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Effects of Testosterone on the Calanoid Copepod,
Acartia omorii Bradford

Khaled Hossain®, Takuo OMURA**, Seiichi TAREDA* and Takashi ISHIMARU**

Abstract : One of the most abundant calanoid copepod in Japanese coastal water, Acartia
omorii was used as a test organism for the endocrine disrupting agent, testosterone. Acute tox-
icity of testosterone to adult female of A. omorii was ascertained and the effect was time de-
pendent as ordinary toxic substances. Testosterone adversely affects on adult female
survivability at above 14 M, giving 96h-LCs of 8 u M. The effects of testosterone on egg pro-
duction and egg hatch success occur in concentrations higher than 0.1 and 2 ¢ M, respectively,
and the effects were not exposure-time dependent. Maternal exposure seems to give no effect on
egg hutching success. The test using the effect on egg production of A. omorii could be used as
highly sensitive method for monitoring the adverse effect of endocrine disruptor on the growth

of crustaceans.

Keywords : copepod, testosterone, survival, egg production, egg hatch

1. Introduction

Marine environmental contamination by en-
docrine disruptor has been widely studied.
Tributyltin (TBT) is the most commonly used
anti-biofouling agent which works as an in-
hibitor of androgenic metabolism resulting in-
crease of testosterone levels in neogastropods
to cause imposex (BETTIN et al., 1996). It also
affects on various invertebrates in marine envi-
ronment (see DEPLEDGE and BILLINGHURST,
1999). Recently, livestock wastes and municipal
wastewater are recognized as a source of
estrogens and testosterone (TASHIRO et al,
2003 ; FINLAY-MOORE et al., 2000) , thus the ad-
verse effects of natural endocrine disruptor on
marine organisms are also concerned.

Copepods are the dominant constituent of
the plankton in every sea area usually comprise
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at least 70% of the plankton fauna (RAYMONT,
1983) and thought as important primary con-
sumer in marine food chain. Therefore, endo-
crine disruptors might cause the catastrophic
damage to coastal ecosystem if they adversely
affect copepod production. Acartia spp. are the
most abundant calanoid copepods along the
cost of Japan (UEDA, 1986 ; YAaMAJI, 1956) ,
and A. omorii is strictly confined in brackish
waters and embayed water bodies (UEDA, 1987)
where pollutant materials could easily accumu-
late.

In this study, we tested the effects of testos-
terone on the adult survival, egg production
and egg hutch of Acartia omorii .

2. Materials and Methods

Test animal A. omorii was obtained from the
dock basin in Shinagawa campus of Tokyo Uni-
versity of Marine Science and Technology,
which is besides the canal connected to the in-
ner most part of Tokyo Bay. Zooplankton was
collected by a plankton net (200- ¢ m mesh size)
and a single gravid female of A. omorii was im-
mediately sorted and cultured in an egg-
collection tank filled with filtered (Whatman
GF/F glass fiber filter) and diluted seawater
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Fig. 1. Time course of survival percentages of adult females of Acartia omorii exposed to various concentrations

of testosterone.
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Fig. 2. Total egg production by a female of Acartia omorii exposed to various concentrations of testosterone
during 168 h exposure. a, b and ¢ denotes significant difference from each other (p<0.05) and no signifi-
cance in each symbol (ANOVA, Fisher’s LSD test)

by ultra pure water (milli @). The tank was
composed by an outer chamber of a drinking
glass and an inner chamber of 50-mm outer di-
ameter acrylic tube with 200- x m mesh nylon
netting bottom. As Inner diameter of the ta-
pered drinking glass at 3 cm from bottom is 50
mm, thus copepod eggs sink the space between
the two chambers. Collected eggs were then
moved into 1.5 L glass jar with seawater as
above. Experimental conditions were the same
in all observation including mass culture where
temperature was 201 °C ; salinity 25 ; light
dark cycle 12L : 12D with light intensity of 80—

90 # mole quanta m™s™'. Copepods were fed

Tetraselmis sp. and Isochrysis sp. (ca. 10,000
cells/ml, each) after 3 days and 7 days of the
initiation of the mass culture, and every 24 h
for adult survival and egg production experi-
ment.

Adult copepod survival observation

Bath administration of adult copepods were
conducted in exposure media with testosterone
(17 8 -hydroxy—4-androsten—3-one, Wako Pure
Chemicals, Ltd) concentrations of 0.01, 0.03,
0.1,0.35,0.7, 1, 2, 4 and 8 ¢ M in seawater. Each
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Fig. 3. Daily egg production by Acartia omorii ex-
posed to various concentrations of testoster-
one. Data are presented as means and
standard deviations in 10 replications.

concentration was prepared from initial solu-
tion of testosterone dissolved in ethanol. A con-
trol (seawater) and a solvent control (seawater
containing highest ethanol concentration used
in the test) experiment were also conducted.
One adult copepod was incubated in a 150 ml
glass jar filled with 100 ml exposure medium
and ten individuals were tested. Survivability
was checked at every 24-h interval for 2 weeks
using a stereoscopic microscope (Olympus,

S7Z40). Mortalities were recorded when no
movement were observed for the period of 60
seconds.

Egg production observation

Because A. omorii eat its own eggs (Liang et
al., 1994), usage of above mentioned egg collec-
tion tank is necessary for the separation of fe-
male from laid eggs. Randomly selected single
gravid female from mass culture was moved
into an egg collection tank with 150 ml expo-
sure medium. Laid eggs were collected in fol-
lowing procedure for every 24 h for a week.
First, the inner chamber was shut the top by
hand to leave 100 ml exposure medium, and
then shifted to another outer chamber with 50
ml new exposure medium. The eggs in the
outer chamber was collected and counted under
a stereoscopic microscope. Ten replication ex-
periments were conducted.

Egg hatching observation

10 gravid females randomly selected from the
mass culture stock were cultured in an egg col-
lection tank with exposure medium, and eggs
were collected at exposed periods of 1st, 3rd,
oth, Tth, 9th and 12th day. 20 eggs were moved
into each of 10 ml chamber of 6-well micro plate
filled with medium containing the same concen-
tration of testosterone in which the female co-
pepod was exposed. Hatched nauplii were
sorted and counted under a stereoscopic micro-
scope in every 24 h for 10 days.

3. Results and Discussion

Adult survivability is shown in Fig. 1. All ani-
mals survived to 5th, 6th and 9th day in con-
trol, solvent control (not shown) and 0.01 uM
testosterone concentration, and clear toxic ef-
fect was observed above 1 ¢ M. 50% lethal con-
centration (LCs) after 96 hours was 8 u M and
144-h LCs 4 ¢ M. ANDERSON et al., (2001) esti-
mated 48-h LCy and LCs of Acartia tonsa as 9
and 19 © M, respectively. Our result on A.
omorii is close to their results.

Total egg production per female decreased in
higher testosterone concentration than 0.1 z M,
however the effect was not significant among
0.1 and 4 M level (ca. 25% decrease; Fig. 2).
Relationship between the effects of testoster-
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Fig. 4. Hutching success of eggs from 1 to 12day exposed Acartia omorii to different concentrations of testos-
terone. Mean and standard deviation are shown. a and b denotes significant difference from each other
(p=<0.05) and no significance in each symbol (ANOVA, Fisher’s LSD test).

one to exposed periods is not clear (Fig. 3.) The
maximum lifetime of adult female of A. omorii
is 30 days at 20°C under culture condition and
field collected females kept laying eggs for 22
and 28 days at 21.7 and 19.7°C, respectively
(UYE, 1981). Daily egg production in each adult
female fluctuated, though, tendency was as fol-
lows ; low egg production in the most recently
ovigerous female, increased within a few days,
then kept fairy constant until half of the adult
stage, and then decreased with time and ceased
a few days before their death (see UvE, 1981).
10 gravid females used in our experiment were
randomly selected from mass culture, therefore
they can be ranged from the most recently
ovigerous one to old one close to their life-time.
Thus, insignificant decrease in egg production
for 7 days test period in control is reasonable.
Whereas, not clear decrease of egg production
with exposure period in higher testosterone
concentration (4 and 8 2 M) suggested that the
adverse effect on egg production is not time -
dependent.

Averages of hatching success of eggs from 1
to 12 day treated feamales of Acartia omorii in
various concentrations of testosterone are
shown in Fig. 4. Decreased egg hatch success
was observed from 1 day treatment in higher
concentrations of testosterone than 2 u M,
however the relationship between exposed

concentration and egg hatch success was not
clear (data not shown). Moreover, the effect
was not time-dependent as observed in egg pro-
duction. Because, egg hatch test was conducted
by exposing eggs in the same concentration of
testosterone to which gravid female was ex-
posed, it is suggested that testosterone only af-
fects egg hatch process and does not affect egg
itself through maternal exposure. Larval devel-
opment of A. tonsa by testosterone occurred at
concentrations (10% and 50% effective concentr
ation : 2.5 and 5 M) not much higher than
adult lethal concentrations and no other effect
than simple toxic effect was observed
(ANDERSON et al, 2001). MU and L BLANC
(2002) reported that testosterone elicits em-
bryo toxicity to daphnids by interfering the ac-
tivity of ecdysteroid which regulate the critical
process of embryo development. They also note
testosterone elicits direct toxicity to the
daphnid embryos and the maternal organism
can serve as the vector for exposure. In cope-
pod, maternal exposure seems to have no effect
on egg hatch process.

In this study, the acute toxicity of testoster-
one to adult female of A. omorii was ascer-
tained and the effect was time dependent as
ordinary toxic substances. Testosterone ad-
versely affects on adult female survivability at
above 1 ¢ M, giving 96 h-LCs of 8 u M. The
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effects of testosterone on egg production and
egg hatch success occur in concentrations
higher than 0.1 and 2 ¢ M, respectively, and the
effects were not exposure-time dependent. Ma-
ternal exposure seems to have no effect on egg
hutching success.

In crustaceans, the roles of steroid hormones
have not been fully elucidated. SUMMAVIELLE et
al., (2003) suggested through in vitro incuba-
tion of ovary and hepatopancreas of penaeid
shrimps, that steroid hormones have physio-
logical role in the maturation cycle. On the con-
trary, testosterone 1is thought to elicit
adversely effects not as androgen but as an an-
tagonist of ecdysteroids (Mu and LEBLANC,
2002) , and synthetic estrogenic agent such as
endsulfan and diethyl bestrol also act as an-
tagonists of ecdysteroids (ZoU and FINGERMAN,
1997). Inhibition of egg production by A.
omoril was occurred at much lower concentra-
tion of testosterone than the lethal concentra-
tion. Therefore, testosterone might act as
endocrine disruptor not as a simple toxic agent.
Egg production test using A. omorii could be a
good biological model for assessing the possible
endocrine disruptor in coastal environment.
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Dioxin concentrations in marbled sole collected from
Sendai Bay, Japan

Yutaka OKUMURA', Youichi Kouno?, Takashi Kamryama', Toshiyuki SUZUKT',

and Yoh YAMASHITA®

Abstract : The concentrations of dioxins [polychlorinated dibenzo-p-dioxins (PCDDs), poly-
chlorinated dibenzofurans (PCDFs), non-ortho polychlorinated biphenyls (non-ortho PCBs),
and mono-ortho polychlorinated biphenyls (mono-ortho PCBs)] in marbled sole
(Pseudopleuronectes yokohamae) collected from Sendai Bay, Japan, were measured using high-
resolution gas chromatography-mass spectrometry. The relationship between the concentra-
tions of these compounds (dioxins) and the body length of marbled sole was examined. Among
the PCDD/F congeners, 1,3,6,8- and 1,3,7,9-TeCDD, and OCDD occur as impurities in chlorin-
ated pesticides, and some 2,3,7,8- substituted congeners tend to bioaccumulate in marbled sole.
Co-PCB congener concentrations were higher than those of PCDD/F congeners, and PCB #118
and PCB #105 concentrations were higher than those of other Co-PCB congeners. Several di-
oxin congeners were significantly correlated with marbled sole body length, and polynomial re-
gressions tended to have better fits than linear regressions. Although dioxin concentrations in
marbled sole increased with increasing total length in fish with short to medium total lengths,
they decreased with increasing total length in medium to long fish. Further, the TEQ values of
Co-PCBs accounted for more than 50% of sum of TEQ values for all dioxins. The investigation

of Co-PCB concentrations is important from the point of view of risk assessment.

Keywords : dioxin congeners, monitoring, bioaccumulation, marbled sole, Sendai Bay,

total length

Introduction

Several  congeners of  polychlorinated
dibenzo-p-dioxins (PCDDs), polychlorinated
dibenzofurans (PCDFs), and coplanar poly-
chlorinated biphenyls (Co-PCBs) are highly
toxic to organisms (MOCARELLI et al., 1996).
For Asians, fish and shellfish are thought to be
the major route of intake of PCDDs, PCDFs,
and Co-PCBs (dioxins) (TAKAYAMA et al.,
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Fisheries Research Agency, 3-27-5 Shinhama,
Shiogama, Miyagi 985-0001, Japan

2 Japan Food Research Laboratories,
Nagayama, Tama, Tokyo 206-0025, Japan
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Nagahama, Maizuru, Kyoto 6256-0086, Japan
(*author for correspondence, e-mail okumura@
affrc.go.jp, tel. © +81-22-365-9933 ; fax : +81-22~
367-1250)

6-21-6

1991, TovyopA et al, 1999, TsuTsuml et al,
2001). To assess risk from dioxins, marine or-
ganisms have been monitored (LING et al.,
1995, IIMURA et al., 2002, NAITO et al., 2003,
GURUGE and TANABE, 2004).

We investigated dioxin concentrations in
Sendai Bay, northeastern Japan. Dioxin conge-
ners that occur as impurities in agricultural
chemicals (YAMAGISHI et al., 1981, MASUNAGA
et al., 2001) are predominant in seawater and
sediment there (OKUMURA et al., 2003, 2004a).
Accumulation through the marine food web in
fish of the predominant PCDD/F congeners
has been lower than that in invertebrates
(OKUMURA et al., 2003, 2004b), and the pre-
dominant PCDD/F congeners have accumu-
lated less than Co-PCB congeners in Japanese
flounder (Paralichthys olivaceus) in relation to
total length (OKUMURA et al., 2004c).
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Sendai Bay is a fishery for both marbled sole
(Pseudopleuronectes yokohamae) and Japanese
flounder. The total amount of marbled sole
landed in Miyagi Prefecture from Sendai Bay
in 2001 was about 4640 t. Marbled sole is one of
the important fish resources of fisheries in
Sendai Bay. Although marbled sole is in the
same order as Japanese flounder, the diet of
marbled sole (invertebrates such as the sand
worm) is different from that of Japanese
flounder (small fishes such as Japanese an-
chovy and sand lance ; OcHial, 1966, OMORI,
1974, YAMADA et al., 1998). Therefore, it is nec-
essary to investigate the influence of diet on di-
oxin concentrations in different fish species.

In this study, the concentrations of PCDD,
PCDF, and Co-PCB congeners in marbled sole
from Sendai Bay were determined by high-
resolution gas chromatography/high-resolu-
tion mass spectroscopy (HRGC/HRMS). First,
we examined the composition and concentra-
tion of dioxins in marbled sole, and then we
compared the relationship between total length
of marbled sole and dioxin concentrations with
that in Japanese flounder in order to investi-
gate the influence of diet on the concentrations
of dioxins in fish.

2. Materials and methods

The procedures for sampling, chemical
analysis of dioxins, statistical manipulation of
data, and calculation of TEQ are described in
our previous report (OKUMURA et al., 2004c). In
this study, data on the marbled sole (n = 4,
body length ; 26.6, 28.2, 28.5, and 32.8 cm) pre-
viously described (OKUMURA et al., 2003) were
used in the analysis of dioxin concentration
and body size.

2.1. Sampling

Marbled sole were collected in Sendai Bay,
Japan, in November 2000 with a bottom trawl
net (n = 8, the body lengths are shown in the
Appendix). After the total lengths of the fish
were measured, the fish were frozen at —20°C
until chemical analysis.

2.2. Analysis of PCDDs, PCDFs, and Co-PCBs
(Dioxins)
The concentrations of PCDDs and PCDFs

bearing from 4 to 8 chlorines and the concen-
trations of Co-PCB congeners in whole-body
samples (including head and fins) were deter-
mined. Briefly, the methods are as follows.

2.2.1. Preparation of analytical samples

The frozen whole-body samples were ho-
mogenized, weighed (100 g), spiked with a “C-
labeled internal standard (40 pg, TeCDD/Fs-
HxCCDD/F's analysis ; 200 pg, OCDD/F analy-
sis ; 400 pg, non-ortho PCBs analysis ; 1000 pg,
mono-ortho PCBs analysis), saponified with
300 mL of potassium hydroxide (2 mol/L) and
150 mL of methanol for 8-12 h, and then ex-
tracted 3 times with hexane. The hexane ex-
tracts were washed with sulfuric acid until no
color was visible in the sulfuric acid layer, and
the extracts were then concentrated again
prior to HRGC/HRMS analysis.

2.2.2. Clean-up column chromatography

The extract of each sample was then poured
through a column of silica gel (2 g, baked at
130 °C for 3 h) and eluted with 200 mL of hex-
ane. The eluate was poured through a column
of alumina (15 g, basic), rinsed with 150 mL of
hexane, and eluted with 200 mL of dichlorome
thane : hexane (2 : 98, mono-ortho PCBs anal-
ysis ; or 60 : 40, PCDD/Fs and non-ortho PCBs
analysis). The eluate of PCDD/Fs and non-
ortho PCBs was poured through an activated-
carbon column (0.5 g, drying column), rinsed
with 100 mL of dichloromethane : hexane (5 :
95), and eluted with 250 mL of toluene. The fi-
nal eluate purified by column chromatography
was concentrated and subjected to congener-
specific analysis by HRGC/HRMS on an
AutoSpec Ultima spectrometer (Micromass
Ltd., UK).

2.2.3. HRGC/HRMS analysis

Tetra- to hexachlorodibenzo-p-dioxin and -
dibenzofuran congeners were analyzed on an
SP-2331 column (¢0.32 mm X 60m) (Sigma-
Aldrich). Hepta- to octachlorodibenzo-p-dioxin
and -dibenzofuran congeners and tetra-
chlorobiphenyls were analyzed on a DB-17 col-
umn (¢0.32 mm X60m) (J&W Scientific).
Non-ortho and mono-ortho penta- to
heptachlorinated biphenyls were analyzed on
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DB-17 (J&W Scientific) and HT8 (¢0.22 mm
X50m) (SGE) columns, respectively. The tem-
perature program for the analysis using the SP
-2331 column was 150°C for 1 min, 15°C/min to
200°C, hold for 5 min, 2°C/min to 250°C, and
then hold for 30 min. The temperature pro-
gram for the DB-17 column was 150°C for 1
min, 15°C/min to 270°C, and then hold for 20
min. The temperature program for the HT8
column was 160°C for 1 min, 15°C/min to 220°C,
hold for 5 min, 2°C /min to 270°C, and then hold
for 5 min. The temperatures of the injector and
ion source were both 260°C. Mass spectrometry
was performed in electron impact (EI) mode.
The voltage and current of the electron-impact
ionization energy were 30 eV and 500y A, re-
spectively. The mass spectrometer was oper-
ated at a resolution of 10,000. The detection
limits for the tetra-, penta-, hexa-, hepta-, and
octachlorinated PCDD/F congeners in the sam-
ples were 0.05, 0.05, 0.1, 0.1, and 0.2 pg/g wet
weight (ww). The detection limits of Co-PCBs
in the samples were 0.1 pg/g ww, respectively.

2.3. Data analysis
2.3.1. Box plot and t tests

Values below the detection limits were set at
0 pg/g ww. Box plots of dioxin profiles of mar-
bled sole were created with SPSS 11.5J for a
Windows-based system (SPSS Inc., Chicago,
IL, USA). T tests (SPSS 11.5J) were used to
compare total length between marbled sole and
Japanese flounder samples.

2.3.2. Calculation of the relationship between
dioxin concentration and total length by
linear regression
The coefficients of determination (r*) and the

pvalues (p) for the relationship between the di-

oxin concentrations and marbled sole total

lengths were calculated by simple linear regre-
ssion . concentration of dioxin congener (pg/g
ww) = ax + b, where x is the total length

(cm), a the slope, and b the intercept. Polyno-

mial regressions were also conducted : y =a;x’

+ ax + b, where vy is the concentration of the

dioxin congener (pg/g ww), x the total length

(em), a the slope, and b the intercept. Because

polynomial regression provided a better fit

than linear regression, when the relationship

between x and y was nonlinear. The linear and
polynomial regressions were conducted with
Excel XP (Microsoft).

2.4. Calculation of toxic equivalency quotient
(TEQ) values

The values below detection limits were set to
zero. The average TEQ of each biological sam-
ple was calculated by using the toxic equiva-
lency factors (TEF) for humans/mammals
provided by the World Health Organization
(VAN DEN BERG et al., 1998).

3. Results and Discussion
3.1. Total lengths and fat concentration of
marbled sole and Japanese flounder

The total length of marbled sole ranged from
15.2 to 32.8 cm (Appendix, OKUMURA et al.,
2003), and that of Japanese flounder from 11.7
t0 36.6 cm (OKUMURA et al., 2004c), but the dif-
ference was not significant (¢ test ; p > 0.05).
The marbled sole total lengths used in this
study were therefore similar to those of Japa-
nese flounder reported previously.

Fat concentrations of four marbled sole (29.0
+ 2.66 ; average length £ S.D.) and four Japa-
nese flounder (35.4 = 0.81), which were caught
in 1999 (OKUMURA et al., 2003, 2004c), were de-
termined. The average fat concentration of
marbled sole (3.7% = 0.22 ; average £ S.D.)
was about 1.5 times that of Japanese flounder
(2.5% = 0.41), but both values were similar to
the average fat concentration of sea bass, and
they are lower than that of conger eel by one
order of magnitude (IIMURA et al., 2002).

3.2. Dioxin concentrations in marbled sole

and Japanese flounder

In marbled sole, average dioxin concentra-
tions were 7.2 pg/g ww for PCDDs, 2.7 pg/g
ww for PCDFs, 23.2 pg/g ww for non-ortho
PCBs, and 1070.1 pg/g ww for mono-ortho
PCBs (Fig. 1 and Appendix). On the other
hand, in Japanese flounder, they were 3.1 pg/g
ww for PCDDs, 1.0 pg/g ww for PCDFs, 14.1
pg/g ww for non-ortho PCBs, and 887.2 pg/g
ww for mono-ortho PCBs. Total PCDDs,
PCDFs, non-ortho PCBs, and mono-ortho PCBs
were higher in marbled sole than in Japanese
flounder, and the difference was significant
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Fig. 1a, 1b. Box plots of total PCDDs, PCDF's in marbled sole (n = 12) and Japanese flounder (n = 11). The
horizontal line in each box plot indicates the median, the box extends from the 25th to the 75th percentiles,
and the whiskers extend to the 10th and 90th percentiles. The data for Japanese flounder and four data
points for marbled sole are from OKUMURA et al., (2003, 2004c).
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Fig. 1¢, 1d. Box plots of total non-ortho PCBs, and mono-ortho PCBs in marbled sole (n = 12) and Japanese
flounder (n = 11). The horizontal line in each box plot indicates the median, the box extends from the 25th
to the 75th percentiles, and the whiskers extend to the 10th and 90th percentiles ; the symbol O indicates
outliers. The data for Japanese flounder and four data points for marbled sole are from OKUMURA et al.,
(2003, 2004c).
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(p < 0.05) for PCDDs, PCDFs, and non-ortho
PCBs (Fig. la-1c). Marbled sole is known to
prey mainly on invertebrates such as sand
worms, whereas Japanese flounder is known to
prey mainly on small fishes such as Japanese
anchovy and sand lance (OcHral, 1966, OMORI,
1974, YAMADA et al, 1998). Average dioxin
concentrations in sand worm (1540 pg/g ww ;
OKUMURA et al., 2004b) are higher than those
in Japanese anchovy (730 pg/g ww ; OKUMURA
et al., 2003) and sand lance (560 pg/g ww ;
OKUMURA et al., 2004b). Thus, dioxin concen-
trations are higher in the diet of marbled sole
than in that of Japanese flounder. We expected
that dioxin concentrations would be higher in
marbled sole than in Japanese flounder.

Irrespective of total length, dioxin concentra-
tions in marbled sole decreased in the order to-
tal mono-ortho PCBs > total non-ortho PCBs >
total PCDDs > total PCDFs. This result is con-
sistent with that for Japanese flounder
(OKUMURA et al., 2004c). We inferred thought
that bioaccumulation properties were similar
in marbled sole and Japanese flounder as same
order.

3.3. Dioxin congeners in marbled sole

The PCDD congener with the highest concen-
tration in marbled sole was 1,3,6,8-TeCDD
(4.95 pg/g ww), and concentrations decreased
in the order 1,2,3,7,8-PeCDD (0.47 pg/g ww) >
OCDD (0.45 pg/g ww) > 1,2,3,6,7,8-HeCDD
(0.39 pg/g ww) > 1,2,3,4,6,7,8-HxCDD (0.24
pg/g ww) > 1,3,7,9-TeCDD (0.22 pg/g ww ;
Fig. 2a). Among these PCDD congeners, 1,3,6,
8-and 1,3,7,9-TeCDD occur as impurities in the
chlorinated pesticide chlornitrophen (CNP ;
Y AMAGISHI et al., 1981, MASUNAGA et al., 2001),
and OCDD occurs as an impurity in the chlo-
rinated pesticide pentachlorophenol (PCP ;
MASUNAGA et al., 2001). These three congeners
are the predominant PCDD congeners in sedi-
ment and seawater in Sendai Bay (OKUMURA et
al., 2003, 2004a). Therefore, we expected that
the concentration of these three congeners
would also be high in marbled sole. In contrast,
1,2,3,7,8-PeCDD, 1,2,3,6,7,8-HeCDD, and 1,2,3,4,
6,7,8-HxCDD are less abundant PCDD conge-
ners in sediment and seawater in Sendai Bay ;
the concentrations of these three congeners are

much lower than those of 1,3,6,8- and 1,3,7,9-
TeCDD and OCDD, or they are below the detec-
tion limit (OKUMURA et al., 2003, 2004a).
However, bioaccumulation of 2,3,7,8-
substituted PCDD congeners (such as 1,2,3,7,8-
PeCDD) in fishes is thought to be higher than
that of non-2,3,7,8-substituted PCDD conge-
ners (such as 1,3,6,8-TeCDD ; SwM et al,
1993), thus explaining the high concentrations
of 1,2,3,7,8-PeCDD, 1,2,3,6,7,8-HeCDD, and 1,2,
3,4,6,7,8-HxCDD among PCDD congeners in
marbled sole.

Although the concentrations of all PCDF
congeners were lower than that of 1,3,6,8-
TeCDD, the concentrations of 2,3,7,8-TeCDF
(0.68 pg/g ww) and 2,3,4,7,8-PeCDF (0.44 pg/g
ww) were higher than those of 1,3,7,9-TeCDD,
1,2,3,7,8-PeCDD, 1,2,3,6,7,8-HeCDD, or 1,2,3,4,
6,7,8-HxCDD in marbled sole (Fig. 2b). Con-
centrations of 2,3,7,8-TeCDF and 2,3,4,7,8-
PeCDF are low in sediment and seawater of
Sendai Bay, usually below the detection limit
(OKUMURA et al., 2003, 2004a), but the PCDF
congeners 2,3,7,8-TeCDF and 2,3,4,7,8-PeCDF,
as well as 1,2,3,7,8-PeCDD, 1,2,3,6,7,8-HeCDD,
and 1,2,3,4,6,7,8-HxCDD, are 2,3,7,8-
substituted PCDD/F congeners. The
bioaccumulation of 2,3,7,8-substituted PCDF
congeners such as 2,3,7,8-TeCDF in fishes is
also thought to be higher than that of non-2,3,
7,8-substituted PCDF congeners (SIJM et al.,
1993). As a result, the concentrations of 2,3,7,8-
TeCDF and 2,3,4,7,8-PeCDF were compara-
tively high in marbled sole.

The concentration of PCB #118 (average,
695.8 pg/g ww) was highest among dioxin con-
geners in marbled sole, and the next most
abundant PCB congener was PCB #105 (200.0
pg/g ww) (Fig. 2¢). In agreement with this re-
sult, these Co-PCB congeners were previously
found to be predominant in biological samples
(IIMURA et al., 2002, KUMAR et al., 2001, NAITO
et al., 2003, WaN et al., 2005). They were also
predominant in commercial PCB products such
as Kanechlor (TAKASUGA et al, 1995) and in
environmental samples such as river sediment
(HATTORI et al., 2004), exhaust gas of incinera-
tor (SAKAI et al, 1996), air and deposition at
Yokohama (KM et al., 2004), and seawater and
marine sediment (IIMURA et al., 2002). The



Dioxin concentrations in marbled sole collected from Sendai Bay, Japan 81

12468/12479-PeCDD

12368-PeCDD{

12379-PeCDDy
12469/12347-PeCDD

geners

123468/124679/124689-HeCDD
123679/123689-HeCDDy

PCDD con

123789-HeCD l

12378-PeCDDI{H

123478-HeCDDy
123678-HeCDD{fH

5 10 15
concentration (pg/g ww)

Fig. 2a. Box plots of PCDD congeners in marbled sole. Four data points for marbled sole are from OKUMURA et

al., (2003).

concentrations of these PCB congeners in sedi-
ment and seawater of Sendai Bay are higher
than those of PCDD/F congeners (OKUMURA et
al., 2003, 2004a). Moreover, absorption efficien-
cies are similar among PCB congeners (NIIMI,
1996), and Co-PCB congeners are thought to
bioaccumulate in fishes more than PCDD/F
congeners. Therefore, it was expected that PCB
#118 and PCB #105 would be predominant in
marbled sole.

3.4. Relationships between total length and
the concentration of dioxin congeners
Relationships between total length and di-

oxin concentrations are shown in Table 1 and

Fig. 3. The concentrations of one PCDD conge-

ner (OCDD), five PCDF congeners (2,3,7,8-, 2,

3,6,7-TeCDF, 1,3,4,6,8-, 1,2,3,6,7-, and 2,3,4,6,7-

PeCDF), and one non-ortho PCB (PCB #77)

showed a significant linear correlation with to-

tal length (7 = 0.36-0.54, p < 0.05). The slopes

of the regression lines were positive (0.006—

0.71) for the five PCDFs and the non-ortho

PCB, but negative (-0.029) for OCDD. The re-

lationships of two PCDD congeners (1,2,3,7,8-

PeCDD and OCDD), 13 PCDF congeners (1,3,7,

8/1,3,7,9-, 2,3,7,8-, 2,3,6,7-TeCDF, 1,3,4,6,8-, 1,2,

3,6,8/1,3,4,7,8-, 1,2,3,4,8/1,2,3,7,8-, 1,2,3,6,7-, 2,
3,4,78- and 2,3,4,6,7-PeCDF, and 1,2,3,4,6,7-
HeCDF) and three non-ortho PCB congeners
(PCB #77, PCB #126, and PCB #169) to total
length could be correlated by using polynomial
expressions. The correlation coefficients (7*)
ranged from 0.35 to 0.71 and were significant
(p < 0.05; Table 1 and Fig. 3). Polynomial ex-
pressions showed a better fit than linear ex-
pressions for most congeners. On the other
hand, no mono-ortho PCB congeners could be
correlated with total length by either linear or
polynomial expressions (* < 0.26, p > 0.05).

Previously, OKUMURA et al., (2004c) reported
that linear rather than polynomial regression
resulted in more significant correlations be-
tween the concentrations of dioxin congeners
in Japanese flounder and total length. Moreo-
ver, the mean concentration of all Co-PCB con-
geners in Japanese flounder was also
significantly linearly correlated with total
length (* = 0.55 and 0.88 ; p > 0.05). Thus, the
results for marbled sole are not consistent with
those for Japanese flounder (OKUMURA et al.,
2004c).

It is difficult to explain why a linear relation-
ship to total length was found for fewer
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Fig. 2b. Box plots of PCDF congeners in marbled sole. Four data points for marbled sole are from OKUMURA et

al., (2003).

congeners in marbled sole. As fish grow, their
rate of growth 1is thought to decrease
(YAMASHITA et al, 2001), and the
bioconcentration of chemicals by fish is also
thought to decrease as they grow (SCHIMMEL et
al., 1977). Thus, bioaccumulation of dioxin con-
geners in marbled sole may decrease as their
total length increases. As a result, the slopes of
regression lines would tend to be positive when
total length is short (small body size), and
they would tend to become negative as total
length increases. This may explain the better
fit of polynomial expressions than linear ex-
pressions to this relationship in the case of
most congeners. Further, dioxin concentra-
tions are higher in the diet of marbled sole than
in that of Japanese flounder (OKUMURA et al.,
2003, 2004b). Several dioxin congeners may
therefore reach equilibrium faster in marbled

sole than in Japanese flounder. The reason why
no mono-ortho PCB congeners could be corre-
lated by linear or polynomial expressions with
total length may be related more to the avail-
ability of different types of prey than to the
bioaccumulation properties of mono-ortho PCB
congeners in marbled sole, because dioxin con-
centrations in sand worm are higher than
those in marbled sole (a predator of sand
worm), whereas those in sand lance and Japa-
nese anchovy are lower than those in Japanese
flounder (OKUMURA et al., 2003, 2004b, 2004c).

3.5. Toxic equivalency (TEQ) values

The whole-body total TEQ values ranged
from 0.68 to 2.9 pg TEQ/g ww for marbled sole
(Appendix) and from 0.73 to 1.78 pg TEQ/g
ww for Japanese flounder (OKUMURA et al.,
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Table 1. Equation parameters for the relationship between body length of marbled sole and the
concentrations of PCDD/Fs and mono-ortho PCBs.

y=ax+b y=aix+a:;x+b

a b r? a b c r
1368 —TeCDD 0.19 0.37 0.19 —0.017 0.27 —0.52 0.19
1379—TeCDD -0.072 0.39 0.07 0.0002 —0.017 0.5 0.07
2378 —TeCDD 0.0012 0.07 0.05 —0.0005  0.026 —0.21 0.28
12468/12479—PeCDD 0.001 —0.013 0.05 —0.0002  0.011 —0.12 0.09
12368 —PeCDD 0.0006 0.13 0.0009  —0.0007  0.032 —0.22 0.03
12379—PeCDD 0.0014 —0.025 0.08 —0.00003  0.003 —0.04 0.08
12469,/12347—PeCDD 0.001 —0.017 0.07 —0.00003  0.0025 —0.034 0.08
12378 —PeCDD 0.0067 0.31 0.02 —0.007 0.33 —-3.3 0.47
123468/124679/124689—HeCDD 0.0021 —0.024 0.07 —0.0006 0.03 —0.35 0.21
123679/123689 —HeCDD —0.0002 0.014 0.002 —0.0004 0.017 —0.17 0.12
123478 —HeCDD 0.00006 0.049 0.00001 -0.018 0.085 —0.89 0.24
123678 —HeCDD 0.0061 0.24 0.02 —0.0054 0.26 —2.55 0.35
123789 —HeCDD 0.0018 0.016 0.02 —0.014 0.066 —0.69 0.23
1234679 —HxCDD —0.0033 0.11 0.14 0.0004 —0.02 0.29 0.18
1234678 —HxCDD 0.0037 0.15 0.07 —0.0006 0.03 —0.14 0.11
OCDD —0.029 1.14 0.37 —0.0009 0.012 0.69 0.38
1368 —TeCDF 0.0043 —0.067 0.28 0.0002 —0.064 0.051 0.29
1378/1379 ~ TeCDF 00028  —0.05 032  0.0002 —0.0052 0.038  0.35
1347~ TeCDF 0.0004 —00059 003  —00001 00061 —0.069  0.08
1468 — TeCDF 00048  —0.08 027 00002 —0.0035 0.007  0.28
1247/1367 —TeCDF 0.0007 -0.012 0.07 —0.00002  0.0018 —0.024 0.08
1346/1248 — TeCDF 00012  —0.02 01  —00002 0009  —0I1 0.5
2468/1238/1467/1236—TeCDF  0.0022  0.017 006  0.0001 —0.0035 0.079  0.06
2378 —TeCDF 0.028  0.007 036  —0.0059 0.3  —3.06 0.7
2367 —TeCDF 0.0082 —0.12 0.56 —0.0003 0.02 —0.25 0.58
13468 —PeCDF 0.0055 —0.099 0.4 0.0002  —0.0025 —0.0097 0.41
12468 —PeCDF 0.0067 —0.069 0.32 —0.0002 0.16 —0.17 0.33
12368,/13478 —PeCDF 0.012 —0.059 0.31 —0.0019 0.1 —1.06 0.49
12478 —PeCDF —0.001 0.042 0.05 0.00001  —0.0017 0.049 0.05
12479/13467 - PeCDF 0.0042 —0.055 0.22 —0.00001  0.0048 —0.062 0.22
12467 —PeCDF 0.0005 --0.0071 0.03 ~0.0001  0.0073 —0.082 0.08
12348/12378 — PeCDF 0.0083 —0.053 0.22 —0.0022 0.11 —1.21 0.59
12367—PeCDF 0.006 —0.077 0.42 —0.0007 0.037 -~ 0.42 0.53
23478 - PeCDF 0.0071 0.27 0.02 —0.0079 0.38 —3.83 0.44
23467 —PeCDF 0.0063 —0.08 0.43 —0.0004 0.023 —0.27 0.46
134678,/134679—HeCDF 0.0059 —0.066 0.2 —0.0007 0.037 —0.41 0.25
123478/123479 — HeCDF —0.0005 0.06 0.0009 —0.0014 0.064 —0.66 0.17
123678 —HeCDF 0.0014 0.043 0.006 —0.0014  0.066 —0.67 0.15
124689 —HeCDF —0.0022 0.68 0.04 —0.0006 0.028 —0.26 0.12
123467 —HeCDF 0.0062 —0.0039 0.19 —0.0012 0.06 —0.6 0.35
234678 —HeCDF 0.0065 0.063 0.08 ~0.0014 0.073 —0.67 0.17
1234678 —HxCDF 0.0011 —0.009 0.02 —0.0004  0.021 —0.24 0.12
1234689 — HxCDF —0.004  0.15 011 —0.00009 0.00001 0.1 0.12

OCDF — — — - — - —
2,3,3',4,4'—PeCB (#105) —4.02 294.83 0.05 ~0.44 16.6 66 0.07
2,3,4,4',5—PeCB (#114) —0.47 25.54 0.17 —0.035 1.19 7.13 0.19
2,3',4,4',5—PeCB (#118) —18.92 1142.2 0.09 —2.18 83.4 6.66 0.12
2',3,4,4'5—PeCB (#123) —0.17 18 0.03 —0.051 2.23 —8.65 0.09
2,3,3,4,4' 5—HeCB (#156) —2.04 121.63 0.13 —0.34 14.1 —57.47 0.22
2,3,3',4,4',5'~HeCB (#157) —0.06 22.24 0.002 —0.12 5.73 —42 0.21
2,3,4,4',5,5 —HeCB (#167) —0.68 59.66 0.05 —0.23 10.33 —62.43 0.18
2,3,3,4,4',5,5—HxCB (#189) —0.07 9.85 0.02 —0.05 2.3 —16.39 0.26

bold and italic ; r* is significant
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Appendix. PCDD, PCDF, and Co-PCB concentrations and TEQs in marbled sole (Pseudopleuronectes

yokohamae).
2000-1  2000-2  2000-3  2000-4 2000-5 2000-6  2000-7  2000-8
body length (cm) 15.2 16.35 17.5 20 20.8 22.8 25.8 28.6
1368 —TeCDD 2.1 4.6 6.3 2.6 2.6 3.4 5.4 5.9
1379—TeCDD 0.26 0.37 0.3 0.2 0.09 0.2 0.27 0.59
2378—TeCDD 0.07 0.06 0.13 0.08 0.08 0.13 0.12 0.1
__total TeCDD 2.43 5.03 6.73 2.88 2.71 3.73 5.79 6.59
12468,/12479—PeCDD N.D. N.D. N.D. N.D. N.D. 0.05 N.D. 0.08
12368 —PeCDD 0.12 0.16 0.18 0.08 0.07 0.23 0.22 0.43
12379 —PeCDD N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.1
12469/12347—PeCDD N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
12378 —PeCDD 0.17 0.17 0.54 0.32 0.51 0.98 1 0.44
o total PeCDD 0.29 0.33 0.72 0.4 058 126 1.22 1.05
123468/124679/124689— HeCDD N.D. N.D. N.D. N.D. N.D. 0.1 N.D. 0.1
123679/123689 — HeCDD N.D. N.D. N.D. N.D. N.D. 0.1 N.D. N.D.
123478 —HeCDD N.D. N.D. N.D. N.D. 0.2 0.1 0.3 N.D.
123678 —HeCDD 0.1 0.2 0.5 0.2 04 0.8 0.9 0.4
123789~ HeCDD N.D. N.D. 0.1 N.D. N.D. 0.2 0.2 N.D.
total HeCDD 0.1 0.2 0.6 0.2 0.6 1.3 1.4 0.5
1234679—HxCDD 0.1 0.1 N.D. N.D. N.D. 0.1 N.D. 0.1
1234678 —HxCDD 0.2 0.2 0.3 0.1 0.2 0.3 0.3 0.3
total HxCDD 03 0.3 0.3 0.1 0.2 0.4 0.3 04
- ~ OCDD 0.7 0.8 0.6 0.3 04 0.6 0.6 0.7
total PCDDs 3.82 6.66 8.95 3.88 4.55 7.29 9.31 9.24
1368 — TeCDF N.D. N.D. 0.05 N.D. N.D. N.D. N.D. N.D.
1378/1379 —TeCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1347—TeCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1468 — TeCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1247/1367—TeCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1346,/1248 — TeCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
2468/1238/1467 /1236 — TeCDF N.D. 0.09 0.12 0.05 N.D. 0.07 0.05 0.11
2378 —TeCDF 0.27 0.3 0.62 0.55 0.41 1 1 0.82
2367—TeCDF N.D. N.D. 0.08 N.D. N.D. 0.09 0.07 0.11
total TeCDF 0.27 0.39 0.87 0.6 0.41 1.16 1.12 1.04
13468 — PeCDF N.D. N.D. N.D. N.D. N.D N.D. N.D. N.D.
12468 — PeCDF N.D. 0.05 0.12 0.05 N.D 0.07 0.08 0.11
12368/13478 — PeCDF 0.06 0.08 0.21 0.13 0.08 0.45 0.25 0.23
12478 — PeCDF N.D. 0.05 0.06 N.D. N.D N.D. 0.05 0.05
12479/13467 - PeCDF N.D. N.D. 0.07 N.D. N.D 0.08 N.D. 0.05
12467 — PeCDF N.D. N.D. N.D. N.D. N.D N.D. N.D. N.D.
12348 /12378 — PeCDF N.D. N.D. 0.15 0.08 0.1 0.31 0.28 0.13
12367 — PeCDF N.D. N.D. 0.06 N.D. N.D. 0.15 0.09 0.09
23478 —PeCDF 0.13 0.13 0.39 0.23 0.76 0.83 1.2 0.32
23467 —PeCDF N.D. N.D. 0.1 N.D. N.D. 0.13 0.06 0.09
total PeCDF 0.19 0.31 1.16 0.49 0.94 2.02 2.01 1.07
134678/134679—HeCDF N.D. N.D. 0.1 N.D. N.D. 0.2 0.1 N.D.
123478/123479 - HeCDF N.D. N.D. 0.1 N.D. N.D. 0.3 0.1 N.D.
123678 —HeCDF N.D. N.D. 0.2 N.D. N.D. 0.2 0.2 N.D.
124689 —HeCDF N.D. 0.1 0.2 0.1 0.1 0.1 0.2 0.1
123467 —HeCDF N.D. N.D. 0.1 N.D. N.D. 0.2 N.D. N.D.
234678 —HeCDF 0.1 0.1 0.3 0.1 0.1 0.5 0.2 0.2
total HeCDF 0.1 0.2 1 0.2 0.2 1.5 0.8 0.3
1234678 —HxCDF N.D. N.D. N.D. N.D N.D. 0.1 N.D. N.D.
1234689 —HxCDF N.D. 0.2 0.1 N.D N.D. 0.1 0.1 0.1
o  iotal HxCDF D 0.2 0.1 0 0 02 01 0.1
OCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
_ total PCDF's 0.56 1.1 3.13 1.29 1.55 4.88 4.03 2.51
3,3'4,4' —TeCB (#77) 5.2 7.7 19 10 6.6 16 17 15
3,4,4' 5—TeCB (#81) 0.8 1 2.8 1.3 0.6 2.3 1.6 1.8
3,3',4,4' 5—PeCB (#126) 2.5 3.3 5.5 3.9 9.1 7.3 6.9 5.4
3,3,4,4' 5,5 —HeCB (#169) 0.6 0.7 1.3 1.1 1.4 2.4 1.9 1.5
total non— orth PCBs 9.1 12.7 28.6 16.3 13.7 28 27.4 23.7
2,3,3',4,4'—PeCB (#105) 89 280 430 140 150 200 170 180
2,3,4,4'5—PeCB (#114) 74 22 30 12 13 15 14 13
2,3,4,4' 5—-PeCB (#118) 330 1000 1500 510 370 730 650 660
2',3,4,4' 5—PeCB (#123) 6.7 17 26 11 2 15 14 14
2,3,3,4,4'5—HeCB (#156) 36 110 130 66 70 90 77 75
2,3,3,4,4' 5 —HeCB (#157) 9.9 24 28 19 20 27 24 24
2,3',4,4' 5,5 —HeCB (#167) 23 55 71 34 44 54 48 43
2,3,3,4,4'5,5'—HxCB (#189) 5.4 9.2 9.3 7 7.9 15 9.4 8.7
total mono— orth PCBs 507.4 1517.2 22243 799 886.9 1146 1006.4  1017.7
total Co—PCBs 516.5 1529.9 2252.9 815.3 900.6 1174 1033.8 1041.4
PCDD/Fs TEQ® 0.06999 0.20917 0.29124 0.11564 0.12593 0.16254 0.14232  0.1427
Co—PCBs TEQ* 0.32659 0.54704 0.85642 0.51777 0.65065 0.91837 0.85318 0.69938
total Dioxins TEQ* 0.68066 0.90412 1.91398 1.1228 1.73869 2.77293 2.88024 1.55095

unit ; pg/g ww, *pgTEQ/g ww
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2004c). Although the maximum TEQ value was
higher in marbled sole than in Japanese floun-
der, the difference in TEQ was not significant.
The TEQ ranges for PCDD/Fs and Co-PCBs in
marbled sole were 0.07-0.29 and 0.33-0.92 pg
TEQ/g ww, respectively. The TEQ values of
Co-PCBs accounted for more than 50% of total
TEQ for all dioxins. The results for marbled
sole were similar to those for Japanese floun-
der. TEQ values of Co-PCBs were higher than
those of PCDD/Fs in 92% of fish samples (223
individuals) (FISHERIES AGENCY 2003). These
results indicate that Co-PCBs are the most im-
portant dioxins in fishes, and, in particular,
non-ortho Co-PCBs are the most important di-
oxins in marbled sole in Sendai Bay.
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A westward propagation signal in the sea ice concentration
in the Indian sector of the Southern Ocean

Xuhui X1E", Hideki NaGasHIMA, and Masao NEMOTO

Abstract : From longitude-time plots for Sea Ice Concentration (SIC) anomalies along 63.71
°S in the period 1979 to 1999, a wave-like pattern is found to propagate westward from 60°E to
140°E. This pattern fluctuates with a period of nearly 5 years and propagates at a speed of ap-
proximately 3.3 cm/s. Such characteristics differ from those of the Antarctic Circumpolar
Wave (ACW), the signal for which repeats every 4-5 years, and which propagates eastward
around Antarctica with an average speed of about 8 cm/s. A 48-month time-lagged extended
empirical orthogonal function (EEOF) analysis of SIC anomalies shows that SIC variability
with interannual time scales is negatively coupled to SST fluctuations, and the SIC anomalies
propagates eastward in the Pacific and Atlantic oceans. In the Indian Ocean from 60°E to 140
°E, however, this analysis cannot identify such a negative correlation.

Keywords : sea ice concentration, EEOF, EOF, westward propagation

1. Introduction

The Sea Ice Concentration (SIC) in the
Southern Ocean is considered to play an impor-
tant role in the state and variability of both re-
gional and global climates through the action
of thermodynamic and dynamic processes and
feedback mechanisms.

WHITE and PETERSON (1996) have reported
that an interannual oscillation with a period of
34 years dominates in Sea Level Pressure
(SLP), sea surface temperature (SST),
meridional wind stress, and Sea Ice Extent
(SIE) anomalies in the Southern Ocean. This
fluctuation is named the Antarctic Circumpo-
lar Wave (ACW). The signal repeats itself
every 4-5 years and propagates eastward
around Antarctica with an average velocity of
about 8 ecm/s in a phase-locked manner. The
eastward propagation of the ACW was also
found by Jacoss and MrrcHELL (1996), who
observed coherent variations in sea surface
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of Marine Science and Technology, Konan 4-5-7,
Minatoku, Tokyo 108-8477, Japan
Telephone: 03-5463-0465 Fax: 03-5463-0378
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height, SST, and atmospheric pressure. Those
authors showed that the eastward-propagating
ACW has a period of about 4 years and a wave-
length of 180 degrees in longitude.

WHITE and PETERSON (1996) have suggested
a tele-connection of ACW with the El Nifo-
Southern Oscillation (ENSO) phenomenon.
Their model simulations of the ACW demon-
strate that there must be a coupling between
ocean and atmosphere for this phenomenon to
exist. QU and JiN (1997) Showed that the
mechanism of the ACW is based on a local
ocean-atmosphere interaction.

In addition to elucidating the ACW’s vari-
ability many studies have suggested that the
Antarctic sea ice fields co-vary with the ENSO
phenomenon in the tropical Pacific (CHiu, 1983;
CARLETON, 1989; SIMMONDS and JACKA, 1995;
WHITE and PETERSON, 1996; YUAN et al., 1996;
SMITH et al., 1996; LEDLEY and Huang, 1997;
CARLETON et al., 1998; YuaN and MARTINSON
2000, 2001; HaraNGozo, 2000; Kwok and
Comiso, 2002; MARTINSON and TanNUzzl, 2003;
YUAN, 2004). Recently, YUAN and MARTINSON
(2000) found that an out-of-phase relationship
between SIC and SST anomalies in the South
Pacific and South Atlantic persists three to
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four seasons after being triggered by the
ENSO forcing. This relationship is called the
Antarctic dipole (ADP).

From the analysis of SIC variability inside
the ice pack, GLOERSEN and WHITE (2001) found
evidence to support that the thermal inertia as-
sociated with the SST provides the most domi-
nant factor influencing the amount of sea ice
that forms each winter around Antarctica.
They concluded that the memory of the ACW
in the sea ice pack is carried from one austral
winter to the next by the neighboring water
temperatures, since the sea ice pack retreats
nearly to Antarctica in austral summer.

As mentioned above, the ACW is now one of
the most notable phenomena around Antarc-
tica. VENEGAS (2003), however, pointed out
that there is another signal in the SST fluctua-
tions, propagating westward in the western In-
dian Ocean between 45°E and 90°E. As SST
data are not available near Antarctica because
of sea ice, especially in austral winter, the SIC
analysis will help clarify the existence of the
westward-propagating signal near and around
Antarctica. Thus, we focus on SIC variability
near Antarctica especially in the Indian sector
and investigate both its interannual fluctua-
tion characteristics and the relationship be-
tween the spatial variability in the Antarctic
SIC and global SST.

In this paper, we carry out an empirical or-
thogonal function analysis of SIC anomalies.
In section 3, we show that the signal of the
ACW is unclear near the coastal area in the In-
dian sector, although the general characteris-
tics of SIC fluctuations are similar to those in
SIE, SLP, and so on. Next, in section 4, a west-
ward-propagating signal is shown from the
longitude-time analysis of SIC anomalies along
63.71°S. A discussion and concluding remarks
are given in sections 5 and 6, respectively.

2. Data collection and methodology

Two data sets are used in this study: (1) the
monthly mean SIC; the areal fraction covered
by sea ice is obtained irrespective of ice type,
and the ratio describing the density of ice is de-
rived from grid brightness temperatures, rang-
ing from 0 to 100%. The data set spans 21 years
from 1979 to 1999 and was provided by the

National Snow and Ice Data Center (NSIDC).
These data are derived from SSMR and SSM /I
satellite passive microwave observations with a
grid resolution of 25 km. (2) The monthly opti-
mum interpolation (OI) of SST data spans an
18-year period from 1982 to 1999 and was pro-
vided by the National Centers for Environ-
mental Prediction (NCEP). A set of 1° X 1°grid
data was derived from a combination of in situ
and satellite radiometer measurements.

These data sets are processed to determine
the mean annual cycle and to compute the
monthly average over the record length. Time
series of monthly anomalies in each grid were
determined by the difference relative to the
monthly mean values for the applicable record
length. Such procedures result in the removal
of the average seasonal cycle.

To suppress further seasonal and possible bi-
ennial signals, and also to remove long-term
trends, the time series were band-passed with a
filter having a 3-7 year admittance window. A
time-longitude diagram is then created.

3. Empirical orthogonal function (EOF)
analysis of SIC anomalies

In the present study, the sca ice region is de-
fined by a group of grids in which the SIC is
greater than 15% at least once a month during
the 21-year period.

The SIC anomalies are rearranged into an
N XP matrix, where the number of samples N
is the time series of 252 months from 1979 to
1999, and the parameter P (=4678) is taken as
the number of grids describing the sea ice re-
gion. From this data matrix, a 4678-square
spatial covariance matrix is calculated.

The EOF leading mode eigenvector has 7.6%
of the total SIC variance (shown in Fig.la).
From the power spectral analysis (Fast
Fourier Transform) of the leading EOF score
drawn in Fig. 1b, it is found that there is a sig-
nificant peak in the spectral energy at a period
of 3.5 years (0.0238 cycles mon™), as shown in
Fig. lc. This analysis revealed the most impor-
tant patterns of spatially and temporally co-
herent variability in SIC anomalies.

Many studies have suggested a mode-3 wave
in the Southern Ocean. For example, CoMISO
(2000) indicated that the Antarctic sea ice cover
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Fig. 1a). Leading EOF mode eigenvector of SIC (%) anomalies contains 7.6% of the total SIC variance from Jan
1979 to Dec 1999. High amplitudes occur in the Bellingshausen Abyssal Plain, Drake Passage, and Scotia
Seas, indicating positive SIC anomalies and negative SIC anomalies, respectively. The leading EOF mode
eigenvector shows a spatial pattern of wave number 3; the largest wave spans longitudes between 160°W and
10°E, the second largest wave was detected in the region from 90°E to 180°, and the third largest wave, from
10°E to 90°E, was very weak. The color bar ranges from —25 to 25 (%). The red circle is the longitude of the
63.71°S.

b) Temporal variation in the score of the leading EOF mode of SIC anomalies in the Southern Ocean.
¢) Spectra of the leading EOF score of SIC anomalies obtained during the 21-year period from 1979 to 1999
show a significant peak in the period of about 3.5 years.

Time(monthly)

Longitude

10 -5 0 e (%)
Fig. 2. Time-longitude diagrams of SIC (%) anomalies after passing through a 3-7 year band-pass filter. In the
Pacific and Atlantic oceans (from 140°E to 60°E), an eastward ACW-type propagation occurs. Conversely,

that in the Indian Ocean (from 60°E to 140°E) propagates westward. The color bar ranges from —12 to 12
%).
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Fig. 3. Top panel: Temporal variation in the scores of the leading EEOF mode of SIC and SST anomalies in the
Southern Ocean after passing through a 3-7 year band-pass filter. The cross-correlation is 0.80. Bottom
panel: Lag sequences of the dominant EEOF mode of interannual SIC (%) and SST (°C) anomalies. Broken
lines show a clear negative correlation between SIC and SST anomalies; they all propagate eastward in the
Pacific and Atlantic oceans. In the Indian Ocean, however, there is not always a negative correlation between
SIC and SST anomalies. In months 6-18, positive SST anomalies dominate in the Indian sectors, and positive
SIC anomalies also appear in this region. In months 30-42, a negative SST and SIC dominate in the region.
The color bar ranges from —1.5 to 1.5 (°C), and for SIC anomalies the color bar ranges from —7 to 7 (%).
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consists predominantly of mode-3 waves.
CoNNOLLEY (1997) analyzed SLP anomalies,
and Hans et al. (1999) analyzed SLP and the
curl of wind stress. In both of those studies, the
authors found a similar pattern of the mode-3
wave. In those studies, a spatial pattern with a
wave number 3 is also found in the Southern
Ocean. The largest wave is found to span from
160°W to 10°E. Positive/negative SIC anoma-
lies occur in the Bellingshausen Abyssal
Plain/Drake Passage and in the Scotia Sea. The
second largest wave is detected in the region
from 90°E to 180°, and the third largest wave,
between 10°E and 90°E, is very weak.

4. Propagation characteristics of the west-
ward wave-like signal observed in SIC re-
cords in the Indian sector of the Southern
Ocean
As described in section 3, the EOF first mode

of SIC anomalies shows three waves around

Antarctica, the second largest of which is in the

Indian sector. The peak and trough of the wave

are found around 64°S. Since the Antarctic

coast extends further north in this sector and

the Antarctic Circumpolar Current (ACC) is a

little far from this latitude, the propagation

characteristics are probably different from
those in other sectors.

Thus, we plot SIC anomalies along 63.71°S
near 64°S on a time-longitude diagram, because
this latitude is located almost at the center of a
25X 25 km cell. The horizontal resolution of the
data analyzed is 1° in longitude. The results are
illustrated in Fig. 2. One question is whether or
not an ACW-type signal is apparent in the SIC
anomalies. Actually, the SIC anomalies de-
picted in the diagram reveal clear eastward
propagation signals in the Pacific and Atlantic
oceans. In contrast, a westward propagation is
quite apparent in the Indian Ocean between
60°E and 140°E. This propagation is in con-
trast to the more familiar ACW type.

The SIC anomalies in the Pacific and Atlantic
oceans appear to propagate eastward with a pe-
riod of 3-5 years. It takes 7-9 years to circle
Antarctica at an average propagation velocity
of about 6-8 cm/s. On the other hand, the SIC
anomalies in the Indian Ocean propagate west-
ward over a slightly longer period, nearly 5

years, and their velocity is about 3.3 cm/s,
which is slower than that of the eastward
propagation observed.

Similar westward-propagating signals are
found around 60°S and 65°S, but the signal
around 64°S is clearer than the others. Note
that the time-longitude analysis for SST
anomalies around 45°S, 50°S, 55°S, and 60°S
suggests that the eastward-propagating signal
is not so clear (not shown here) in the Indian
sector around 60°S.

As mentioned above, the propagation charac-
teristics in the Pacific and Atlantic oceans are
similar to those for the ACW described by
WHITE and PETERSON (1996). In the Indian
Ocean, however, the SIC anomalies appears to
propagate to the opposite direction and with a
slower velocity. One of the reasons for this dif-
ference must be the topography of the Indian
Ocean. As shown in Fig. 1a, the Kerguelen Pla-
teau and the Balleny Islands obstruct the east-
ward propagation of the ACC near the coast.
Another reason is probably the existence of a
cyclonic gyre of wind and current systems at
high latitudes in the Indian sector of the South-
ern Ocean.

5. Discussion

As described above, the EOF analysis shows
that the SIC anomalies propagate eastward in
general. However, the time-longitude diagram
along 63.71°S indicates a signal of westward
propagation in the Indian Ocean. Thus, we dis-
cuss the time-space variability of SIC anoma-
lies based on the EEOF analysis. The EEOF
method has shown some promise for improving
our understanding of the nature of the domi-
nant patterns for coherent variability in space
and time.

Here we apply EEOF to SST and SIC anoma-
lies in order to clarify the relationship between
them, and also to identify whether or not the
westward propagation of the SIC anomalies is
related to the SST anomalies in the Indian
Ocean.

In Fig. 3, we show the results of the EEOF
analysis for the SIC and SST anomalies. The
scores of the leading EEOF mode of the SIC and
SST anomalies with a 3—7 year band-pass filter
have a cross-correlation of 0.80 (Fig. 3, top).
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We identify the ACW propagation by EEOF
analysis. SST anomalies (left panel in Fig. 3)
slowly propagate eastward with the variability
of interannual time scales. As shown by broken
line 4, well-developed positive SST anomalies in
the South Pacific extend in a zonal direction in
months 0-6. Then, in months 12-18, the warm
SST anomalies move slowly toward the east
and ran into the Drake Passage around 70°W,
causing large negative SIC anomalies in this re-
gion as shown by the broken line 7. In months
24-36, well-developed positive SIC anomalies in
the Weddell Sea around 40°W prevent the east-
ern propagation of positive SST anomalies. The
SST anomalies then become weaker and move
to the east of the Atlantic and to the Indian
Oceans in months 36-42, and the warm SST
anomalies in this region move to a lower lati-
tude. As a result, the SST anomalies slowly
move eastward, traversing more than half of
the Southern Ocean from 150°E to 90°E during
a 42-month period. It is shown that SST
anomalies fluctuate with a 3.5-year quasi-
periodicity in the Southern Ocean. We also
identify the eastward propagation of the SST
anomalies shown by broken lines 1-3. WHITE
and CHEN (2002) also indicated that an ACW
with a 34 year period propagates eastward
around the Southern Ocean, covaries with SST
and SLP anomalies, and consists of two wave-
lengths circling most of the global ocean along
the mid-latitude storm track near 40°S.

The propagation of positive SST anomalies
shown by broken lines 2 and 4 corresponds to
the propagation of negative SIC anomalies
shown by broken lines 5 and 7, although they
all propagate toward the east with time. In ad-
dition, the negative propagation of SST
anomalies shown by broken line 3 corresponds
to the positive propagation of SIC anomalies
shown by broken line 6. Accordingly, a clear
negative correlation between the SIC and SST
anomalies over most of the Pacific sectors and
the Atlantic sector of the Southern Ocean is
suggested, and both the SST and SIC anomalies
propagate eastward. In the Indian Ocean, how-
ever, there is not always a negative correlation
between these two anomalies, although we can
find eastward propagation in the SST but not
in the SIC anomalies. In months 6-18, positive

SST anomalies dominate in the Indian sectors,
and positive SIC anomalies also appear in this
region. In months 30-42, negative SST and SIC
dominate in the region. Thus, the EEOF analy-
ses show that there is not a strong negative
correlation between SST and SIC anomalies in
this region.

The ACW was observed to follow the mid-
latitude storm track in the eastern Atlantic, In-
dian, and western Pacific sectors of the
Southern Ocean between 30°S and 45°S (WHITE
and CHEN, 2002). In addition, the ACW is the
dominant climate signal in monthly SST, SLP,
and SIE in the Southern Ocean (VENEGAS, 2003;
WHITE, 2004; POTTIER et al. 2004). In the pre-
sent study, however, westward propagation of
SIC anomalies is implied in the Indian sector.

6. Concluding remarks

A brief summary of the sea ice variability in
the Southern Ocean described in this paper is as
follows.

Interannual oscillations with periods of
about 3-5 years were found to characterize the
SIC variability in the Southern Ocean. The SIC
anomalies fluctuate with a peak of 3.5-year
quasi-periodicity and with a spatial pattern of
wave number 3. The largest wave appeared in
the Pacific and Atlantic oceans. The second
largest wave was detected in the region of the
Indian Ocean. The third largest wave, from
90°E to 180°, was very weak.

We focused on the Indian sector and found
that SIC anomalies propagate westward in the
Indian Ocean. The anomalies fluctuate with a
period of approximately 5 years and propagate
at a speed of 3.3 cm/s. This is a little longer and
slower than the ACW, which propagates east-
ward in the Pacific and Atlantic oceans.

EEOF analysis revealed a clear negative cor-
relation between SIC and SST anomalies over
most Pacific sector and the Atlantic sector of
the Southern Ocean. In the Indian Ocean, how-
ever, there is rather a positive correlation be-
tween SIC and SST anomalies. We can find
eastward propagations in SST anomalies,
which are the characteristics of ACW, in all of
the Southern Ocean, but we cannot find east-
ward propagation in SIC anomalies in the In-
dian sectors.
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The westward propagation of the SIC
anomalies shows little association with the SST
in the Indian sector. We suggest that this is
probably affected by topography and is associ-
ated with currents moving westward along the
coast. The Kerguelen Plateau and the Balleny
Islands obstructed the eastward propagation of
the covarying ACC, resulting in a westward
current. Similarly, obstacles to the westward
propagation of this near-coastal current are
likely to result in a similar augmentation of
the ACC. These findings suggest that the west-
ward propagation of the SIC anomalies is
closely related to the westward current, which
is generated by extensive gyres in the basins.
Further studies on propagation characteristics
in the Southern Ocean should focus on whether
or not westward circumpolar propagation oc-
curs inside the ACW near the continental Ant-
arctic coast.
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Larval and juvenile fish assemblages in surface waters at the mouth of Tokyo Bay

Riou NagAaiwA, Masato MOTEKT*, Hiroshi KOHNO and Kiyoshi FuJita

Abstract : In order to clarify larval and juvenile fish assemblages in surface waters at the mouth
of Tokyo Bay, monthly samplings using a ring net were conducted from June 2002 to May 2003.
A total of 4,098 individuals, representing over 24 species from 18 families, were collected. Most
abundant species was Engraulis japonicus (3,974 individuals ), followed by Konosirus punctatus
(41, Trachurus japonicus (41), Scomber spp. (9), Sardinops melanostictus (7). The highest
number of species was recorded in July (8 species), decreasing through winter (1 in December
and February, 5 in January). As to the number of individuals, the highest value was recorded
in June (2,916), and the lowest in December and February (2 individuals in both months). In
order to compare the larval and juvenile fish assemblages with those of inside the bay, same
samplings were made at 4 stations within the bay. A cluster analysis was made by seasons
based on similarities of larval fish assemblages among sampling stations, which reveled that the
larval fish assemblage at the mouth of Tokyo Bay was clearly different from those of inside of

the bay.

Keywords : Larva, Juvenile, Fish assemblage, Tokyo Bay
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Table 1.
2002 to May 2003

Family/Species

Congridae

Muraenesox cinereus
Clupeidae

Sardinella zunasi

Konosirus punctatus

Sardinops melanostictus
Engraulididae

Engraulis japonicus
Gonorynchidae

Gonorynchus abbreviatus
Synodontidae

Trachinocephalus myops
Myctophidae

Myctophidae sp.
Atherinidae

Hypoatherina valenciennei
Exocoetidae

Cypselurus hirait

Cypselurus heterurus doederleini
Scomberesocidae

Cololabis saira
Fistulariidae

Fistularia petimba
Syngnathidae

Urocampus nanus

Syngnathus schlegeli

Hippocampus mohnikei
Scorpaenidae

Sebastiscus marmoratus

Sebastes inermis

Sebastes schlegeli

Sebastes pachycephalus pachycephalus

Scorpaenidae sp.1

Scorpaenidae sp.2

Scorpaenidae sp.3

Scorpaenidae sp.4
Tetrarogidae

Tetrarogidae sp.
Triglidae

Chelidonichthys spinosus
Platycephalidae

Platycephalidae sp.
Hexagrammidae

Hexagrammeos otakii
Cottidae

Astrocottus matsubarae
Percichthyidae

Lateolabrax spp.
Teraponidae

Terapon jarbua

Rhyncopelates oxyrhynchus
Apogonidae

Apogon lineatus
Sillaginidac

Sillago japonica
Labracoglossidae

Labracoglossa argentiventris
Carangidae

Seriolina nigrofasciata

Seriola quinqueradiata

Seriola dumertli

Trachurus japonicus

Decapterus sp.

REUAB ORI B 5 REEO FHEAE

99

Larvae and juveniles collected from the sampling stations (St. A-E) in surface waters of Tokyo Bay from June

_St.AD St. E
Size  Develop- Size
Nﬁ‘?}' Month range mental Num- Month range  mental
¢ ~ (TL,mm) stage* (TL,mm) stage*

1 Sep. 10.0 pre. - - B -
1,628 Mar., June.Sep. 4.8-15.1 yol.-pos. 1 Aug. 5.0 pre.
1,284  Mar.-July 3.8-5.9 yol.-pre. 41 July 4.2-8.2  yol.-fle.

- - - - 7 Jan. 8.0-9.1 pre.
4,037  Mar.-Oct. 4.9-32.2 pre.-juv. 3,974 Apr.-Aug.,Oct.,Jan. 3.7-27.9 pre.-pos.

- - - 1 Oct. 5.5 pre.

1 Sep. 4.0 pre. - - - -

1 Sep. 3.0 pre. - - - -

102 Jun. , Aug., Sep. 5.3-22.5 pre.-juv. - - - -

1 July 13.5 juv. - - - -

2 May, July 6.8,7.0 pos. - - - -

. - B - 1 Jan 8.0 pos.

- - - - 1 Sep. 37.6 juv.

1 May 33.5 juv. - - - -

8 July, Oct., Dec. 15.9-68.2 pre.-juv. - - - -

19 July, Sep., Oct. 7.0-25.0 juv. 3 July 11.1-26.5 juv.
29 Nov.-May 2.9-4.0 pre. - - - -
63  Dec.-Mar. 4.5-7.2  pre.-fle. 1 Jan 4.5 pre
35 Mar. 4.4-6.5 pre. - - - -

1 Apr. 11.2 fle. - - - -

1 July 3.0 pre. - - - =

4 Sep., Oct. 2.8-3.2 pre. - - - -

1 Sep. 8.5 pos. - - - -

1 May 4.5 pre. - - - -

3 May 3.0 pre. - - - -

1 Dec. 14.0 juv. - - - -

1 Oct. 3.0 pre. - - - -

35  Jan.-Mar. 6.9-31.3 pre.-juv. - - - -

1 Mar. 6.0 fle. - - - -

4 Feb., Mar. 4.5-5.0 yol. - - - -

11 Sep., Oct. 1.9-3.2 pre. . - -
7 Aug., Sep. 3.4 7.0 pre.-pos. - - -
6 Oct. 2.3-7.2 pre.-pos. - - - -
368 July, Aug., Oct. 2.2-10.2 pre.-pos. 1 Aug. 5.0 fle.

- - - - 1 Dec 4.0 pre.

1 Sep. 21.8 juv. - - - -

- - - - 1 May 6.2 pre.

1 July 12.8 juv. - - - -

6  July., Sep. 3.5-10.2 pre.-pos. 41 May 1.9-2.1 yol.

26 Sep. Oct. 5.1-15.0 pre.-juv. 4 June-Aug. 91  pos.juv.

Dex}aESpecies

code

Sz
Kp
Sa
Ej

Ga

Ss
Hm

Sm
Si

Sp

Ho

Al

S

Tj
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Table 1. Continued
_ _StAD . 0
Size  Develop- Size  Develop- Species
Nﬁlem’ Month range  mental Rl Month range mental code
Family/Species g (TL,mm) stage* °r (TL,mm) stage*
Coryphaenidae
Coryphaena hippurus 1 Sep. 13.2 pos. - - - -
Leiognathidae
Leiognathus nuchalis 2 July 5.2, 7.1 pos. - - - - Ln
Haemulidae
Parapristipoma trilineatum 1 May 4.0 pre. - - - -
Sparidae
Acanthopagrus schlegeli 40 May 2.9-7.6  pre.-pos. 1 July 7.6 pos. As
Pagrus major 29  May, July 3.1-3.5 pre. - - - -
Mullidae
Mullidae sp. - - - - 1 Jan. 5.0 pre. Mu
Girellidae
Girella sp. - - - - 1 June 4.1 pre.
Pomacentridae
Chromis notata notata 87 Jun., Sep., Oct. 2.1-5.0  pre.-pos. - - - - Cn
Abudefduf vaigiensis 3 Oct. 12.8-13.8 juv. - - - -
Pomacentrus coelestis - - - - 1 June 10.2 juv.
Pomacentridae sp.1 - - - - 1 July 3.2 pre.
Pomacentridae sp.2 4 Oct. 7.8-10.1 pos. - - - -
Pomacentridae sp.3 68 Jul., Oct. 1.8-3.1 pre. - - - - Po
Mugilidae
Mugil cephalus cephalus 9  Feb., Mar. 26.8-31.2 juv. 1 Oct. 7.8 juv. Mc
Labridae
Pseudolabrus japonicus 1 Nov. 2.6 pre. - - - -
Uranoscopidae
Xenocephalus elongatus - - - - 1 Aug. 5.0 pos.
Blenniidae
Parablennius yataber 200 May-Oct. 1.5-10.0  yol.-fle. 1 July 1.9 pre. Py
Omobranchus fasciolatoceps 1 July 3.0 pre. - - - -
Omobranchus punctatus 44 July, Aug. 2.8-7.5  pre.-pos. - - - - Op
Omobranchus elegans 3 Jun., Aug., Oct. 3.0-17.9 pre.-juv. - - - -
Petroscirtes breviceps 2 Aug. 3.0, 13.0 pre., Juv. - - - -
Blenniidae sp. 2 July 3.0, 3.3 pre. - - - -
Callionymidae
Callionymidae spp. 122 Jul,, Sep., Oct. 1.2-10.0 yol.-Juv. - . = - Ca
Gobiidae
Luciogobius sp. 1 Apr. 3.0 pre. - - - -
Acentrogobius pflaumii 1 July 40.0 juv. - - - -
Gobiidae spp. 80 Jan.-Oct. 1.9-7.0  yol.-pos. - - - - Go
Siganidae
Siganus fuscescens 2 Sep. 18.0, 23.9 juv. - . N N
Sphyraenidae
Sphyraena pinguis 4 July, Aug. 3.2-5.2 pre. - - - -
Gempylidae
Gempylidae sp. 1 Sep. 2.4 pre. - - - -
Scombridae
Scomber spp. 85  Apr.-Aug. 1.9-5.0  yol.-pre. 9 Apr., June, July 3.95.2 pre.-fle. Sco
Scombridae sp. 1 Aug. 5.0 pre. - - - -
Pleuronectidae
Pleuronichthys cornutus 1 Jan, 2.8 yol. - - - - Pe
Pleuronectes yokohamae 2 Feb., Mar. 4,5.2 pre. - - - -
Pleuronectidae sp.1 3 Sep. 2.0-4.0  yol.-pre. - - - -
Pleuronectidae sp.2 3 Feb. 3.4-4.0 pre. - - - - Pl
Soleidae
Heteromycteris japonica 1 Sep. 4.2 fle. - - - -
Cynoglossidae
Cynoglossus robustus 2 Sep. 22,34 yol. - - - -
Triacanthidae
Triacanthus biaculeatus 1 Aug. 24 pre. - - - -
Monacanthidae
Rudarius ercodes 201 Sep., Oct. 2.0-15.0 pre.-juv. - - - - Re
Stephanolepis cirrhifer 76 May, Aug.-Oct. 4.5-13.9 pos. 4 Aug., Sep. 6.9-15.2 pos.-juv. Sc
Unidentified specimens 13 1

For sampling stations, see Fig. 1.

*Developmental stage : yol., yolksac larva ; pre., prefrexion larva ; fle., flexion larva ; pos., postflexion larva ; juv.; juve-

nile.
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Fig. 3. Monthly changes of the number
of species (top) and individuals (bot-
tom) for larvae and juveniles col-
lected from each station in Tokyo
Bay from June 2002 to May 2003. Al-
phabets indicate sampling stations
shown in Fig. 1.
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Fig. 4. Dendrogram of sampling sta-
tions based on the Bray-Curtis simi-
larity coefficient for fish assemblages
at five stations (St. A—E) in Tokyo
Bay from June 2002 to May 2003.

Do THUMRHRL ITEA L, RAL2HRY (18
o, 1 RICE S ERHEA L, EHB~DTIH,
T~10H I TEL, BECTROH B: 1157, C: 20
), DIZI0F 7R WREENREL Ed -7, 1AM
FRI AN ED A L, 4 AL TR 6 MUT R
Ui, 72, EEARTHALSHIERZ (95 &4ub,
9~4 HXABUTTHE L,
EHOEESED A 6 Atk 2R LI (2,915
% ; Fig. 3. =0HkIFEIL, 12HE2HIERD A
k) &b, 4 AUBBBEOHEM U, ZOMHOER
T, B~DT XL UEBoBRLER L, ChoD
EETE, 5HET~10HEhF TREESZC (RS
13, B: 625ffk, D: 159MEM, &bic5H,; C
1LA7TUEME, 7 H), 11~2 Az SC1~11E#)
w3 EEmMBHR SN, £, TEHEAZSH (1,789
W) S Ly, 11A (0 P E=LET 5%
T Uiz, 11~5 H3EWEE RS H#EEC DA
IM, LHESHRERHNZ B L (EhEhdT
4918 1K) o

34 BRESOHEAROELUEICEICISRY —
S
BEE2FEDRT—FICETSL 7527 —-0FTH

(Fig. 4, EHEMNEME0BTA~DES NI, 35

12, A~DBEME04TESA, BEC, Ditsahh,

ZHENEME63, 062TY 527 —%2BE LT
ZfiCE (FEZE4, SH I ESZTH, %F9, 10H;

KZEL, 2H) WISAI=—BIFET-IERTR

(Fig. 5), BEZEITTEHEEMNC, DEFEMFISTY X
y—%FK LIz, UL, 20MOFEH T, A~DH

HMEF0.34 (KZ) ~049 (FF) T—D2DI7 IR —

EREL, BUE0.12 (£F) ~0.36 (&%) TENIH
ST - 72



102 La mer 43, 2005

—~ n
Summer —— A Kp Py Go |Szlod—| 138
= Lo
L—B | Ej Kp Py Hm Bs 96
i Op
—C l Ej ko | |4 1571
I
D ‘ EJ KpPy| ~ 156
E | Ej KpH 800
IR A I s S
0 0.5 1.0
Autamn A Ej Re Ca  |Hm| 1
B EJ Py Re Ca l;[s | De |Go| — 182
B . Ca | Go
e C Ej Si Sc |y Re o [l fenf4= | 781
—D Ej Sj P% Re|Cal| Po | on | }2°| 559
Ej Sc Fp Ga - 8
RN
0 05 1.0
Winter —__ A S Ho wl ] 1s
B | Si PI Holla Go Pyo| 18
c Si Sm Hol 17
]
— D Si La Pc 3
E | Si Sa Ej | Cs | Mu | Mc 12
RN A B AR SN
0 0.5 1.0
Sprin
pring A Ej Ko  |Sm|Sp| - 18
——C Ej kp  |-| %8
i
B| E Kp 629
D Ej Kp 5o | - 1750
—— T—As
, Ej Tj 270
O S O O T I
0 05 10 gy 50% 100%
Bray-Curtis similarity
coefficient (PS,) Species composition

Fig. 5. Dendrogram of sampling stations based on the Bray-Curtis similarity coefficient for fish as-
semblages and species composition at five stations (St. A-E) by seasons in Tokyo Bay. Species
codes are given in Table 1. Species occurring more than 2% in number at each sampling station
are shown.
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Inter-annual variation of heat budget through the sea surface in Otsuchi Bay.

Ayako ANBO™', Hideki NAGASHIMA !, Masao NEMOTO ", Kunio KUTSUWADA " and
Hirotaka OTOBE*?

Abstract : We investigated inter-annual variation of heat budget through the sea surface of
Otsuchi Bay by using weather and sea condition data supplied by International Coastal Re-
search Center, the University of Tokyo and neighborhood meteorological stations, the Japan
meteorological agency. The results show a clear difference in heat budget between the 80" and
90’. This difference is attributed to differences in both downward shortwave radiation and wind

speed in Tohoku area.

Keywords : Otsuchi Bay, Heat budget, Downward shortwave radiation, Wind speed
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Fig. 1. Coastal and Bottom topography in Otsuchi
Bay. Numerals attached to lines denote depth in
meter. ¥t © Sea-condition and weather monitor
station. A : Otsuchi river, B : Kotsuchi river and
C . Unosumai river.
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Fig. 2. Meteorological data used in this study col-
lected by local meteorological stations at 6 cities
in Tohoku area.
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WML, 4, ThEho#T 5 v 7 2, KGH5
WHEANOHEELLTWS,

3. #ER

19804FEH 5199941 33 1 B BUHINE (Qr), #H# (Qe),
BEEL (Qh), BB (Qn) OFALEA LD, £
N ooHFEMEOK SRS %Fig. 3IZRT, WIFh &I
FEREHEMAERL TS, QroREEIZWHE TR
7SS, Q0EE@D1990, 1993, 1995, 19964EDH Tz
WTHLDHE E T 5 L/hs W imnA NS, 72,
QridiZEALDFISAMNS6HESANS I H &I
E—7M228Nh 5, X2FOQridfFic L3 H&ER/NE
Vo —H, Qel@hid, BFIBOTRENLBEMNAMNS
5N 5, FFiT, S0EMR & B L TIENRD Qek QrOfE
NS L, D SRE~OBEGESHML T3,
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Table 1. Ttems for calculating equations of (2)—(4).
Symbol Content Value/Unit
Qsd Downward shortwave radiation W/m*
Qld Downward longwave radiation W/m®
Qsu Upward shortwave radiation W/m?
Qlu Upward longwave radiation W,/m?
o' Air density 1.15-1.33 kgm *
I3 Emissivity at the sea surface 0.9
r Albedo at the sea surface 0.06
L Latent heat of evaporation 2.43-2.52 Jkg™*
qw Saturated specific humidity at Tw
qa Specific humidity
T. Sea surface temperature C
T, Air temperature C
g Stefan-Boltzmann constant 5.673x10 *Wm *K™*
Cr Specific heat of air 1002.8
Cs, C.°° Bulk transfer coefficients

*! pis computed by using ChroTiéTogical Scientific Table (1979).
*? L is computed by using Meteorological handbook (1979).

*3 Cs, Cy is computed by using Kondo (1975).
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Fig. 3. Time series of heat fluxes; a) monthly mean of @r, b) monthly mean of Qe, ¢) monthly mean of @h, d)
monthly mean of @n and e) 12-month moving average of @n. Two solid lines indicate the average from 1980

to 1986 and from 1991 to 1997.

Qr, Qe, QhETXTHMAEL MR ZE L TOEKRD
BINLTH 53, EFBCBTIBELHIWHETEI
BOD, XFEIFELEGICBYTIERLAONE, £
T, QnOREEBAEBRICT 5700, Qnol2y AR
B Qnae Ry, HEREFig. 3 (o) TR L7, Qnitd

BRAMBLT, 53~—5L1W/m*O#BPETEEHL T
0%, BIER — VOB AR D K U A S804EMRD S
YERITAT TRAVBERIZH 2 Z &b 5, ZOHERA
ZFMICA B &, 198040 & 19874 % TIE, FiafE
—49W/m?Z . E LT =10 W/m LN @ i iy Bk
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WEIFTER LT B, Linl, 19874E0 HEgEm &
W EE U, 19874E 5 19904E % CIF, AHMERD S &
WiEE 2191 U BOHBEA~OBITIHEEZEZL 5N 5,
19874 1 H /» 5 19904E12H o 12 £920 W /m Db % 7
I O, 1986FELURNICEALSNTBTORENDD
TH b, LMELIBIC BN THERERT LOOHICH
OffiERL, P 256 W/m e - TinB, 20
BB 2Qnit, BATH 101 W/ m’Th %,
%72, 19944F 1 5 1995412 2 i TATIT I OndvE T
U, MED B2 a2 EEMEEICS SN, Zhid

el & O SMFEHEOMILITRIR G 2E8, BHET S v
JADWIMcEBEELZ NS (ZES, 1995), IO

C&i3FEk, Fig. 3 () & (0) TReEQhDARFEILE
FAEMNS N SR LT3, £, EFE (1995
FEH) Ko TR, Fig. 3icbAs6hbL51, Qr
PP ~ANE N Eick B, ZhiZZDBHRE
DODHMZ L, HHEEMFIELDET LD THS (L
o, 1996),
ZORQnOABEIET 0%, Qnizl9954EDLTITI -
THKT %, 199T4ELIEO Qniz, 0ERFIIDZEA(L &

Table 2.~ @n, Qr, Qe and Qh averaged over 20years between 1980 and 1999.
@n Qr Qe @h
20-year average”' —15.3 53.1 —46.7 —216
80's** —49 54.0 —39.3 —19.6
90’s™? —25.6 52.1 —54.1 ~23.6
Difference between 90’s and 80’s 207 -1.9 —14.8 —4.0
Unit: W/m?
! between 1980 and 1999.
** between 1980 and 1986.
*? between 1991 and 1997.
Table 3. Monthly average of @r, Qe and @h in 80’ s and 90’ s, and their difference.
Qr
Jan. Feb. Mar.  Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
©80s 353 —16 490 97.2 1257 1287 1263 1257 700 225 —208 —39.0
90's —32.7 1.9 45.3 97.3 120.6  121.2  133.7 113.2 60.5 243 —18.1 —422
90’s-80’s 26 35 —37 0.1 —52 —75 74 —125 95 18 = 27 32
Qe
Jan. Feb. Mar.  Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
80’s -840 —-605 331 -—-74 31 26 0.7 -05 —332 -—707 —888 —885
90’s  —109.0 -85.2 —5H38 234 —66 —23 1.4 —104 —470 —80.2 —112.0 —120.8
90’s-80’s —25.0 —24.7 —20.7 —160 —36 0.3 0.7 -99 —-138 —96 —23.2 —323
Qh
Jan. Feb. Mar.  Apr. May Jun Jul. Aug. Sep. Oct Nov Dec.
80’s —60.8 —43.7 —13.5 2.8 3.1 1.7 1.8 2.6 —-7.2 —250 —429 —54.6
90’s -69.9 —51.9 —22.0 2.2 6.4 4.1 4.2 14 —101 —269 —50.0 —706
90s-80s —92 —82 —85 —07 3.2 24 24 —-1.2 —-29 —-19 71 —161

 UnitW/m®

DIE, FHIFERSUEHTIIA S HBBEEL T3,
S0 X HIZ19904ELIRIZ B O T Qrid BB AT b 0,
I I 19804 5 19864F D Qniz o~/ N & 75l % &
T3,

PlED X5z, 19874E0 5 19000EE BT E LTEL
5&, ZRLRTEUBTROnOEICK X LHHENRS S
Nb, €T, TOMEICERL, LUBRMEENIZ19804F
i 5 19864F % TORIRI A SMER, 19914EH 5199T4E F T
O AZIMEE LTI Z &z L,

BOER EWNERIZBITZEEAT T v 7 XDOFYIE
(@n, Qr, Qe, Qh) %, Table 2 IZR¥, N kD
Qnix, B0EfTIE —49W/m?, 904 TIix—25.6
W/m*T, MEROMIZIE20.7 W/ m*dDERD 5,
D, KMEBORBRR B 24ZF0 HPEERS O
WRITHYT B, ZDLHIZ, KB PFHNICAS L
WED SHP SN AMERICH 2, 0FERTIRHBVER L
DISILHPINBEAMNEE > TNBE I ERDbM D,
BET S5y 7 XEHDE, WEROKHINE (Qr), #&
BTy 7% (Qe), BWHTIT v 2 (Qh) 1804
EH~NZAZN1LIW/m?, 148 W/m?: 4.0 W/mHE <

-
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Fig. 4. Seasonal variation of downward shortwave

radiation (a) and wind speed (b), observed in
80’s (circle) and 90’s (square).

KoTHBY, PTHQeRJOREUENLONL, £
T, IDEIUKET S v 7 ROMEEFEMICSENS
Bz, FRNENDORT T v 7 20 H¥EEERD, #
PAaTable 3 IR LI, ShickdE, QriEs, 5 6
8, 9, LHIKBWT, WFEROFMOEMRITEL~RT/HhE
(M >Tin, FONT, HiZ6, 8, IAMEETHO,
ZhFHERMTLESW/m?, 125 W/m?% 9.5 W/m*0
BEMB T, BMOREIUENZEONIZORSATH S,
—%, 1, 2, 4, 7, 10, 118V T, HoH &
CHHBRIOERO AN KE L, LL, THODTA
W/ m* BT BRI ZOEII/NMS (35 W/m BT
L >TnD, —7, Qeld6, THARKRATOHTI
FEROFDUEFRR K DS, #HIZII A~ 3 Ho&ZFiC
BOTERBOENKE L, 12HIC&RKIE32.3W/m’ %
. 7, Qhid, Qe FERBEREMIBENLR
LT, BLED &5z, S04 EI04ERDQr, Qe,
QRIZIIENH 21, TOERFEMIZL > TENE S,
ZEIT, Iho0EMEUZRERREZHLMITH0,
ZREBEROP Tz KEBEEALRIZT (2 RO
Qsd, BLUQe, QRIZKEREEARIZT B), D
KOWICB U THMCKE Lz, Fig. 413, KRB

B2 0458 EEROERIOHFHHEOHEBRER L
bDTH3, Fig. 4 IR LEHEREZS 3 &, 90FK
W80AEFRIZEE~ S, 6 HE 8, 9 HitEMEL, 20T
b6 LB AHERBMOZERFINIW/ mMERERED -
Fro TR EEFITTHIRTIW/mEIENRDO BHED
FMERL O KEM -T2, ThoDOHRE, MidLi
& S IZERD Qrn804ER K D, 5, 6, 8, IHITBL
TINENT EE—FT 5, 51T, 0FERD BHENSD
ERED RSN &, FEROQra80FRIc~ T
HizBWTKENWI &E& 68T 5 (Tabled)o Lichio
T, HHEBOENRMETOMERQroFRM OHEEF
FRILTWB I EMbhs,

Wiz, Fig. 4R UcBdE:2 A5 &, FHEzELT
BIZ9VER D F i<, 10A~1HOFERBOZERZH
2106, 0.8, 0.7, 0.6m/sTdH » 7o IOF D EE A
ATOHTIEREERKE NI L, VERDQek
QrIFIELTO A TER LN EDHE E
MoTWBI EMNbM5 (Tabled), 7z, 0FERDIE
S & N, FFICI0A~THIKBLTRENWZ &
3, FiEB L2 A FEOIEI D Qe HIBOHEIL & /N E
ZEOERTHB, LihioT, BEICBEY ZERMO
&N Qed QROFERBOMEEF|IERILTWE I &
Bhns,

4, BE

19804E~19994E 12 W T, KEEMEE, FHEMILH B &
WHNSHEPENTNS I EEli~ie, ZoHPahsd
I 2 RAERITA S &, S0HEIR K DIERITB N THE
D, ZOER, 198THE~1990F BT & U T2 hLiH
EUBTHRSMHESAE LTS, Z ORI HER,
H &8 & T o ISR LT,

2T, KMETH SN HETE & EE D804 &90
ERITB T B HES, B T OREILHEMICA S
h3hEHI, Fig. 51T, ThTholicsr 3
AP aSHEAERT, A BREN 0T 2, AL
KEHMOEWHAEFERL T B, 2 TOHRHITBNT,
6 Hh o 7 Hicluh s o, ThISHEN & BHEL R
MHBHEERLTL S, Fig. 505, 80L& H~90
FERIZBOTHHEAD OB, IS, NEERT
25 7, ot Tize  , £/, HFM, BEW, A
BHTIRI A HHEENELV T 2L Shi, &
12, 6 HiCidTable 4 ISR L2 TOEHICHE WTHE
Ba®P LT3, Sato and Takahashi (2001) 13,
W, AEMESO QBB SED LT s SiE/lL
TEY, 20BN E L TAKRBLOEFQFH O RILAEZ
JThd, TOIER, KBS XURILHAICET 5
EREZ O HHEOSUFR & TP E2 B
T T B,

WIZ, KEEEDSVEM & 90EMRIT B 1 5 JHE D HH#E DS,
wALH F T EDORELRBBEIZA Sh b hEFHNI, Fig.
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Table 4. Difference of monthly mean of downward shortwave radiation and wind speed between 90’s and 80’s.

Downward shortwave radiation

| Aomorij Miyako Sendai Onahama | Sakata Akita Otsuchi
Jan. | 72 | -39 —47 —6.4 —41 —038 —3.0
Feb. | —72 | 09 05 2.1 —24 | —02 11
Mar. -5 =33 8.3 ) L2 0.3 -2.1
Apr. —6.3 12.4 14.9 11.7 1.2 3.9 6.2
May —22 | —ar —19.1 —14.6 75 | 11.6 4.0
Jun. -6 | -85 —12.8 —4.1 ~72 | —89 —10.1
Jul. 4.2 8.6 74 ~5.0 -13 —0.6 7.1
Aug. 11 L 96 | —26 —36 -18 | —68 —47
Sep. 63 [ -6 | 78 2.7 —28 | 2.6 9.8
Oct -52 | 80 100 -5l 48 | 6.8 -35
Nov. -08 27 —07 | 18 | 3.9 40 | 2.3
_Dee. | -l2 04 | =59 | =32 09 | 31 07
Unit:W/m?*
Wind speed
Aomori Miyako Sendai l Onahama } Sakata Akita J‘ Otsuchi
Jan. 0.7 0.8 0.8 01 | —03 —04 0.6
Feb. 0.9 1.0 0.9 ‘ 0.2 | 0.3 0.2 | 0.1
Mar. 0| 0.5 04 | 0.2 | 0.5 0.3 | 0.2
Apr. L1 0.7 0.8 0.2 0.7 0.6 0.2
May 06 0.7 | 0.6 0.2 0.5 0.4 0.3
Jun. 0.8 | 0.4 | 0.4 ‘ 0.1 0.6 0.4 0.4
Jul. | 09 | 0.4 0.3 0.0 0.9 0.6 0.3
Aug. | 0.7 0.4 | 0.2 | —o1 0.8 0.6 0.4
Sep. 0.8 ! 04 | 0.4 | 0.2 0.8 0.7 0.4
Oct. \ 0.6 | 04 01 | 0.0 0.1 0.1 0.8
Nov. | 09 0.7 04 | 0.2 0.3 0.3 0.7
Dec. ‘ 0.9 | 03 | 03 | 0.0 0.3 0.4 0.5
Unit:m/s
3, SO, WERICEARBETOREN®RE -2 b Xk

DEEZOND, ZO&DEEREIE, KEEERETOo—
AVEEBGCR L, B FREICA oN 5 (Fig. 4,
6)o
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Fig. 6. Comparison of monthly wind speed averaged over a period between 1980 and 1986 (circle) with those be-

tween 1991 and 1997 (square) at 6 cities.
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