelia sp.) at surface layer of Hokezu Bay.
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Fig. 3. Time series of the occurrence frequency of

moon jellyfish aggregation (upper panels) and its
normalized wavelet power spectra (lower panels)
in 2005(a), 2006(b), and 2007(c). Gray lines in the
upper panels represent 5-day running mean of the
occurrence frequency. The wavelet power spectra
are normalized by 1/ ¢? where ¢’ is variance of
the occurrence frequency for each year of 2005 —
2007. The variance in 2005, 2006, and 2007 is 6.4, 7.5,
and 10.3, respectively. Thick contours in the lower
panels enclose regions of greater than 90% confi-
dence for a red-noise process with a lag-1 coeffi-
cient of 0.60, 0.72, and 0.56, respectively. In the
lower panels contour intervals of the normalized
wavelet power spectra are 1.0, and shaded areas
represent the values larger 1.0.
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Fig. 4. Time series (a) and normalized wavelet

power spectra (b-d) of water temperatures at sur-
face layer at Okinoshima (Sta. Ok), Sumoto (Sta.
Sm), and Hokezu (Sta. Ho). The wavelet power
spectra are normarized by 1/ ¢0? whereo® is vari-
ance of the water temperature at each station over
the period 2005—2007. The variance in Sta. OK,
Sta. Sm, and Sta. Ho is 12.6, 13.7, and 18.3, respec-
tively. Thick contours in (b—d) enclose regions of
greater than 90% confidence for a red-noise process
with a lag-1 coefficient of 0.99, 0.99, and 1.0, respec-
tively. In (b—c) contour intervals of the normal-
ized wavelet power spectra are 1.0, and shaded
areas represent the values larger 1.0.
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Fig. 5. Time-space diagrams of the 10—15 days band-pass filtered water temperature at surface layer
of the west coast (Sta. Ok, Sta. Fu, Sta. Sm, Sta. Ki, Sta. St, Sta. Yu, and Sta. Ho; see Fig. 1) of
Shikoku for each year of 2005—2007. Horizontal axes are distance from Sta. Ok to the other stations,
and vertical axes are time over the period from July 1, 2005 to October 31, 2007. Shaded areas indicate
negative values in the band-pass filtered water temperature. Contour intervals are 0.25 °C. Thick
broken lines represent northward propagation speed of 20 km day .
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Fig. 6. Variance preserving spectra of the along-shore current (a) and cross-shore current (b) at Sta.

H during the mooring period. Shaded areas represent the values larger than 1.0 X10' cm® s?, respec-
tively. Symbols of 15d, 10d, D, f, and SD represent periods of 15 days, 10 days, diurnal period (24
hours), inertial period (20.7 hours), and semi-diurnal period (12 hours), respectively. Contour inter-
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Table 1.

Statistics of the low-pass filtered currents at Sta. H. u and v components are for the east

and north axes, respectively. 0. and o, indicate standard deviations of the u and v components,
respectively. V and °7 indicate vector mean velocity and current direction, respectively. KE is the
kinetic energy of the mean flow averaged over the entire series per unit mass [ KE =0.5 (u*+v%],
and KE' is the eddy kinctic energy per unit mass [KE'=0.5(g:+ o].

Sta. H
Depth | u+o. | vE0, 14 °T KE ‘ KE N ke xE Data
(m) (em/s) (em/s) (em/s) (deg.) (em®/s%) | (em®/s%) number
-1.3*£1.4 | -0.3+0.9 1.3 195 0.94 0.89 1.39 816
8 -0.4%£0.9 | 0.8*1.1 0.8 115 0.35 1.01 2.91 816
10 -0.3£1.2| 0.9£1.6 1.0 107 0.48 2.03 4.20 816
12 -0.1£1.3 | 0.6£1.4 0.6 100 0.16 1.88 11.76 816
14 -0.3F1.4 | 0.4£1.2 0.5 132 0.12 1.82 15.85 816
16 -0.1£1.1 | 0.5%1.1 0.5 99 0.14 1.22 8.80 816
18 0.1£1.0 | 0.6=1.0 0.6 76 0.20 0.93 4.71 816
20 0.3£0.9 | 0.8£0.9 0.9 69 0.39 0.82 2.08 816
22 0.6+1.1 | 1.0+0.8 1.1 60 0.64 0.88 1.38 816
24 09+1.2 | 1.1+0.9 1.4 52 1.00 1.14 1.13 816
26 1.1+1.1 | 1.2£1.0 1.6 47 1.32 1.18 0.89 816
28 1.5+1.1 | 1.1£1.1 1.9 36 1.73 1.18 0.68 816
30 1.8+1.0 | 1.2£0.9 2.2 34 2.40 0.96 0.40 816
32 1.9+1.0 | 1.1£0.8 2.2 29 2.37 0.75 0.31 816
34 1.6+1.0 | 1.3£0.9 2.1 37 2.15 0.87 0.40 816
36 1.7+21.0 | 1.7£0.8 2.4 44 2.93 0.80 0.27 816
38 1.6+0.9 | 1.9£0.9 2.5 51 3.03 0.80 0.26 816
40 1.3+0.9 | 2.1£0.8 2.5 57 3.05 0.71 0.23 816
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Fig. 8. Spatial pattern (a and b) and time amplitude (¢) of the first (ACE1) and second (ACE2)
modes of EOF analysis for the low-pass filtered along-shore currents at depths of 1—40 m at Sta. H.
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Fig. 9. Variance preserving spectra of the water temperatures (a) and time series of the low-pass fil-
tered water temperatures at Sta. H (see Fig. 1) (b) at depths of 0—40 m during the mooring period.
Shaded areas in (a) represent the values larger than 0.5X 107" “C% Symbols of 15d, 10d, D, f, and SD
in (a) represent periods of 15 days, 10 days, diurnal period (24 hours), inertial period (20.7 hours),
and semi-diurnal period (12 hours), respectively. Contour interval in (a) is 0.25X 107" “C* Light and
heavy shaded areas in (b) represent the values smaller than 23.5 °C and 23.0 °C, respectively. Con-
tour interval in (b) is 0.5 C.
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Fig. 10. Cross correlation coefficients between the
time amplitude of the ACEl and the low-pass fil-
tered water temperature at each depths of 0—40 m
during the mooring period. Shaded areas represent
negative cross correlations. Solid circles represent
maximum correlation at each depth. Contour inter-
val is 0.1.
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where the A-, and B-, and C-lines are recorded on August 1, August 7, and September 13, 2007, respec-
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Fig. 12. Cross correlation coefficients between the

time amplitude of the ACE1l and the 5-day running
mean of the occurrence frequency of moon jellyfish
aggregation. Dotted lines are cross correlation co-
efficients at 99% confidence.
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Short-term periodic appearance of moon
jellyfish aggregation at surface layer in summertime
Hokezu Bay, Japan induced by kyucho

Daisuke Takahashi?, Yuta NanjyoP, Junichi Ohyama¢,
Naoki Fujiid, Kayoko Fukumori¢, Hidetaka Takeokad

Abstract

Temporal variation in appearace of moon jellyfish (Aurelia sp.) aggregation at surface
layer in summertime Hokezu Bay during 2002 — 2005 were examined using the land-base
video monitoring system. The existences of long- and short-term fluctuations in the appear-
ance of the moon jellyfish aggregation were revealed. The long-term fluctuation was charac-
terized by the appearance of the moon jellyfish aggregation in middle August and by
vanishment in September-October, whereas the short-term fluctuation had periods of 10—15
days. Interannual variation of the short-term fluctuation well corresponded with that of
kyucho, which was intrusion of warm surface water from the Pacific Ocean to the Bungo
Channel. To examine the relationship between the short-term fluctuation and the kyucho,
mooring and hydrographic observations were conducted in summertime Hokezu Bay of 2007.
When the kyucho reached Hokezu Bay, the warm water flowed into the bay under surface
pycnocline (thermocline) . This warm water intrusion caused not only bay-scale water mass
exchange but also transport of the moon jellyfish from the outside to the inside of the bay,
and then the intruded moon jellyfish was considered to be passively aggregated at the sur-
face layer. As a result of this, the short-term fluctuation with periods of 10—15days in the
appearace of the moon jellyfish aggregation was considered to occur at the surface layer in
summertime Hokezu Bay.

Key words: moon jellyfish aggregation, land-base video monitoring system,
kyucho, Hokezu Bay
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