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Abstract Drifting seaweeds play important ecological roles
in offshore waters. Recently, large amounts of drifting
seaweed rafts were found in the eastern East China Sea
between the continental shelf and the oceanic front of the
Kuroshio Current. However, so far there have been no
quantitative reports about this particular area. Two research
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cruises were organized to survey abundance and standing
crop of drifting seaweeds in eastern East China Sea in
May 2002 and March 2004, using visual census and net
sampling of drifting seaweeds. Visual census data were
composed of drifting seaweed raft diameter, perpendicular
distance from the transect (navigation course of the research
vessel) to the raft, and positions. Using these data, we
calculated the “effective stripe width” using the DISTANCE
software. Drifting seaweed abundance (composed exclu-
sively of Sargassum horneri) in waters located between the
continental shelf peripheral area and the Kuroshio oceanic
front was estimated to be higher than in any other area
within eastern East China Sea in March and May.
Abundance means in May 2002 and March 2004 were
6.14 and 29.05 rafts km 2, respectively, while standing crop
reached 126.81 and 20.35 kg km 2 (wet weight). Mean
diameter and drifting seaweed rafts in May 2002 were
significantly greater than in March 2004, reflecting seasonal
growth of Sargassum horneri.

Keywords Drifting seaweed - Sargassum horneri - East
China Sea - Biomass - Abundance - Kuroshio

Abbreviations
AIC  Akaike’s Information Criterion
ESW  Effective Strip half-Width

Introduction

On rocky coasts along the northwestern Pacific, Sargassum
species form a luxuriant forest in spring and a scanty one in
summer (Komatsu et al. 1982). In spring, the Sargassum
forest has a great influence on marine environments such as
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water temperature (Komatsu et al. 1982, 1990, 1994;
Komatsu 1985), pH (Komatsu and Kawai 1986), dissolved
oxygen concentration (Komatsu 1989), downward illumi-
nation (Komatsu 1990) and water flow (Komatsu and
Murakami 1994). Commercially important fish spawn in
the Sargassum forest in spring, while abalone and turban
shells are traditionally associated with this particular
habitat. Therefore, Sargassum forests play very important
ecological roles in nearshore coastal waters. Their stems or
lateral branches generally attain several meters in length in
spring when most of these species mature. From winter to
spring, when they become longer, waves and currents
detach the seaweeds from the benthic substratum (Yoshida
1963). Sargassum species have many vesicles filled with
gas to provide buoyancy and, hence, Sargassum species
can float after being detached. Once detached, they become
drifting seaweeds and are common in Japanese waters
(Yoshida 1963), as in the Sargasso Sea. In this particular
area, drifting seaweeds spend their entire floating-life stage
in a vegetative reproductive state (Parr 1939).

Drifting seaweeds play key ecological roles in offshore
waters as well, as they play host to attaching or accompa-
nying flora and fauna. Hence, drifting seaweeds constitute
moving ecosystems (e.g., Cho et al. 2001). Thus, they serve
as means of dispersal for littoral animals such as intertidal
animals (e.g., Ingolfsson 1995). Moreover, seaweeds
themselves also enlarge their habitats by means of drifting
rafts. For example, Hernandez-Carmona et al. (2006)
reported that sporophytes of drifing Macrocystis pyrifera
(Linnaeus) C. Agardh remained fertile with high germina-
tion success as long as sori were present (125 days). Since
drifting fragments of Sargassum muticum (Yendo) Fensholt
which invaded European waters in the 1980s could
continue growth and become fertile, they have enlarged
their geographical distribution (Rueness 1989).

With regard to fisheries, they are spawning habitats for
flying fish (e.g., Hirundichthys oxycephalus Bleeker)
(Ichimaru et al. 2006), Japanese haltbeak (Hyporhamphus
sajori Temminck & Schlegel) and Pacific saury (Cololabis
saira Brevoort) (Ikehara, 1986). They also serve as nursery
habitats for larvae and juveniles of some commercially
important pelagic fish species, such as yellowtail (Seriola
quinqueradiata Temminck & Schlegel,) or jack mackerel
(Trachurus japonicus Temminck & Schlegel) (Senta 1965),
which spawn in the East China Sea (Fig. 1). Consequently,
investigating the distribution and abundance of drifting
seaweeds in this specific area is of primary interest for
fishery purposes.

Yoshida (1963) reported that most of Japanese drifting
seaweeds are found in nearshore coastal waters (within
20 km from the shore) in the vicinity of oceanic fronts west
or north of Kyushu Island in the East China Sea (Fig. 1).
Yoshida (1963) also underlined that the abundant season of
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Fig. 1 Map showing the geographical positions of the East China Sea

drifting seaweeds stretches from March to May and that
abundance becomes generally significantly lower in waters
located south of the Osumi Peninsula, especially south of
Tanegashima Island and Yakushima Island. Senta (1965)
reported that drifting seaweeds were not present in the
oceanic front, between continental shelf waters and the
Kuroshio Current. Mitani (1965a) investigated distribution
of drifting seaweeds off the west coast of Kyushu Island,
based on results of Segawa et al. (1959a, b, 1960, 1961b,
1964) and Yoshida (1963). He recorded drifting seaweeds
mainly in the Iki Strait and off Fukue Island, as predicted
by Segawa et al. (1961a). As a result, it has been reported
since the 1960s that drifting seaweeds are hardly present in
offshore East China Sea waters. However, data about
geographical distributions of saury eggs and vesicles of
Sargassum species reported by Shojima (1981) studying the
distribution of Pacific saury eggs, which are usually
associated with drifting seaweeds, questioned this.
Recently, Konishi (2000) and Komatsu et al. (2007)
reported that drifting seaweeds are found on the continental
shelf along the East China Sea oceanic front (between
Kuroshio and continental shelf waters) between March and
May. These drifting seaweeds were composed of only one
species, Sargassum horneri (Turner) C. Agardh. Even
though it is now admitted that floating seaweeds occur in
this specific area, little is known about their abundance. The
Kagoshima Prefectoral Fisheries Technology and Develop-
ment Center investigated this question, mainly by visual
survey, in order to fix an open season on yellowtail
juveniles (Kubo 2004, 2006). However, efforts were
concentrated on coastal waters and the abundance of
drifting seaweeds in deeper waters remained unstudied.
Quantitative studies dealing with drifting seaweeds are
generally based on either neuston net sampling or visual
survey. The former method was, for instance, applied to
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drifting seaweeds of Sargassum fluitans (Bergesen)
Borgesen and S. natans (Linnaeus) Gaillon in the north-
western Atlantic (Stoner 1983). This method is quantitative
because the net mouth frame is constant. It enables the
sampling of small floating objects, but surveys have to be
limited to very narrow areas. Conversely, visual surveys have
been used to estimate the biomass of the giant kelp Macro-
cystis pyrifera in the northeast Pacific (e.g., Kingsford 1995;
Hobday 2000) and Carpophyllum species in waters around
New Zealand (Kingsford 1992). Thiel and Gutow 2005
suggest selecting a sampling method with reference to both
the size of the target and the area under scrutiny. As a result,
visual survey was considered a suitable method in our case.

This study aims at acquiring details about drifting
seaweeds abundance in March and May along the conti-
nental shelf and the Kuroshio Current in eastern East China
Sea using the visual survey method.

Materials and methods

Visual censuses were conducted at sea, in good conditions
(i.e. wave height less than 1 m) and from sunrise to sunset.
Two sessions were organized: from 11 to 19 May 2002 (R/
V Hakuho Maru, KH02-1 leg 1) and from 9 to 16 March
2004 (R/V Hakuho Maru, KHO04-1). Observations were
taken from the vessel deck at a height of 11.5 m above the
sea surface. The vessel navigated along designed transects.
The following elements were recorded at each floating
seaweed occurrence: time, position, the perpendicular dis-
tance from the boat, seaweed diameter. Distance and diameter
were estimated by four trained researchers (two teams of two
people), operating alternately. Some rafts were sampled
randomly every day using an ORI ring net with a diameter
of 1.6 m. Samples were identified and weighted (wet weight).
Drifting seaweed abundance was estimated with reference
to the Line Transect Method (Buckland et al. 2001) and calcu-
lated with the software DISTANCE 4.1. Release 2 (Thomas
et al. 2002, 2004). Following Thomas et al. (2002), we
estimated the parameter 1, called the effective strip half-width
(ESW), and defined as the maximum limit for distinction.

~ n
D= 2L (1)
where D, n and L are respectively the abundance of drifting
seaweed rafts, the total number of rafts of drifting seaweeds
along a transect and the length of the transect. 1 was
estimated via three different models fitted to the frequency
distribution of drifting seaweeds per distance classes. In order
to take into account the lack of homogeneity in sea and
meteorological conditions between transects, the model was
fitted to data separately for each transect. Akaike’s Informa-
tion Criterion (AIC) provides an objective, quantitative

method for model selection. The model which displayed the
lowest AIC [defined by eq. (2)] was adopted as the reference
model (Buckland et al. 2001).

AIC = =2 -log, (A) 4+ 2(q) (2)

where A is the maximized likelihood and ¢ the number of
estimated parameters. This number of estimated parameters
was the number of parameters based on combination key-
function and adjustment-term provided by the program
DISTANCEA4.1. The maximized likelihood was obtained from
maximum likelihood estimation (Buckland et al. 2001).

Rafts of drifting seaweeds were classified into classes
(0-10 m, 10-20 m, 20-30 m and 30—40 m), this distance
representing the perpendicular distance between the boat
and the raft. We ignored those situated further than 40 m as
it became impossible to estimate the distance and difficult
to observe the seaweed. Calculation results for each model
are indicated in Tables 5 and 6. The number of rafts within
EWS was obtained.

The ratio of wet weight/diameter (g m ') of drifting
seaweed rafts in May 2002 was estimated by dividing the
mean wet weight of rafts by the mean diameter of rafts
sampled in May 2002. Then the mean wet weight of rafts
along each transect was calculated by multiplying the mean
diameter of rafts along this transect by the ratio. The upper
and lower values of wet weight of drifting seaweeds were
calculated using the standard deviation of the diameter of
the rafts. The population mean for the wet weight along
each transect was estimated by using the relation between
diameter and wet weight of drifting seaweed rafts collected
by the ORI ring net during the observation in March 2004.
Mean diameter of drifting seaweed rafts along each transect
was converted to wet weight using the equation represent-
ing this relation. The upper and lower values of wet weight
of drifting seaweeds were calculated using the standard
deviation of the diameter of the rafts.

Standing crop of drifting seaweeds along a transect
was obtained by multiplying the density of rafts obtained
by the program DISTANCE4.1 by the weighted mean of
the rafts collected along this particular transect. Then, the
total biomass along each transect was calculated by
multiplying the standing crop by the survey area obtained
from 1 and L.

Results
Distribution of drifting seaweeds
May 2002

In May 2002, lots of rafts were distributed in the area
located between the continental shelf waters and the
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Table 1 Results for distribution of drifting seaweed rafts observed
along the transects 2002. Results for distributions of drifting seaweed
rafts observed along the transects from 11 to 19 May 2002

Table 2 Estimated wet weight mean for drifting seaweed rafts
observed along the transects from 11 to 19 May 2002

Date Mean wet Lower value Higher value
weight (g) of wet weight of wet weight
of rafts of raft (g) of raft (g)

11 May 1,524 (264) 1,105 (191) 1,943 (336)

12 May 7,849 (1,359) 6,630 (1,148) 9,069 (1,570)

14 May 1,189 (206) 785 (136) 1,593 (276)

15 May 7,621 (1,320) 7,621 (1,320) 7,621 (1,320)

16 May 0 (0) 0 (0) 0 (0)

18 May 10,136 (1,755) 6,402 (1,109) 13,870 (2,402)

19 May 20,653 (3,576) 11,508 (1,993) 29,798 (5,160)

Date Length of Number Mean SD Mean SD of
transect of rafts diam. of perpen. dist. perpen.
(km) (m)  diam. (m) dist.

11 May 179.64 14 2.00 0.55 1143 9.49

12 May 212.31 40 1.03 0.16 13.93 9.87

14 May 216.83 9 1.56  0.53 4.44 5.27

15 May 151.14 2 1.00  0.00 10.00 0.00

16 May 173.61 0 - - - -

18 May 202.82 12 1.33 049 10.83 11.645

19 May 201.32 35 271 120 11.61 10.08

diam Diameter of raft, perpen dist perpendicular distance

oceanic front, especially in the East China Sea (Table 1,
Fig. 2). Surface water temperatures in this area ranged from
20 to 24°C while those in the Kuroshio Current went
beyond 24°C (11th Regional Coast Guard Headquarters
2002). We collected 20 rafts during the research cruise
using the ORI ring net. Although one individual of
Sargassum macrocarpum C. Agardh was observed near
Kyushu Island on 13 May 2002, the other samples of
drifting seaweeds were all S. horneri. Diameter mean and
wet weight mean for drifting seaweed rafts along the
different transects (Tables 1 and 2) were higher than those
in March 2004 (see Tables 3 and 4). A one-way analysis of
variance (ANOVA) indicated that this difference was
statistically significant (Fg 0s(1),1,318=3.87; p<0.001).
Amongst the 2002 transects, wet weight mean was the
highest on 19 May (Table 2).

34"
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26120' 122 124 126° 128 130° 132 134
Fig. 2 Visual survey transects for drifting seaweed rafts (solid lines)
in the East China Sea during R/V Hakuho Maru cruise, KH-02-1 legl,
and the distribution of the latter (closed circles and triangles) in May
2002. Large, medium and small closed circles are drifting seaweed
rafts with diameters over 3 m, of 2-3 m, and 1-2 m, respectively.
Triangles are groups of drifting seaweed rafts with diameters below
2 m. Dark stripe represents the path of Kuroshio Current (source:
Hydrographic and Oceanographic Department of Japan Coast Guard,
2002)
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Higher and lower values of wet weight of drifting seaweeds were
calculated using the standard deviation of the diameter of the rafts.
Numbers inside parentheses are dry weights calculated from wet
weights based on a relation between wet weight and dry weight of S.
horneri (Mikami 2007)

March 2004

Figure 3 shows observation transects (solid line), observed
rafts of drifting seaweeds (closed marks) and the Kuroshio
Current position (dark stripe) during the March 2004 cruise.
Drifting seaweeds were clearly present in waters located
between the continental shelf and the oceanic front of the
Kuroshio Current. Most of them were found in an area with
sea surface temperatures ranging from 14 to 17°C (11th
Regional Coast Guard Headquarters 2004). We collected 14
rafts during the cruise using the ORI ring net. Analysis of
species composition of the rafts showed that S. horneri was
the only species recorded. Mean diameter of drifting
seaweed rafts was less than 1 m in March (Table 3). Many
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Fig. 3 Visual survey transects for drifting seaweed rafts (solid lines)
in the East China Sea during R/V Hakuho Maru cruise, KH-04-1, and
the distribution of the latter (closed circles and triangles) in March
2004. Large, medium and small closed circles are drifting seaweed
rafts with diameters over 3 m, of 2-3 m, and 1-2 m, respectively.
Triangles are groups of drifting seaweed rafts with diameters below
2 m. Dark stripe represents the path of Kuroshio Current (Source:
Hydrographic and Oceanographic Department of Japan Coast Guard,
2004)
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Table 3 Results for distributions of drifting seaweed rafts observed
along the transects on 9, 10, 12, and 15 March 2004

Table 4 Estimated wet weight mean for drifting seaweed rafts
observed along the transects on 9, 10, 12 and 15 March 2004

Date Length of Number Mean SD  Mean SD of Date Mean wet ~ Lower limit of wet ~ Higher limit of wet
transect ~ of rafts diam. of perpen.  perpen. weight (g)  weight of raft (g) weight of raft (g)
(km) (m) diam. dist. (m) dist. (m) of rafts

9 and 15 Mar 143.14 27 0.69 044 7.19 4.40 9&15 Mar 528 (91) 326 (56) 730 (126)

10 Mar 187.85 1887 0.79 0.58 11.46 8.51 10 Mar 701 (121) 335 (58) 1,066 (185)

12 Mar 183.10 50 0.66 044 848 10.46 12 Mar 480 (83) 278 (48) 682 (118)

diam Diameter of raft, perpen dist perpendicular distance

drifting seaweeds were found along the 10 March transect.
Since the 9 March and 15 March transects overlapped
(Fig. 3), we considered the results as one unique transect
(Table 3). The exponential model appears as a suitable
model to explain the relation between diameter (D;) and
wet weight (W) of drifting seaweed rafts: W,=1.2222
D?-0.0787D; (Fig. 4; R*=0.962). Combined with mean
diameter data for each transect, this relation enables to
estimate the mean wet weight for the drifting seaweed rafts
observed. Amongst transects, the mean wet weight was the
lowest along the 12 March transect (Table 4).

Generally receptacles are formed apically on a branchlet
in S. horneri. However, we found a branchlet growing from
the apex of mature receptacle of S. horneri during both
research cruises of May 2002 and March 2004 in the East
China Sea. Sargassum horneri found in the East China Sea
has a unique development feature different from those
distributed in near shore coastal waters.

Abundance and biomass of drifting seaweeds
May 2002

In May 2002, ESW values for all the transects ranged from
8.4 to 13.8 m, but on 11 May reached 18.0 m (Table 5), due

5-
W=1.2222 D?-0.0787 D;
B 4
x 4
&
2 5
)
-
& 21
o
2
5 17
=
0 T T T ,
0 0.5 1 1.5 2

Diameter of raft (m)
Fig. 4 Regression curve (R*=0.962) showing the relation between
diameter (D;) and wet weight () of drifting seaweeds rafts collected
during the R/V Hakuho Maru cruise, KH-04-1. This relation is
expressed by the equation: W,=1.2222 D;*~0.0787D;

Higher and lower values of wet weight of drifting seaweeds were
calculated using the standard deviation of the diameter of the rafts.
Numbers inside parentheses are dry weights calculated from wet
weights based on a relation between wet and dry weight of S. horneri
(Mikami 2007)

probably to extremely calm sea conditions. Raft densities of
drifting seaweed along the 12 and 19 May transects were
extremely high (Table 2, Fig. 5). No drifting seaweed was
observed in Kuroshio Current waters (Figs. 2 and 5). Mean
diameter and mean wet weight for drifting seaweed rafts
were the highest on 19 May (Tables 1 and 2). Similarly, this
transect displayed the highest standing crop (126.81 kg km >
wet weight (WW)) (Fig. 6). Using the relation between wet
weight and dry weight of S. horneri (Mikami 2007), wet
weight was converted into dry weight. Hence, the highest
standing crop equals 21.99 kg km 2 dry weight (DW). Total
biomass along this particular transect was estimated at
660.87 kg WW (observed area = 5.21 km ?).

March 2004

In March 2004, ESW values for the three transects ranged
from 9.6 m to 12.1 m (Table 6). Raft density was the

Table 5 Results for models applied to the distribution of drifting
seaweed rafts along each transect during May 2002 by the program
DISTANCE 4.1

Date  Model (key + AIC ESW n D Dict Dyt Dev

adjustment)

11 May Half 56.9 18.04 14 2.16 1.05 4.43 0.342
+Hermite

12 May Half 127.8 13.81 37 631 4.14 9.62 0210
+Hermite

14 May Unifo+Poly 2477 844 9 246 099 6.13 0412

15 May Unifo+Poly 8.6 1247 2 0.53 0.00 0.00 0.873

18 May Half 344 1247 10 1.98 0.83 4.71 0.398
+Hermite

19 May Half 107.6 1294 32 6.14 3.92 9.64 0.224

+Hermite

AIC Akaike’s Information Criteria, ESW effective strip width, n total
number of rafts within ESW, D density of rafts, Dy 1, lower confidence
limit of D, DycL upper confidence limit of D, Dcy coefficient of
variation of D Half, Unifo, Hermite and Poly are Half-normal,
Uniform, Hermite and Polynomial distributions, respectively

@ Springer



806

7 Appl Phycol (2008) 20:801-809

3z

1.98
18 May

6.14 /]

19 May

28

28

2

26

124"
Fig. 5 Estimated raft densities of drifting seaweeds (in bold; rafts
kmfz) along the observation transects (solid lines) in the East China
Sea during R/V Hakuho Maru cruises, KH-02-1 legl, in May 2002 (a)
and KH-04-1, in March 2004 (b). Dark stripe represents the path of
Kuroshio Current

highest along the 10 March transect (Table 3, Fig. 5). Mean
wet weight for this transect, M, equals 701 g. This was the
highest mean (Table 4). This transect displays the highest
standing crop (20.35 kg WW km?) (Fig. 6). This is
equivalent to 3.56 kg DW km ~. Total biomass along this
transect was estimated at 92.39 kg WW (observed area =
4.54 km 2).

Discussion

Some common characteristics between drifting seaweeds
collected in May 2002 and March 2004 occurred: most of
them were distributed in the East China Sea, between the
continental shelf and the oceanic front of the Kuroshio
Current (125-128 E, 28-31 N), and not in coastal waters.
This contradicts previous conclusions with regard to the
East China Sea (Senta 1965).

The number of drifting seaweed rafts in March 2004 was
greater than in May 2002, while the mean for drifting
seaweed diameter in May 2002 was significantly higher

@ Springer

than in March 2004. In the East China Sea, drifting
seaweeds consisted almost exclusively of S. horneri, which
are generally small in winter before growing up in spring,
when they mature along the Japanese coast (e.g., Umezaki
1984). Drifters, whose position was tracked by satellite,
attached to drifting seaweed rafts deployed near Chinese
coasts in March 2004, traveled up to waters located in the
east coast of Kyushu Island, under the influence of
Kuroshio Current, and Cheju Island, Korea, under the
influence of Tsushima Warm Current, where we lost contact
in June (Komatsu et al. 2007). Mikami (2007) reported that
drifting seaweeds keep on growing once detached from the
bottom, despite not being mature. Smaller sizes reported in
March 2004 are consistent with S. horneri living on the
benthic substratum around Japanese (e.g., Umezaki 1984)
and Chinese coastlines without the influence of warm water
brought from the Kuroshio Current. On the other hand, S.
horneri distributed along the coastline of Honshu Island
facing the Kuroshio Current matures in March when it
attains its maximum branch length (e.g., Mikami 2007).
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Fig. 6 Estimated standing crop of drifting seaweeds (kg WW km?)
along the observation transects (solid lines) during R/V Hakuho Maru
cruises, KH-02-1, in May 2002 (a) and KH04-1 in March 2004 (b).
Dark stripe represents the path of Kuroshio Current
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Table 6 Results for models applied to the distribution of drifting seaweed rafts along each transect during March 2004 by the program

DISTANCE 4.1 Abbreviations are identical to the ones in Table 5

Date Model (key + adjustment) AIC ESW n D DycL DuycL Dcv

10 Mar Half+Hermite 423.2 12.10 132 29.05 5.23 161.24 0.210
9&15 Mar Half+Hermite 88.2 11.34 28 8.63 5.35 13.91 0.236
12 Mar Half+Hermite 46.4 9.62 16 4.54 2.11 9.80 0.302

In 1959, Segawa et al. (1961b) investigated abundance
and distribution of drifting seaweed between north Kyushu
Island and Tsushima Island (Fig. 1). They used classes for
wet weight (below 1 kg, from 1 to 10 kg, from 10 to 50 kg,
from 50 to 100 kg) and estimated it through visual
observation. They also estimated standing crop of drifting
seaweeds at about 1,670 kg WW km 2 in June, when the
highest abundance of drifting seaweeds was observed. This
result is almost identical to Parr’s study (1939) (5,367 kg
WW nautical mile : 1,565 kg WW km ?) in Sargasso Sea,
using a neuston net. Yoshida (1963), who investigated
biomass of drifting seaweed around Japan from May to
June using the Segawa et al. (1961b) method, reported that
standing crop of drifting seaweed in south of Kyushu
(Fig. 1) was about 900 kg WW km ™2, about 100 kg WW
km 2 off Tohoku and about 500 kg WW km 2 around the
Noto Peninsula in the Sea of Japan. The differences in
standing crop estimation between our study and the
previous ones may be due to sampling method, as well as
the weight estimation method.

Mitani (1965b) estimated biomass of drifting seaweed
based on the relationship between the diameter of the
drifting seaweeds observed from an airplane and the
diameter/wet weight of drifting seaweeds sampled from
the research vessel. He estimated the standing crop at about
114.1 kg WW km 2 in the area located southeast off Goto
Archipelago (northern limit of East China Sea), about
101.1 kg WW km 2 in the area located between south of
Goto Archipelago and south of the Nagasaki Peninsula,
about 10.9 kg WW km ~ located in the area located north
of Koshiki Archipelago, and about 0.3 kg WW km 2 in the
area located south of Koshiki Archipelago (Fig. 1). Since
the estimation method used by Mitani (1965b), where the
airplane was maintained at constant altitude and speed, is
much more accurate than the one employed by Segawa et
al. (1961b) and Yoshida (1963), his estimation of standing
crop, though much smaller, looks more realistic.

In May 2002, south of Goto Archipelago, the standing
crop of drifting seaweeds was about 29.24 kg WW km 2,
and about 49.53 kg WW km ? in the area located between
Koshiki Archipelago and south Kyushu Island (Fig. 1). Our
estimation is almost equal to Mitani’s (1965b). This may
indicate that the method used by Buckland et al. (2001) and
Thomas et al. (2002) is efficient.

The highest standing crop of drifting seaweeds, in March
as in May, was located between the continental shelf and
the oceanic front of the Kuroshio Current (20.35 kg WW
km  in March and 126.81 kg WW km 2 in May). With
reference to current maps and buoys tracking data, these
drifting seaweeds are likely to come from Chinese coasts,
especially Zhejiang Province (Fig. 1), where Sargassum
beds were mainly composed of S. horneri (Komatsu et al.
2005). In May, the standing crop in this area is higher than
in March simply because S. horneri generally reaches its
maximum size (and biomass) in late spring (Umezaki 1984;
Komatsu et al. 2005) in areas without influence of warm
water brought by the Kuroshio Current in winter, such as
the coast of the Sea of Japan and west coast of the East
China Sea.

There was little difference in ESW between the two
sampling sessions. This suggests that visual surveys were
correctly conducted during both cruises. During both
cruises, a peak of seaweed biomass was recorded in the
center of East China Sea, where yellowtail and jack
mackerel larvae usually accompany drifting seaweeds in
spring and early summer (Konishi 2000).

Interestingly, as pointed out by Yoshida (1963),
drifting seaweeds did not appear in Kuroshio Current
waters but between the coast and the oceanic fronts in the
East China Sea. It is estimated that most of drifting
seaweeds are slowly transported to the east along the
Japanese coasts by weak coastal currents. Therefore,
yellowtail juveniles that accompany drifting seaweeds have
a high possibility of leaving them in coastal waters off
Honshu Island (Yamamoto et al. 2007) rather than in
offshore waters of the Pacific Ocean.

Drifting seaweeds were then found in the area, including
the continental coastal waters and the continental shelf part
of East China Sea, in February (Shojima 1981), March (this
study), April (Konishi 2000) and May (this study). The
origin of drifting seaweeds is partially clarified by Komatsu
et al. (2007). However, it is unknown where drifting
seaweeds found in February originate.

Our results suggest large amounts of drifting seaweeds
are distributed in the peripheral area of continental shelf
waters in the East China Sea. They are probably transported
from Chinese coasts. During the economic development of
Japan, seagrass and seaweed beds have been lost in
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nearshore shallow waters due to pollution and reclamation
(Komatsu 1997). In China, developing industries and
increasing population produce water pollution and need
land reclamation to build factories, ports and home sites,
especially in coastal waters as in those of Japan from the
1960s to 1980s. It is necessary to investigate and monitor
distribution, biomass and origin coasts of drifting seaweed
in the East China Sea in order to preserve and manage them
in a sustainable way.
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