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Dependence on the vertical eddy diffusivity for
the oceanic circulation in the Okhotsk Sea

Fukuji YAMADA® and Yoshihiko SEKINE™

Abstract : Oceanic circulation in the Okhotsk Sea is examined numerically with special refer-
ence to its dependence on the intensity of vertical eddy diffusivity. Firstly, three models with
different coefficient of vertical eddy diffusivity are driven by the observational annual mean
wind stress with adiabatic surface condition. Secondly, three models are driven by the observed
wind stress and heat flux through the sea surface. Thirdly, two models are driven by the wind
stress, the heat flux and salinity flux, which are recovering the observed temperature and salin-
ity at the sea surface. It is commonly resulted that cyclonic circulation is formed east of Sakha-
lin and relatively strong flow is generated along western coast of Sakhalin and Hokkaido. The
volume transport function has a tendency to flow along isobath of bottom topography and ve-
locity field has a barotropic structure with vertical coherency. These results imply that wind
driven circulation is dominant in the Okhotsk Sea in comparison with thermohaline circula-
tion. However, temperature and salinity distributions in the Okhotsk Sea are influenced by in-
tensity of vertical eddy diffusivity. It is thus concluded that the oceanic circulation in the

Okhotsk Sea is almost independent from the intensity of vertical eddy diffusivity.

Keywords : Okhotsk Sea, thermohaline circulation, vertical eddy diffusivity

1. Introduction

The Okhotsk Sea is a marginal sea of the
North Pacific and is surrounded by Kamchatka
Peninsula, Siberia, Sakhalin Island, Hokkaido
and Kuril Islands. There is a broad continental
shelf along Kamchatka Peninsula and Siberian
coasts, while a relatively deep basin exists in a
southern portion. A characteristic features in
the Okhotsk Sea are an in-and outflow of the
Oyashio through some straits in the Kuril Is-
lands and the Soya Warm Current, which flows
through the Soya Strait and flows out though
straits in the southern Kuril Islands.

Some observational studies on the oceanic
circulation in the Okhotsk Sea have been car-
ried out (KAJIURA, 1949; MOROSHKIN, 1964;
KiTaNl and SHIMAZAKI, 1971; Kitani, 1973;
KURrRASHINA, 1986; WaAkATsucHI and MARTIN,
1991). SEKINE (1990) examined the wind-driven
circulation in the Okhotsk Sea by use of a

* Institute of Oceanography,
Faculty of Bioresources, Mie University,
15615 Kamihama-chou, Tsu, Mie 514-8507
Japan

barotropic numerical model and showed that
the wind-driven circulation dominates in win-
ter, while the circulation is mainly driven by
in-and outflow in summer. However, because of
homogeneous model assumption, the baroclinic
structure was not considered in his study. As
there exists stratification in the Okhotsk Sea,
to examine the effect of density stratification is
needed for the general circulation in the
Okhotsk Sea. In relation to this, it is well-
known that numerical oceanic circulation is
much influenced by the intensity of vertical
eddy diffusivity (e.g., BRYAN, 1987 ; ZHANG et al.,
1992) : the wind driven circulation dominates,
if small vertical eddy diffusivity is assumed,
while the thermohaline circulation dominates
in cases with large vertical diffusivity.

In the present study, we numerically exam-
ine wind and thermohaline driven circulations
in the Okhotsk Sea with special reference to
their dependence on the intensity of vertical
eddy diffusivity. In the following, detailed de-
scriptions of the used model and data will be
made in sections 2 and 3, respectively. The re-
sult of the numerical experiment will be
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Table 1. List of symbols
t time
u v horizontal component of the velocity in
the x-and y-directions
f Coriolis parameter (f=f.+ 8.+ 8,y,fo=

1.01X10*sec™)

B By linear change rate of the Coriolis parame-
ter (B.=8,=922X10"%cm 's™"

0o density averaged over the whole ocean
(1.027 g cm™®)

P pressure

Ay horizontal eddy viscosity coefficient (1.0
X107 cm® sec™)

Av vertical eddy viscosity coefficient (5.0 cm?®
sec™ )

g gravitational acceleration (980 cm sec™?)

T temperature (°C)

S salinity (psu)

Ky horizontal eddy diffusion coefficient (1.0
% 10" cm* sec™)

Ky vertical eddy diffusion coefficient (cm?
sec™'; values, see Table 2)

H total depth (cm)

T wind stress vector (dyn cm %)

o) total volume transport function

over bar vertically averaged value

mentioned in sections 4. The summary and dis-
cussion will be made in section 5.

2. Model

Figure 1 (b) shows the schematic representa-
tion of the model ocean. Coastal and bottom to-
pographies are simplified so that only the main
features are modeled. Vertical grid of the nu-
merical model has a relatively thinner thick-
ness in the shallower layer (Fig. 1¢), because of
large vertical variations in temperature and sa-
linity in the upper layer of the Okhotsk Sea (e.
g., YANG and Honjo, 1996).

We adopt a Cartesian coordinate on a A
plane with z-axis to the northeast, y-axis to the
northwest and z-axis upward. The inclination
of x (y) axis from east (north) is 45°. Under the
hydrostatic and Boussinesq approximations,
the equations of motion are
Ou _  Ouu Ouv Ouw 1 oP
ot ox oy 0z 0o Ox

0 | du 0%u )
ort oyt ) TAV G

ov _ _Ouv _0Ow Ovw ~fu——1—£
ot ox Oy 0z 0o OY
+A11(l“+*‘*>+AV67 @
0 _1loP_

where meanings of symbols are tabulated in
Table 1.
The continuity equation is
ou , Ov | dw
T = 4
ax+ay+6z 0 ey
Conservation equations of temperature and sa-
linity are

oT _  9Tu 90Tv 9dTw aT T
ot T o oy o Ka )
K, 6T
= ®)
0S _  0Su dSv  dSw 9*S | 9°S
ot 6r oy a*KAmz )
K, 8°S
+5a (6)
where
900
12 <0
5= )
o)
0 ->0

In accordance with setting on rigid-lid approxi-
mation, it is possible to define a total volume
transport function such that,

;- L0 - 109

@ T oy T or ®
To eliminate external pressure gradient,
barotropic vorticity equation is employed,
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Fig.1. (a) Map of the Okhotsk Sea. (b) Domain of the model ocean with a simplified bottom

Fig.

topography (isopleth of depth in meter). A pair of black triangles show the location of the
meridional cross section of the vertical distributions of calculated temperature, salinity
and density fields. (¢) Vertical grid distribution showing the thickness (in meter) of each
level.

2.

(a) Annual mean wind stress of the present model. No value below 0.1 dyne cm ~?is plotted. (b)

Annual mean wind stress curl. Contour interval is 10~® dyne cm ~* and negative curl regions are dot-

ted.



48 La mer 37, 1999

Table. 2 Conditions for the experiments.

Vertical eddy diffusivity

Model (K.: cm’sec-?) Forcing

Run 1 0.5 wind stress

Run 2 0.1 wind stress

Run 3 2.0 wind stress

Run 4 0.1 wind stress and surface heat flux

Run 5 0.5 wind stress and surface heat flux

Run 6 2.0 wind stress and surface heat flux

Run 7 0.1 wind stress, surface heat and fresh water fluxes
Run 8 2.0 wind stress, surface heat and fresh water fluxes

800 m

e —

800 m

Fig.3. (a) Initial temperature (in °C) distributions at the sea surface and the depths of 200 and 800 me-
ters. (b) Same as in (a) but for salinity distribulions.

10 ou’ oun o : 10 1o
Bl A e e 7= 3G 60) oy Car o) 4o

Density of sea water is a function of tempera-
+ Ay ﬁ+“>}dz] -’rcurl( ) 9 ture, salinity and pressure and it is calculated
or . .
by use of the Joint Panel on Oceanographic Ta-
where bles and Standards (UNESCO, 1981).
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Fig. 4. Vertical distributions of initial temperature (in °C), salinity (in psu) and ¢, (kg m ®) along the
meridional line shown in Fig. 1 (a). Divisions on top of pancls show the distance (in kilometer) from

the black triangle labeled S in Fig. 1.

The equations (1)-(10) are solved numeri-
cally with the horizontal grid interval of 41.27
km and time interval of 2160 sec. At the upper
boundary, following conditions are applied in
this study.

w=20
ou OvN
oA G 5p) = () (1)
0T @
oo =,

where 7.and 7,are x and y components of the
surface wind stress, respectively. C, is specific
heat of sea water and o, is the density of sea
water at surface pressure and standard tem-
perature and salinity. Viscous lateral and bot-
tom boundaries are assumed. No motion is
assumed in the initial condition. In order to see
the dependence on the intensity of vertical
eddy diffusion, three runs with different verti-
cal eddy diffusivity are examined (Table 2)
and the circulation is driven by wind stress. In
the next, similar three models but for giving

the surface heat flux are examined by use of
HaNEY (1971) formula in which the surface
temperature has a tendency to recover mean
observed temperature :

QT: a (Tobs, - Tcalc.) (12}

Here T is the observational sea surface tem-
perature and T.. is the temperature of the
shallowest grid point of the model ocean and
a is a constant of 1.0 ly day '(°C)'. These
models are referred to as Runs 4, 5 and 6.
Thirdly, we examine two models (Runs 7 and
8) to which surface heat and salinity fluxes are
added. Salinity flux is also given by the similar
method :

Q=a (Sobs. ‘”szc) (13)

Here S. is the observational sea surface salin-
ity and S.. is the salinity at the uppermost
grid point of the model ocean.

Maximmum integration time is decided by
spatial scale of the Okhotsk Sea and character-
istic diffusion time of the thermocline in the
Okhotsk Sea. Because zonal spatial scale of the
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15days 200days

500days

B ca/sec

Fig.5. (a) Horizontal distribution of total volume transport function of Run 1. Contour interval is 1 Sv
and regions with the negative stream function are dotted. Horizontal distributions of velocities at
(b) 20 m, (c) 200 m and (d) 800m of Run 1. No value below 1 cm sec™! is plotted.
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Okhotsk Sea is about 1/5 times as large as that
of North Pacific, it takes about 3-5 years to
propagate baroclinic Rossby wave in the North
Pacific. Therefore, it is expected that baroclinic
response in the Okhotsk Sea takes about a
year. From a relation between vertical eddy
diffusivity (2.0cm?/sec) and thickness of pyc-
nocline in the Okhotsk Sea (100 m), a chara-
cteristic diffusion time is estimated about 578
days. Because temperature and salinity distri-
bution in the mixed layer is changed in a year,
numerical integration in the present study is
carried out by 500 days.

3. Data

Wind stress data used in this study are an-
nual mean observational values, which are line-
arly interpolated to the grid scale from the
2° X 5° data compiled by Kursuwabpa and
SAKURAT (1982). Horizontal distributions of the
wind stress and vertical component of curl ©
are shown in Fig. 2. Eastward wind stress domi-
nates in the southern region, while northeast
wind stress does in the northern region. Since
wind stress is relatively weak in spring and
summer, the wind stress shown in Fig. 2
mainly represents that in autumn and winter.

The temperature and salinity data compiled
by LEviTUS (1994) are used as the initial values
of the model (Figs. 3 and 4), which are also
linearly interpolated from the 1° X1° data. Rep-
resentative characteristics such as the warm
saline water off Hokkaido and less saline water
in the northwestern part of the Okhotsk Sea by
the discharge of Amur River are well shown in
upper part of the Okhotsk Sea (Fig. 3). Ther-
mocline, halocline and pycnocline are located
in a shallower layer than 200 m (Fig. 4). It is
noted that there exists a temperature minimum
layer beneath the thermocline.

4. Results

Total volume transport function and hori-
zontal velocities of Run 1 are shown in Fig. 5. A
cyclonic circulation is formed east off Sakhalin
and relatively strong flow is seen along the
coastal lines of Sakhalin and Hokkaido. Total
volume transport function has a tendency to
run along isobath of the bottom topography. It
is also shown that velocity field has a vertically

coherent structure, which suggests the
barotropic structure of the velocity field. After
200 days, few variations, while detected and re-
sults in Fig. 5 are almost stationary state.
Barotropic flow is dominant in the velocity
field of Run 1 and baroclinic flow is very weak.
For this reason, it is suggested that thickness
of thermocline is thin and 8 o/ 0z is relatively
small under the thermocline. Distributions of
the total volume transport functions of Runs 2
and 3 (Fig. 6) are almost similar to those of
Run 1 (Fig. 5). These results show that the flow
pattern driven by wind stress is not altered by
the intensity of vertical eddy diffusion.
Temperature and salinity distributions of
Run 1 at sea surface and the depth of 200 m are
shown in Fig. 7. At sea surface, temperature
and salinity gradients are weaker than initial
temperature and salinity gradients, respec-
tively. Temperature and salinity at the depth
of 200 m are lower than those at initial state
(Fig. 4), which is mainly due to vertical diffu-
sion of minimum temperature layer. Tempera-
ture distributions of Run 5 are higher than
those of Run 1 (Fig. 7¢). At the depth of 200 m,
it is seen that temperature gradient of Run b is
stronger than that of Run 1. Vertical distribu-
tions of temperature salinity and o5 of Runs 4
6 are shown in Fig. 8. Temperature field of Run
5 has a tendency to be vertically homogeneous,
which is different from observational tempera-
ture field shown in Fig. 4. Because o, field is
changed by the increase in temperature,
isopycnal slopes are increased at a depths 300
m-2000 m. Although 0, gradient is commonly
formed in three runs shown in Fig. 8, horizon-
tal velocity distributions of these runs are ver-
tically coherent (Fig. 9). This is similar to those
of previous three runs shown in Fig. 5.
Difference of the horizontal velocity of Run 4
from that of Run 6 is shown in Fig. 10. Near the
coastal line of the Sakhalin Island, directions of
the differences are same as the velocity of Runs
4 and 6. On the contrary, the differences near
the coastal line of the Hokkaido are in the op-
posite direction of the velocity of Runs 4 and 6.
Experiments are also examined in the case that
heat and salinity fluxes are given at the sea
surface (Runs 7 and 8). In these cases, clear dif-
ference from others is not seen in the velocity
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6 om/sec

Fig. 6. Horizontal distributions of stream function (left), velocity at 200 m (middle) and that at 800m
(right) of (a) Run 2 and (b) Run 3. Contour interval is 1 Sv and regions with the negative stream
function are dotted. No value below 1 ¢m sec ' is plotted.

a 200 days 200 days 200 days

200 days 200 days

Fig. 7. (a) Temperature distributions at sea surface (left) and depth of 200 m (right). of Run 1 (b)
Same as in (a) but for salinity, (c) Same as in (8) but for temperature of Run 5.
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200days

200days
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Fig.9. Same as in Fig. 6 (a) but for (a) Run 4, (b) Run 5 and (¢) Run 6.

field. The velocity difference which is larger
than 107° cm sec™! is detected east of Sakhalin
and near the coastal line of the Hokkaido (Fig.
11). However, both differences are very small
and the order of 107° cm sec™'. These results in-
dicate that effects of surface heat and salinity
fluxes are weak for the general circulation in
the Okhotsk Sea. It shows that the barotropic
flow pattern is dominant in the Okhotsk Sea,
which is not influenced by the intensity of ver-
tical eddy diffusivity.

5. Summary and discussion
Oceanic circulation in the Okhotsk Sea is ex-
amined numerically with special reference to

its dependence of the intensity of vertical eddy
diffusivity.

It is commonly resulted that total volume
transport function has a tendency to run along
isobaths of the bottom topography and veloc-
ity field has a vertically coherent structure.
These results imply that the barotropic flow
structure dominates in the velocity field of the
Okhotsk Sea, which is not influenced by the in-
tensity of vertical eddy diffusivity. It is also re-
sulted that the wind driven circulation domi-
nates in comparison with the thermohaline
driven circulation.

Firstly, weakness of vertical density gradient
is assigned as a reason for the above results.
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Generally, characteristic velocity of thermo-
haline driven circulation (U.) is estimated by
the following equation (BryaN, 1987) :

0= [(5y (5

where g* and L are reduced gravity and hori-
zontal scale of thermohaline velocity distribu-
tion, respectively. From above equation, mag-
nitude of thermohaline driven circulation
depends on strength of density stratification in
addition to vertical eddy diffusivity. It is thus
suggested that weakness of the thermohaline
driven is caused by vertical density structure

!, 20cm s-30cm s~! and 80cm s <, re-

of the Okhotsk sea. Secondly, horizontal scale
of the Okhotsk sea is smaller than that of the
Pacific ocean and/or the Atlantic ocean in
which the velocity field depend on vertical
eddy diffusivity. Strength of thermohaline
driven circulation is generally decided by mag-
nitude of available potential energy. Because
spatial scale of the Okhotsk Sea is much
smaller than that in the North Pacific and/or
North Atlantic, meridional thermal difference
is small in the Okhotsk Sea. There is a possibil-
ity that independence of vertical eddy
diffusivity is caused by the difference between
their spatial scales.
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On the other hand, cyclonic eddy east off
Sakhalin seen in Runs 1-6 is qualitatively simi-
lar to that of the observational geostrophic
map (Fig. 12), so it will be formed by the wind
stress. Oceanic circulation driven by in-and
outflow and that driven by seasonal wind
stress have not been included in the present
study. These points should be examined in the
next stage of this study.
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Larvae and juveniles of two gobiids, Chaenogobius uchidai and C. macrognathos,

collected from tidelands in the inner bay of Tokyo Bay

Kouki KANoU*, Tetsu KoIkE *, Koichi SHIBUKAWA * and Hiroshi KOHNO *

Abstract: Larvae and juveniles of two estuarine gobies, Chaenogoius uchidai and C. macrognathos,
are described on the basis of specimens collected from the tidelands in the inner bay of Tokyo
Bay, central Japan. Larvae and juveniles of both the species are distinguished from each other as
follows : melanophores on the head and anal fin base are more conspicuous and larger in C.
uchidai than in C. macrognathos ; pectoral fin~ray counts are usually 20(19-21)in C. uchidai,
whereas 21(20-22)in C. macrognathos ; in specimens >12 mm in body length(BL), ratios of eye
diameter and body depth at anus to BL are larger in C. uchidai than in C. macrognathos ; barbels
on chin are present in C. uchidai =14.7 mm BL, but absent in C. macrognathos. Temporal and
spatial occurrences of these larvae and juveniles are also examined. Chaenogobius macrognathos
occurs in all the sampling sites of four river mouths and one lagoon. In contrast, C. uchidai occurs
only in Obitsu-gawa River, the only natural tideland remained in the inner bay of Tokyo Bay.
The limited distribution of the latter species is highly possibly caused by the reduction of
natural tideland, the bottom of which is widely covered with the sand, whereas the bottom of

tidelands affected by the reclamation being mostly covered with sandy mud or mud.

Key words : Chaenogobius uchidai, C. m

1. FLsIc

v+ T B (Chaenogobius) \ZJ@T BF 7 € ¥
(C. uchidai) &= F~¥ (C. macrognathos) &, &b
K OFEOBRRICAERET 2hE4cm B &0~ €R
BT, IhFEciumEsEns SMich I TonES
Frk oG an Tt (Takacl, 1957 : &#E, 1957 ;
WS, 1981 ; BHC#IE S, 1984 : PINcHUK, 1984 ; %4
A - HEH, 1993 ; BH{C 5, 1993). FE AT LHESE,
BHEEBS O BIEBEEICB O THEWCENL TV S
W, FIEYNEDOTHIC 1 SHOBIREE S 2 D 1xt
LTz BtV ETRAITE 3 (BACHTES

THRBUKERFREFIANE

T108-8477 BREHEX G457

Laboratory of Ichthyology, Tokyo University of
Fisheries, 4-5-7 Konan, Minato-ku,Tokyo
108-8477, Japan

and juveniles, Tokyo Bay

1984 ; $57K - B8M, 1993 ; BH{Z S, 1993). WifE D {T#E
U3, A (1957) RN (1979) ik vHEshTo
305, ZOHBIWFHTSY, ALWOBIESHSH»
ENTVAEV, HEOFHATREBRKO BB
DML, FRHHEBEEOHB SEET 50T, &
nECEREENTEXAAEESF .
WEAETImBEORBOHE I HiEshTwas (T
M, 1979 : /P - %H, 1980 ; i, 1980 ; $K - #4H,
1993 ; WP 5, 1994 ; ARZE S, 1996 ; BHEABREMR LD
IKERAEE, 1997 ; THE 1997), FHEEOHEIZxF
NEOHBTLIBEEA TV FTA, 1979 ; 71N -
ZZH, 1980 ; i, 1980 ; HZE S, 1996 ; BUREBIE(RES
RARBEREE, 1997, 46, KRB 7 »H o TR
THREI N9 + ) BREOHFHERAE NI HE - K
LR, F/E Uy EET FAEOTHEDTFHEAD
HESHERE N, AHETE, FIEVYNEEZ A
YOFHAOHBIAFEEWHSrICT B EE b, WA
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Fig.1. Map showing sampling sites (dots) in Tokyo Bay. Ar, Ara-kawa River ; Ed, Edo-gawa

River ; Ko, Koito-gawa River
Tama-gawa River ; Yo, Yourou-gawa River.

BT 2mEOHBHAIC >V TERT 2.
2. MElEAE
AR THOIATHEA, HETBNEBERO 7 hiioF
B (Fig.) B80T, 199744 Bh s 8 Hioh it ¢
BESNAL b OTH S, FEG LT LE, NS
M T oES 4m, S Im, $H 2m, R
Dfcd 35m, #H 08m) #MWVTiT-7. H#gIE 1 H
3T, KB mATH A TR L TPT IS 30m
BUOfe i, EAOKEEFS oIt FHTcORED
PETIT- 7o, %, HAOHB ORI L),
NI SR K B RERE RO L AV (FRERLL,
10% A=) v CHEIELABICT0B T F LT IVa — i
FCRE L

FRAOEREOLHEICR, #h2h 120 BkoF 7 ¢
o (R 88-176m) &z F ot (KK 89-19.4m)
ROV, EAOHEE L ORE I, MEEEAE0E
(R T 1T - 72 FHANGIEARIC Leis and TrNskl
(1989) - TV, FABIME N THIR : 7 o4 —
g —%ZHvT, K& (body length), RLFSfiSE
(preanal length), BLF9&Sc# 3{65 (body depth
at anus), ¥R (head length), BB (cye diameter),
Wik (snout length) %JIE L 7. BHEIK Ok,

; Ob, Obitsu—gawa River ;

Sh, Shinhamako Lagoon ; Ta,

BAZY A 7= 5R (RIMETHASH) ©feta L
BiAT-7z, INSDOEADTRLF 7 ¥ ¥ 59
& (k£ 18.7-169m) &= ¥ 61 ik (KE 14.4-1
9.3mm) EMIEA L, Porraorr (1984) 12ft - T
WIS B S LI A LR, BESB S BHEE
DETEE L UBHEOMES & BHE 0BG (P-V) o
Bafrofc, 8, PV Ny —voRiddd, W8
+5 (1984) kKt~ 7. F7, REEMEOXSE, BEAR
HJIZ KENDALL ef al. (1984) 126t - 7=,

AT U 7oA, UK Rk B T
Mz L7 v sy (MTUF-P (L) 08 &5 LT
W3 (MTUF-P (L) 5756-5799),

3. FHAEORE

APFFICH ORI, E VAT, FIFIMAD
HIERATLICOIE L, MR ic B e s e S s
BB 53 2 & T (Figs. 2, 3), B A~ER
FHEROTRE (EH S, 1988) &—%4 3. x5iT, &
0o OFRERIE, 52 TFEEAS 1012 #R5e, BEED 9-11
W&, BHEEHEM 15-17+18-20=33-36 T & - 7=
(Table 1). HAEONLHBHEDSIET, COL3 1
PHOMEGEE2L2bOIROIBATETHS - &

v ¥ (Clariger cosmurus), Y€ 7 1) 29 o
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Fig. 2. Larvae and juveniles of Chaenogobius uchidai. A), 88mm BL postflexion larva ; B),
12.4mm BL juvenile ; C), 14.1mm BL juvenile ; D), 14.7Tmm BL juvenile.

(Clariger exilis), 7 3 ,~<« (Chasmichthys dolicho-
gnathus, K v * (Chasmichthys gulosus), o % =Y
(Chaenogobius urotaenia), A 3 9 ¥ I 1 (Chaeno-
gobius sp.), ¥ =9 F 3 Y (Chaenogobius sp.), ¥ =
X H 4 o~ ¥ (Chaenogobius laevis), £ ) v I
4 % % (Chaenogobius
isaza), ¥+ (Chaenogobius cylindricus), 7 +
N ¥ (Chaenogobius scrobiculatus), F 7 € v/~ ¥
(Chaenogobius uchidai) 8B £ U F,~+¥ (Chaenogobius
macrognathos). 15, AR THV 2 EE&FA

(Figs. 24, 3A) 13, ThoofBELScd, BIFEER
HFicHHE T 5 v ¥ (Acanthogobius flavimanus) &
=2 n% (Chaenogobius heptacanthus) © EEFRA
wBRAREOSH s — v ENT S UL, @ E
BRI/ N O BRI SRR S T & PFTR

(Chaenogobius castaneus) ,

WEMHSERZ S L OF 2 s X USRS
LHIEE13), o YRENREPBERES
ZOBACTH T CEE L TR & ORBHETEDIP P
W& (37-38) T, AETHO 2O & BRI
Brlans,

3 E U EoNEREED S b, BB, 5 RIK
O3B FOHENH S (LHE 1997) : £ Yot
FaAE, Fax, 93y, 239y, £Y I,
FrEUAEBIOT FE 205 b6 BT
A U OB R BaRks BT 508 GE
1954 ; &, 1955 ; AFF, 1986 ; H§HE &, 1972, iGHED,
1988), AFEICAVFRICEREASET VY (Figs.
2A, 3A), DB LbHRBObORTF I N ED
T FABIENMT R -4, BAHANDEBOLOTH
IRE IS BERESHET 5 2 (Figs. 2C-D
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Fig.3. Larvae and juveniles of Chaenogobius macrognathos. A), 8.9mn BL postflexion larva - B),
13.1mm BL postflexion larva : C), 16.7mm BL juvenile ; D), 17.0mm BL juvenile.

Table 1. Frequency distribution, shown as number of specimens, of fin-ray and vertebral counts of

Chaenogobius uchidai and C. macrognathos

Dosal fin rays

Anal fin rays Pectoral fin rays

10 11 12 9 10 11 19 20 21 22
C. macrognathos 3 45 13 2 49 10 20 34 7
C. uchidai 12 47 4 52 3 11 45 3

Abdominal vertebrae

Caudal vertebrae

Total vertebrae

15 16 17 18 19 20 33 34 35 36
C. macrognathos 3 57 1 3 55 3 6 53 2
C. uchidai 56 3 50 4 1 54 4

3C-D), BRHEKEERIHET 27 I €, Fox, v+
ZIvFIY, Y vy ITOREIELT S, Ly
LM, 7a/nE, Fox, w3, 239+7Y
HEEEEOHRICAE CHY B0 ROER S 5

7,

Z&T GEE, 1955 ; A%, 1986 ; HEME 5, 1988), ¥
7oe ) I BB ASIRO L v XOFTALT IS - T
ROBPREMZ 2 &V E GEE, 1954) BLD
BIBEEISBE THTS2 LT (BA, 1952), AW
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Table 2. Frequency distribution of PV patterns of Chaenogobius uchidai and C. macrognathos

C. macrognathos No. of specimens

C. uchidai No. of specimens

4/1TMH01000/13 44
4/M1T00000/13
4/01010000/13
4/ITM110000/13
4/1T111000/13
4/0ITMI01000/13
4/ 1101000/13
4/0ITWII10000/13
4/T1TM0I000/13
4/TTTMI10000/13
4/H1110000/13

—_

= S DO 0 DD

4/1TO0I000/13
4/1T110000/13
4/TTI01000/13
4/WI1T0I000/13
4/10101000/13
4/1IMI0OI000/13
4/11001000/13
4/TIT0I0000/13
4/1M0OI0000/13
5/ITM0I000/13
5/MO0I000/13

S
—

CO DO — = GO = B b e e

Fig.4. Dorsal aspects of head, showing the developmental change of melanophore distribution,
in Chaenogobius uchidai(A-D)and C. macrognathos (E-H). A), 8.8mm BL ; B), 12.4mm BL ; C),
14.1mm BL ; D), 14.7om BL ; E), 16.1nm BL ; F), 16.5mn BL ; G), 16.7mm BL ; H), 17.0mn BL.

FCHWHER GBE 68D & HBcEshs. L
rDIEDS, KETHO AR TRXTF 7 €Y
NESLL BT FANETH B M n.

B8, AR THOLE 1 TS HE L FHAOP
Vosyg—vid, bThicERMNEZ 00, @E4/1
OI0I000/13 Tdh -7 (GHHlL 72 120 fEAD 70.8% :
Table 2). ThETHONTVANERAEDO LM T,
DRy —VEEODRTF /By Y EL FANEDLT
»5 (B{CHT S, 1984 ; BIRDSONG et al., 1988).

oot s SicEERROBEERALS 25
Dy A FEHnFont (Figs2, 3). —HD¥ 4 7Tl
(Fig.2A-D: IF ¥4 7AE$3), HLERHLE,
BREREH, R 2BHLIBEOREHOHEK, RERRE

MOBBRMPRBOBBIRT, & ICBBREEEHHR
KHHRT 2HBREI1ETH 2L, AHHIOKRE
SWRIEM S, X5, MEoBRBREEATR CHVE
B/NOFfE (KK 88m) T TIcHE L, KE OB
KcHs (Fig.4A-D). b5 —-FHo 54 73 (Fig
SA-D:LIT447B&d 3), HLERKMTYHEH #
FERLIRER, 582 Wi BIEO KB OER, RSN
DO BEEREHSAIE &Ik L B/ OoBEIRT, &
CicBBEEThRoBaRKE 14 fT, zhzns
12 HEINORESE LD BICTER L. &5, NI
OREEFEMEHS (KK 161m) 18- TH S HE L
W, Lxbs/NIORBEIRTHE»EZ W (Fig. 4E-H).

SHEEEM O 2 >0y 4 S TEET B (Table
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Fig. 5. Ratios of body—part lengths to the
body length in Chaenogobius wuchidai
(solid circles) and C macrognathos
(open circles).

D. LAL, WEORHEM S 4 7A T 20 8K, %
17BTH2ARKKTHBIET, HBHEKROEH
A% 4 7ATIE 15+19=34, % A4 7B Tk
16+-19=35TH B I L TR ->T WS (Table 1),
7o, HMERE R, HE, WE, HfRiTEOKRELTE

Fig. 6. Ventral aspects of head in Chaeno-
gobius uchidai (A, 147mm BL) and C
macrognathos (B, 17.0mm BL), showing
the barbels in the former species
(arrow).

HHAHZECC220 5 4 FicEBa ohisw (Fig
5. Lal, BELIMcksd 2hE0kE,R, *E
2mm U EOFHERTIZS A 7AR Y4 7B L0 &
ootk EW (Fig 5).

INSD22D547DHL, ¥4 7ATE, KE
148mm LI EOHRIcHE T, F/EUALOBRMTH
% FEHEE O 1 W oFRZESHET 5 (Figs. 2D, 6A).
—J, 54 7BTR, (FHENEE L TRIRESE S E
L7\ (Figs. 3A-D, 6B). L7zdi-7T, APE I,
SATARF I XY, y4TBETRFAELEEEL
7z,

4. HFHBOTH
4.1 F U ¥ /¥ Chaenogobius uchidai (Figs. 2, 4-
6, Tables 1, 2)

LUV o RER (TR 88-17.6mn) DFTFERRL,
LRGN S 5 AT, HNERTROEAHE
RIREE 11.9m, HAOE/NMIK AR 124mTdH - 7.

FHAREIHEL, ZoEREED 12-14%TH
% (Figs.2, 5). NFIAED 55-65%ichifE 4 5. HA
REAED 23-31%, Wit 45-659%, BR#%iE 5-6.5%
Th 5.

45 88mo LE#AA (Fig. 2A) T3, FEigs
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34, BHEBRD 15+19=34 TEEISEL TV, &2
EREAS | B 11 8RS, BEEAS 1 B 10 $RSs, REEOHIRS
BH9+8=1TT, ThZNERITEL, KFZEHH

LT3, MERBERTERIERI TR, B
Lgg gz s RELTOREY., EHENET0E
-10 HET T icid, LHEcEERBE S B HEICR
Hons, FESEBEEOL Y ZOREICEL TV 3.
HeEHEEIR £ 22 3Rk, s, B (Ricid
RLTWEW), E - FEsen, THERA, Wi, B
PYEREALS, EEA O E coEdhi b, HLERR
i, BEAER, F2NEIBBEoAEROBR
RBEEESRICOMT 5. &<, BIERGTEE &
FERLEER, 2 HHE E BEORKRROHEE, RERKLT
DHDIE, RKUOKEBIRTEY >, ZBEEERL R
oREHEEET IETH EH, -4HHSOKE SITAY
3. RoRGHMEE, PREICREIOBEARD 1 @2
HELTW3 (Fig. 4A).

KE 124moOHef (Fig. 2B) T3, 21155 6 ¥,
g hs 20 BRse, NEEEDS LBR 5 BRGkT, ThZhERIC
FET A, F 1 SHBHETIAOMBRBEEITHS. B
WO FiIcBHEL TV S, BRETOY - B
EEeFRiastiingd 5.

#E 141mOHR (Fig. 20) T, 32 HEE, B,
RBEOREZSHHELTWS, @I HREL, KED
BIETRT 5. FESEMREROL v XothiGEST S
B, BIRLEBEILIcobN S, BoSRERITKE
W% & RMORIEICILA B, 51 EEEE 2 HEOMN
OB IR I BRREAHET 5. MRTE, P
DOARMOBEFZICMA T, DAk OERIC 1
*E, FiEohsic 1 o BERESPHEL TV S
(Fig. 40).

1AE 14TmoH#fA (Fig. 2D) T3, FMEBAMER
OB EF BTN R ERPDD, IOILE
D% 1 WoRRERSHEL TWS (Fig. 6A). #
ONTERIE, &SI - BRICHT TEM S, LERN
BIRO L v XO%isIcET 5. FRETEKEZ0RE
ZlansHE LTV 2 (Fig. 4D). % 7-88%, WH¥»rSE
WO, KRR EBROMPE L, & XUHE BiE
B b s 38R & - AR BERASHE L, BA
Db OB DA E 5.

(&E 15.TmPl Bic /s 5 &, EERSIRIZIRORIG 8 A
TW3, BHEMAES S HE OB IREIT L & BE O
g Fle—Fhicltey, B & 2IER U G - B,
1993) &18 5.

4.2 T K\t Chaenogobius macrognathos (Figs. 3
-6, Tables 1, 2)

MHEICA O FRER (RK 89-194m) ORBEPE,
TEBFENS 2V I3HAN T, LERTRORKRMEIE
AR 12.7m, M OR/MEEIZEE 13.1mTd - 72,

FHEIESHEL, TORFEREED 10-13% TH
% (Figs. 3, 5). AR D 56-66%icfridd 5. U
EREED 23-31%, WEIZ57%, BEZ456%TH
3.

AE 89md FE®BFHA (Fig. 3A) TR, Mg 34,
BHEBBAS 16+19=35 TERICEL TV, H2HE
B 1K 11 BRGe, BEEDS 1K 10 8RS, REESHIRSEL O
+8 =177, #NFNEREL, REFHTLTL
3. Migg 3B TR EER S TwIEV, B1EEE
g B LWL, BRI O S 8-12 il
TFicid, EiicRBEHERE RS BsHRRICED o0 5.
TEHHRRO L Y AFRICEL WS, BERER
AkoEsRs, Hig Kicdmlcwiy), k-
TERRE AR, R, BEEHESE, BEEA OHfETO
ferhi b, ML RIS, BEEEEL, B2 EEL
BREOHKEMOE R, RBRERERCHHTS. &<,
AL ARURRTE, BEAES, $2EE I BEORK
MoK, REEERDO SO, MERTHTD. £
B HESRRoBORKIE 14T, ThEans 1-2
i OKE SICLEN 5.

RE 124mo_HRBIRATHE, B 1EEI6HT, %
PoREEEDS | RS RG TERICEL TV 3, MBESRE
4ABED SNED, EREERTTEHRICEL TV
V. IR ST ORI 4 TH B,

KK 131mO#M# (Fig. 3B) T3, gD 21 K& T
EHIEL TV S, BRI LicErHEi L Tw 3,
1RE 153mOMEH TR, 258 BB EBEEOREH
SRELTWS, EEENMER L, BELRIZ5HRT 5.
RE 16.1mORA TR, MRicEEFEIHEL, P
RN/ N OBEIR D 4 BoamLTw 3 (Fig
4E). &K 165mOMA T, & 5ichfic BRI
B L, thidEs & BN /N ORER O T @35 L
TW3 (Fig. 4F).

HE 16 TmOMHA (Fig. 3C) T, BILA, HIRH
CBRBIICH PN G, BOSTIRGKEIT®RS & RO
BECEA S, FHEEBEERO vy XodiIcET 5.
BiE ot - BRoRBREs#NET 5. METRs S
NS oRERO BEERSEIL, oot
WL 5 (Fig. 4G).
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Table 3. Occurrence data (number of specimens followed by size range of body length in mm in parenthesis)
of larvae and juveniles of Chaenogobius uchidai and C. macrognathos, shown by sampling sites and

dates
C. macrognathos C. uchidai
. Apr. May June 27 Aug. Apr. May June 27 Aug.
Sites/Dates  94-99 24-30 ~July 7 1-4 24-29 24-30 ~July 7 1-4
Tama-gawa 8688 307 0 0 0 0 0 0
River (89-186) (9.2-18.7)
Ara-kawa 85 4 0 0 0 0 0 0
River (136-17.4) (19.3-21.3)
Shinhama-ko 1235 987 0 0 0 0 0 0
Lagoon (7.7-164) (13.2-24.2)
Edo-gawa 1203 19 0 0 0 0 0 0
River (89-18.2) (10.2-21.3)
Yourou-gawa 0 0 0 0 0 0 0 0
River
Obitsu-gawa 58 19 0 0 8 60 8 0
River (8.1-14.1) (15.4-20.3) (8.7-119) (125-17.4) (13.9-16.3)
Koito-gawa 0 0 0 0 0 0 0 0
River
0 : no specimens are collected.
FE 17T0mOH & (Fig. 3D) T, FHEAHOME (R 7.7-24.3m, 3112623 fiiK). Ch oD 5 0FETTIHE,

Bic OB EZ LA INSBLETABHET S (Fi
26B). BEOATIRIE, X510 - EBICE T TED .
LEESIRIER O L v BB E Y 5. BRI IS
C ORMEMSHELTWS (Fig 4H). %7-, i#H,
S S BMOER, BKRBLEBOMPRE, LU
ke, MEE REEOEE LI ISR E AR BE
FIEAHBEL, RES S OBMOERI BT 5.

BRE 17Tl e 2 &, FEBESIRO%RIEEZ
TWw5, 2 KO %R THBIDIERIRL & BB
Lo ST, mf & 13 ERE B (8K - BEH,
1993) &7 3.

5 EREILEITZEER

RABAET 1T HPFROTRED S B, BEIE/NRINT
&, FI7EV N EBEP T FNEEIRES ML -
(Table 3).

FIoEUNER, 4HTAMS 6 ATaIS, /MEID
Hip SERES N ((KE 8.7-174m, 376 k). 4 A
N EEBFROAY, 5 TS 6 AT
MR OADPRES NI,

—Ji, T kiR, 4 A NEIRS 5 AT, 2R,
TN, iR, TR, MENN O s hETk b RES

4 ATNA0H b A TaLn b RES L. BRER
BEPRLED» - -3 4 A TFEOLEE O 8,688 {4
T, RWT 4 ATaIOFR (1,235 @K, 4 ATEo0
L) (1,208 &), 5 A FHIOFTEE (987 k) T
boto. BT, BREMEROERGDEL->DIIAT
oMo 4 fiET, woTdh ATAOIAN (19
) LB Q9K THh -7, 4 ATFHESAT
HOZEN TN B LU 4 A A OFEH &/ NEINT
@, FEBFRIHRSRES N, £/, 4ATHE
5 A FRIOTRNB LU 5 B FaoFEE &/MENTE,
MO A BRES NI,

6. & =B

AKFETF 2 € v EBLU L AL EEELLHER
DOFHEEM (Tables 1, 2) DWW 2hiE, BT X
I, BERDOIHL (Takagi, 1957 ; j&#H, 1957 ; W
5, 1981 ; BI{CHIF S, 1984 ; #3K - B4, 1993 ; B
5, 1993) THIS A TW /DR (E OHFH &
PERE-TW Fr B NEOFE 1 -6 (PEk
60, Mg 19-21 kL (16-198RER), T AL ODE
18568 (61D, %2948 10-12 85 (11-12 8
%), BEE 911 k4 (10-11 8RS, Mufg 20-22 Bk (20
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RS, BHESEL 15-17+18-20=34-36 (16+19=35).
2 g TOWREOSEFHISIIE UL IS WERICE S
Wb TEBY, CThoDERIBRNERTH I LS
Zoh5. Ff, BE Q%D B, FrEYNEOEE
L omilc, YEROBBSHET 2 EMELT
W5, Lol, ABETEL N HEBEOFHATE,
RN BRI OB HET 2720 T, YFEROBERE
WHB Uik -t EROEAR (i, 1957, Fig. 5F)
WERBETH D, AHEOKHIOBHIC I HBEZER S
b LAfe b RBESN B,

I P OFHEADHEEBBRE D S EREBOILVE
HioREShIOIHL, F7 €y EOFHAIE
JEERD/MBND B & LriRES NI, -7 (Table 3).
IO ONMIRIRE, ChE THRESNTVIRAD D
@ (FrA, 1979 ; ¥T9 - ZH, 1980 ; ik, 1980 ; #5°K -
BEFE, 1993 : WEF 5, 1994 ; IRZE S, 1996 ; BESARBRER
RLEKEEA, 1997 ; THE 1997) &—Hd 5. W
moEET 2/ MENTR, 778y EoffRMBTER
AETEOWET, = M Yot sV—7%
BiETEBOWRETRES N, FEE)ITOmTEDRA
OHEBRITIZITEE LTV, FHALERK F7¥
YAERBECZVEIEFEREIC, £z P ERIEED
omnws ) -zt Aaons. Ebic, =F
NERIHBEFRESNAZEN, KN, FEY, TE1o0
TEOEBZIR, WRES LLREETHY, BETRE
W, XA, FIEYAENI FAEICL 5T,
XoEomVTFEICHET S &V EREE, B -1
M (1993) L BFRBEOTREIITEALNTVS.

Do THEEEICIEIKERCRIRTE, &, o185
HROBEHIEMSLL A SN TV, Z0OEBEAEDR
1970 R F i HIREIc T Y, BEOBREITE
ahte., 20T, BHE KRELDEHENSERE
BIOEWETE->TWADIE, /MEEOZDLE LI
gz s vicgRMNoltBosTH S (HE, 1993 ; &
EH, 1997). O XS BHEHIITPHEREEBLEICLD,
A, WEBOEYERE LBl TEk. BaH
(1997) &, PO THEIMOEME - TR TSNS
¥+ 9 2 (Umbonium moniliferum) 7 I = F
(Batillaria multiformus) SIS WEER/NEI D
TECULIPEERLELE DR, BHITTRHEHICK
2 BRI ORI S BIE OB LB L 12 hTH B T
LaEHELTwS. £, 90EROA T LA
(Kareius bicoloratus) DD, sbkAvALvA4&=
a# v 4 (Plewronectes yokohamae) ORI,

4 v H VA AL SERBIC CCBVDEOBIEICAE
B4zl abvs ReEmEeEis2@UTLDED
BRTcAR T 3 & W ) TREOETER OF GEH, 1980 ;
B, 1984) T, HEWITICk BEH - TEOBVIE
BHICAER Lz »icE ChoTREBVWALOERbH
% (EZM, 1985 ; T, 1997).
HHBILBIRF 7V NEORHEMBHONE L DI
1o e REBEFEO I ETHY, THLE, &<
DO THFBIEL BWETESEEL T HOKED
B3 D P - TOIEL, L LENS, HEDOXSE
BB AHEEATER S N B3, EHT T A0E

FBORDLY, PEhoTEEESITVE L0 LHE
h3.
E i3

AR EED Bicbhlc b, BYRKEELPEE VK
W RFUKERY AR E R BHEE LIRSS
IEHLHF B, i, AHROREIWHL TS
ERFEE DA RICEHS 5.

X #®

HCERE, w A% HEEk, BHAE, B A
(hAkRes] (1984) : ~¥HH, BAERBANE
FSH—, ENFRkR, mER— CEERR, Hig
K HRE, W, pp. 228-276, pls. 2356—258, 353—
355.

BE{, EHBEA, RAR—, MEHET (1993) @ ~EH
H. BAERERE 2BoRE (hHHRXR),
WHEAFEHMRS, WRE, pp. 997-1116.

BirRDSONG, R. S, E. O. Murpy and F. L. PEzoLD
(1988) : A study of the vertebral column and
median fin osteology in gobioid fishes with
comments on gobioid relationships. Bull. Mar.
Sci., 42 (2), 174-214.

MEES (1954 v v ITOEIER, ABUEME, 3,
133-138.

SEHEES (1955) ; v T ) OAES. WAKBFEHE
15, 367-374.

WikEE (1957)  F 7/ ¥ EOLERE - AR, A
SEMESE, 6, 97-104

BEHEFSR (1985) : & 9 =HAE - £, BALED
R (HARBEFQNREERERSR), ®
WREHE, ®E, pp. 373-387.

RS EFSR (1997) : & 1 ERoEY B3 BEEEL
Y. HEBOERE (BRE, BDHAXRE, £
HisEfE, pp. 45-114.

LEEE (1986) : v+ =Y (Chaenogobius annularis
Gill) 3FOFEFEH - AR Ko+
) 3L E IS BT AR, JLBEREKE
SRR LA, 375 pp.



68 La mer 37,

HBEHE (1993) : B EHEFBOA WL HERE
DO, HEBOHE - g &k (HFERE
W), FutiESE, pp. 1-19.

KenpALL, A. W, E. H. AnLstroM, and H. G. MoSER
(1984) : Early life history descriptions. n : “Onto-
geny and systematics of fishes” H. G. Mosgr, W. J.
RicHArDs, D. M. Couen, M. P. Fanay, A. R.
KENDALL, Jr. and S. L. RicHArRDsON (eds.), Amer.
Soc. Ichthyol. Herpetol.,, Spec. Publ. 1, pp. 11-12.

wE M, B, ZREE (1994 ¢ %@JH"FF@
DRIFM- 1. O KAELEYAERR RREE,
RO A X BB 23, pp. 19-45.

TREZEME (1997) : 55 1 iR ooEY) E4EmME o
REOHARE (RHE, JEEHFRE), $hiE,

pp. 115-142.

LEis, J. M and T. Tryski (1989) : The larvae of Indo-
Pacific shorefishes. New South Wales Univ.
Pres@ Kensington, 371 pp..

B R (1984) : A A LA OFIEVEE . BHAKE
45K, 50, 551-560.

AZEE T, HEEF &%, W% E (199%) : &’
FBEREEEOFEICHE T 2 88 SLUKE
RFEFRHE, 82, 125-133.

PiNcHUK, V. L (1984) : Survey of species of the genus
Chaenogobius Gill and two closely related
monotypic genera Rhodoniichthys Takagi and
Paleatogobius Takagi (Gobiidae). J. Ichthyol., 24,
545-551.

PortHOFF, T. (1984) : Clearing and staining tech-
niques. In : “Ontogeny and systematics of fishes”
H. G. Moser, W. J. Ricuarps, D. M. CoHEN, M. P.
Fanav, A. R. KEnpaLL, Jr. and S. L. RICHARDSON
(eds.), Amer. Soc. Ichthyol. Herpetol., Spec. Publ.
1, pp. 35-37.

1999

A — (1981) : WEGEICBIT 54 v 7 L A HEFARD
SRS R, BHFD 55 R EUKE K FE LR
53 pp..

WHIEE, BEHSRE, AA80E (198D : kB EEK%A
Mmoo F s ¥y E, FEFHEE 28 197
198.

EHE B, EEEE Q972 kY onEoskTER, E
RS IKEE R FT S, 34, 19-27.

e B, EERER FE - BRF, & EHE,
W Bz (1988) : ~YiUiH. HAREHAKE (b
HoREER), SR HRSE, W, pp. 664-723.

WAF Lz, WH & (1993 RERTHRERsh+
N Lnth EEES 2 EREHEH4E L O
P. Diving News, 4, 2-6.

EARFNE (1952) : v+ T Y RUZD 2 ITURED SR
B3 2 HLHIMIRRSY. REREMEEE 2, 14-22.

Taxkacr, K. (1957) : Description of some new gobioid
fishes of Japan, with a proposition on the sensory
line system as a taxonomic character. J. Tokyo
Univ. Fish., 43, 97-126.

TNt (1979) : Frilklics i 290 - MET o BEE
A FEE - FEPERS, 55-74.

TR, LHFAE (1980) : AN - Hifffa b LU
DFEELH & BEHAE, TEEFIIOKBEEXA
YiRAEH L, 57-90.

SRS RARKERSE (1997) © Rk 7 EREAAE
AR ERE RS S, 574 pp.

T =— (1980) /MBI O FREOBE Hic@E ot
@@*Jﬁﬁ EAEFRIZ D WT FREEAREE A A M7
OB oA IR F S IEELEYF
DroeE - FEEAYESEE), 142,

199943 3 5 A ff
199947 H30H =#



La mer 37 : 69-79, 1999
Societe franco-japonaise d’oceéanographie, Tokyo

East-west distributions of chlorophyll a, primary
productivity and their size compositions in the early
winter subarctic North Pacific

Akihiro SHIOMOTO*, Masaaki NANBA™*, Kazuya NAGASAWA™
and Yasuhiro UENO***

Abstract : East-west distributions of total and size-fractionated (10-200, 2-10 and <2 um) chlo-
rophyll a concentration and primary productivity were determined at the surface in the
subarctic North Pacific during November and December 1992. Higher total chlorophyll a con-
centrations exceeding about 11 g 17! were observed at stations west of 165° W, the western and
central subarctic North Pacific (W &CSNP), compared to those of the eastern subarctic North
Pacific (ESNP), located east of 165° W. Total primary productivity followed identical regional
trend at the stations with values exceeding 1.5¢g C 17! h™!'. Large phytoplankton, the 10-200
nm fraction, generally contributed to the high total chlorophyll @ concentrations and primary
productivity. Out of several environmental factors considered under the present study, wind
velocity tended to be higher at stations in the W&CSNP than at those in the ESNP. High wind
velocity induces more turbulent water column conditions, and such conditions favor large cells.
We thus suggest that more turbulent water conditions induced by high wind velocity was an
advantageous factor for survival of large phytoplankton in the surface layer, and hence
the high total chlorophyll a concentration and primary productivity were achieved in the

W &CSNP.

Keywords : Chlorophyll a, Primary productivity, Size composition, Winter North Pacific

1. Introduction

In the subarctic North Pacific in summer,
chlorophyll @ concentration in the surface
layer tends to be higher in the western region
(mostly 0.5-1 £ g 17" than in the eastern region
(mostly <05 ¢ g 17') (KAWAMURA, 1963 ;
ODATE, 1996 ; OBAYASHI et al., 1997 ; SHIOMOTO
et al., 1998). However, primary productivity
does not always show the same trend ; for ex-
ample, daily primary productivity was not sub-
stantially different between in the western
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region (278-1,397mg C m*d ") and in the east-
ern region (290-1,550 mg C m~2d~") (SHIOMOTO
et al., 1998). Small phytoplankton of less than
5 #m dominate the phytoplankton community
in the subarctic North Pacific during spring
and summer, accounting for 40-80% of the total
chlorophyll a concentration, except phyto-
plankton bloom when large phytoplankton of
more than 10 £ m account for more than about
80% of the total chlorophyll a concentration
(BootH, 1988 ; ODATE and MaiTa, 1988/89 :
ODATE, 1994, 1996 ; SHIOMOTO et al., 1997). Like-
wise, the small phytoplankton contribute sig-
nificantly to the primary productivity of the
phytoplankton community, generally account-
ing for 50-70% (WELSCHMEYER et al., 1993 ;
SHIOMOTO et al., 1997).

In contrast, only a little is known about the
east—west distributions of the chlorophyll «
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concentration, primary productivity and their
size compositions in winter. OBAYASHI et al.
(1997) showed no substantial difference in
chlorophyll a concentration (mostly <04 u g
17") between the eastern and western regions.
SuioMoTo and AsaMr (1999) reported the high
west and low-east distribution patterns of chlo-
rophyll ¢ concentration (mean at the surface
was 0.62 £ g 17" in the west and 0.44 £ g 17" in the
east) and primary productivity (mean at the
surface was 04514 g C 1" h™' in the west and
0.29 £g C17'h7'in the east). A few studies in
winter indicated the identical trends as those
in spring and summer in the contribution of
the small phytoplankton to chlorophyll ¢ con-
centration and primary productivity (BoyD et
al., 1995a, b ; SHIOMOTO et al., 1997). Hence, there
is a necessity to acquire information about the
east-west distributions of them in the winter-
time subarctic North Pacific.

In this paper, we report the east-west distri-
butions of the size-fractionated chlorophyll a
concentration and primary productivity at the
surface in November-December 1992, and dis-
cuss the factors leading to their distributions.

2. Materials and Methods
Water sampling and incubation experiments
were conducted during the cruise of the R/V

Kaiyo Maru belonging to the Fisheries Agency
of Japan in the northern North Pacific during
November and December 1992 (Fig. 1). Surface
seawater samples were collected around noon
using an acid-cleaned plastic bucket and were
then sieved through a 200 # m mesh screen to
remove large zooplankton.

Total and size-fractionated chlorophyll a
concentrations were measured by fluorometry
(PARSONS et al. 1984). Total chlorophyll a was
determined in samples filtered through 47mm
Whatman GF/F filters. Size-fractionated chlo-
rophyll a was measured in samples obtained as
follows : seawater samples were filtered
through 2 and 10 # m pore size Nuclepore filters
and the filtrates were then refiltered onto 47
mm Whatman GF/F filters(<2 and <10 4 m
fractions). The filters were then stored frozen
at —20°C until analysis ashorePigments were
extracted in 909 acetone and the fluorescence
was measured with a Hitachi F-2000 fluoro-
photometer. Calibration of the fluorophotome-
ter was performed with commercially prepared
chlorophyll ¢ from Wako Pure Chemical Indus-
tries, Ltd. (Tokyo). Chlorophyll ¢ concentra-
tions for the 2-10 and 10-200 # m fractions were
obtained from the differences between the <10
and <2 # m fractions and between the total
and <10 ¢ m fraction, respectively.

60°N

- 50

- 40

T . T A T M T v ¥

130°E 140 150 160 170 180

T v T B T v T v 30
170 160 150 140 130°W

Fig. 1. Location of sampling stations in the subarctic North Pacific between November 28 and
December 18, 1992. O : stations for measuring chlorophyll a concentration and primary
productivity at the surface ; @ : stations for the CTD casts. As station, numeral and alpha-
bet are attached to open and solid circles, respectively.
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Total and size—fractionated primary produc-
tivity was determined by the ®C method
(HAMA et al., 1983). The primary productivity
experiments were started within 1 hour after
sampling. The seawater samples (1-1) were
dispensed into six acid-cleaned 1-1 polycar-
bonate bottles and enriched by the addition
(1-m1) of NaH®CO; (99 atom% “C ; Shoko Co.,
Ltd., Tokyo) to about 10% of the total inor-
ganic carbon in ambient water. Incubations
were conducted under sunlight and were
cooled with near-surface seawater for 2-3
hours. The fractionation of the samples into
size classes was carried out after incubation.
Immediately following incubation, two samples
were filtered directly through precombusted
(450°C for 4 hours) 4Tmm Whatman GF/F fil-
ters (total). Two of the remaining four samples
were filtered through a Neclepore filter with a
pore size of 2 4 m and another two with a pore
size of 10 4 m. The filtrate was refiltered onto
47mm Whatman GF/F filters(<2 and <10z m
fractions) and the particulate matter on the
Whatman GF /F filters was rinsed with
prefiltered seawater. The filters were then
stored frozen at —20°C until analysis ashore.
They were treated with HCI fumes for 4 hours
to remove inorganic carbon and completely
dried in a vacuum desiccator. The isotopic ra-
tios of *C to *C and particulate organic carbon
were determined through infrared absorption
spectrometry using a JACSO EX-130S®CO.
analyzer (Japan Spectroscopic Co., Ltd,
Tokyo ; cf., SATOH et al., 1985). Total inorganic
carbon in the water was measured with an in-
frared analyzer (Shimadzu TOC 5000). Primary
productivity was calculated according to the
equation described by HaMa et al. (1983). Size
fractionated primary productivity was esti-
mated in the same manner as the chlorophyll a
concentration. Repeatability of the experiment
was 7.3% as the coefficient of variation for nine
replications.

The surface temperature and salinity were
measured with a thermometer and an Auto
Lab salinometer. Surface nutrient concentra-
tions were immediately determined using a
Bran and Luebbe Auto Analyzer II. Atmos-
pheric pressure, wind speed and incident solar
radiation were recored at ten-minute intervals

by an Automatic Meteorological Observation
Systemn (SCS-9810ED ; Nippon Electric Instru-
ment Inc, Tokyo) mounted aboard ship. In ad-
dition, vertical profiles of temperature and
salinity down to 1000 m were measured at sta-
tions whose locations were different from the
locations of stations for measuring phytoplank-
ton chlorophyll ¢ and primary productivity,
using a Neil Brown CTD Mark II or a Sea Bird
memory CTD.

Vertical tows with a Norpac net (mesh size :
335 m) equipped with a calibrated flowmeter
were conducted from a depth of 150m to the
surface nearby the stations for CTD casts irre-
spective of day or night (NAGASAWA et al.,
1997). The contents were fixed in a 10% neu-
tralized formaline seawater solution. Zooplank-
ton were sorted into the following categories in
the laboratory : euphausiids, copepods, ptero-
pods, appendicularians, chaetognaths, ostra-
cods, jellyfishes, salps, fishes, squid and others.
Wet weight was measured for each category.

3. Results

The crest and trough of atmopheric pressure
were observed for a period of about 3 or 4 days
(Fig. 2a). High wind velocities were observed
during or after the passage of low atmospheric
pressure(Fig. 2b). In particluar, wind velocities
exceeding 15 m s™! were observed between No-
vember 28 and December 13, that is, to the west
of 160° W, but such high wind velocities were
not found after December 13, that is, to the east
of 160° W (Gulf of Alaska). Daily solar radia-
tion ranged from 1.8 to 124 mol quanta m™
d~! (Fig. 2¢).

The subarctic North Pacific is defined as the
area north of the Subarctic Boundary, denoted
as a vertical 34.0 isohaline in the surface layers
(DODIMEAD et al., 1963). Based on the surface sa-
linity data, we judged whether or not a station
was located in the subarctic North Pacific (sur-
face salinity <(34.0).

Water temperature and salinity at the sur-
face were respectively within the range of 4.5—
10.6°C and 32.774-33.849 at the stations along
the sampling tract (Fig. 3a, b). Nitrite + nitrate
concentrations were in the range of 3.3 and 20.1
u#M (Fig. 3c). The depths of the upper mixed
layer, defined as the depth where the vertical
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Fig. 2. Variations in atmospheric pressure (a), wind velocity (b) and daily solar radiation cal-
culated by integrating the data recorded at ten-minute intervals (c). Solar radiation was
monitored in lux units and the lux units were converted to ¢ mol quanta m s~ using the

relationship, 1 Klux = 165 £ mol quanta m *s™' (RICHARDSON ef al., 1983).

variation of sigma-t became maximum, ranged from 0.20 to 241 4 g 17! and showed 12-fold
from 57 to 152 m (Fig. 3d). variations (Fig.4a). High chlorophyll a concen-
Total chlorophyll a concentrations ranged trations exceeding 1 ¢ g 17! were observed at
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Fig.3 Variations in temperature (a), salinity (b) and nitrite + nitrate concentration (c) at the
surface, and depth of the upper mixed layer (d).

Stns. 1, 2, 6,9 and 11 ; and a high value nearly These values showed 3.7-fold variations and
equal to 1 x g 1! was found at Stn. 7. These sta- were rather uniform. The percentage contribu-
tions were located in the region west of 165° W tions of the 10-200 4 m fraction to total chloro-
(Fig.1). The values at the remaining stations phyll @ concentration were highest at Stns. 1, 6,

were within the range of 020 and 0.74 u g 17", 7, 9 and 11 with high total chlorophyll a
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concentrations (> about 1 £ g 17, and at Stns.
10, 14 and 16 with relatively low total chiloro-
phyll @ concentration, accounting for 48-76% of
total chlorophyll @ (Fig. 4b). The <2 ¢ m frac-
tion dominated total chlorophyll a concentra-
tions at the remaining stations, with the
exception of Stn. 2 where the percentage con-
tribution of the 2-10 u m fraction was highest.

Total primary productivity ranged from 0.45
to 3174 g C 17 h' and showed 7—fold varia-
tions (Fig.5a). High primary productivity ex-
ceeding 15 g C17' h™! was observed at Stns. 2,
6,7, 9 and 16. These stations except one (Stn.
16) were located in the region west of
165° W (Fig. 1). Excluding these high values,
the remaining values were within the range of
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Fig.5 Variations in total primary productivity (a) and percentage composition of primary
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0.45 and 1.17¢g C 17' h™' and showed 2.6—fold were highest at Stns. 6,9 and 16 with high total
variations marked with rather an uniform primary productivity C>15pug C 1™ h™), and
trend. The percentage contributions of the 10— at Stns. 5, 10, 12 and 15 with relatively low total
200 #m fraction to total primary productivity primary productivity, accounting for 43-77% of
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Fig.7 Variations in the wet weight of copepods obatined by the Norpac net operations from
a depth of 150 m to the surface nearby the stations for CTD casts.Alphabetic stations indi-
cate the stations for CTD casts. O : daytime observations ; @ : twilight and nighttime ob-

servations.
total primary productivity (Fig. bb). The 2-10 have much influence on the spatial variations
or <2 ym fraction dominated total primary of the primary productivity. Using chlorophyll
productivity at the remaining stations. a concentration as an index of phytoplankton

The biomass of living phytoplankton may biomass, the chlorophyll a-specific productiv-
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Table 1. Mean * standard deviation (¢.-,) of wind velocity, solar radiation, temperature, salin-
ity, nitraite +nitrate concentration, depth of mixed layer and wet weight of copepods in the
western and central subarctic North Pacific (W &CSNP) and the eastern subarctic North
Pacific (ESNP). The n indicates the number of data for calculating the mean ¥ standard
deviation. Mann-Whitney U-test (two-tailed test) was used to test significance in the pa-

rameters between the W & CSNP and ESNP.

Wind velocity (ms™)

Temperature (°C)
Salinity

Nitrite+nitrate ( u M)
Depth of mixed lager (m)

W & CSNP ESNP Significance
122+4.4 (n=1864) 9.7+3.9 (n=1136) P<0.0001
Solar radiation (mol quantam *d™) 82133 (n=13) 52%25 (n=8) P>0.08
71223 (n=11) 7917 (n=8) P>0.1
33.245+0.422 (n=11) 32.932+0.127 (n=5) P>0.2
146+44 (n=11) 11.3+51 (n=8) P>0.05
102+26 (n=14) 101+9 (n=10) P>0.05
3591246 (n=13) 19.2+13.7 (n=11) P>0.05

Wet weight of copepods (mg m ™)

ity (P®) can be taken as an index of the growth
rate (e.g., LALLI and PArsons, 1993). The varia-
tions of the P® of the total and <2 #m fraction
along the eas-west sampling tract were roughly
constant, but those of the 2-10 and 10-200 . m
fractions were scattered (Fig.6). High values
tended to be found after Stn. 11 for the total
and every size fraction.

Copepods are important grazers of phyto-
plankton. The wet weight of copepods ob-
tained by the Norpac net operations ranged
from 23 to 90.3mg m™® (Fig.7). High wet
weights exceeding 40 mg m™® were found at
stations in the region west of 165° W, a pattern
which is similar to those of the chlorophyll a
concentration and primary productivity.

4. Discussion

High total chlorophyll ¢ concentrations and
primary productivity were observed at the sur-
face west of 165° W, that is, in the western and
central subarctic North Pacific (W & CSNP),
with one exception (high primary productivity
at Stn. 16) (Figs 4 and 5). Large phytoplank-
ton, the 10-200 ¢ m fraction, usually contrib-
uted to the high total chlorophyll a concent-
rations and often primary productivity. The
P® of the large phytoplankton were not signifi-
cantly different between the stations domi-
nated by large phytoplankton with high total
chlorophyll a concentrations (Stns. 6, 7, 9 and
11) and the remaining stations with relatively
low total concentrations (Stns. 3-5, 8, 10 and
12-18) (U-test, P>>0.05, two-tailed test). This
implies that the environmental conditions were

advantageous for the survival of the large
phytoplankton in the W & CSNP compared
with those in the eastern subarctic North
Pacific (ESNP).

Most of the stations in the W & CSNP were lo-
cated at more southern area compared with the
stations in the ESNP (Fig.1). There is thus the
possibility that the high-W & CSNP and low
ESNP contribution of large phytoplankton to
phytoplankton chlorophyll @ concentration
and primary productivity included a latitu-
dinal effect. In the W &CSNP, the chlorophyll a
concentrations at Stn. 1 (southernmost sta-
tion) and Stn. 11 (northernmost station) were
high and almost equal (Fig.4). This indicates
less likelihood of the latitudinal effect on distri-
bution.

Daily solar radiation, temperature, salinity,
mixed layer depth and nitrite + nitrate con-
centrations were not significantly different be-
tween the W &CSNP (between November 28
and December 10) and ESNP (December 11-18)
(U-test, P>>0.05, two-tailed test ; Table 1). The
wet weights of the copepods were not signifi-
cantly different between daytime observations
and twilight and nighttime observations in the
W &CSNP and ESNP (U-test, P>>0.1). We thus
compared the wet weight of the copepods be-
tween the W &CSNP and ESNP using all of the
data. No significant difference was noticed be-
tween the estimates from two regions (U-test,
P>0.05). In contrast, wind velocity was identi-
fied to be significantly different between the
two regions (P<(0.0001), and the mean value in
the W & CSNP was higher than that in the
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ESNP (Table 1). Wind velocity tended to be
higher in the W&CSNP than in the ESNP.

The high-W & CSNP and low-ESNP trend in
wind velocity results in more intense vertical
mixing of the water in the surface layer in the
W&CSNP compared with that in the ESNP. It
has been shown through field bag experiments
(EPPLEY ef al., 1978 ; GRICE et al., 1980 ; DAVIs,
1982) and simulation (TAYLOR and JOINT, 1990)
that intense mixing of the water favors large
cells. We thus suggest that the more intense
wind stress in the W & CSNP was advantageous
for the survival of large phytoplankton in the
surface layer. Based on long-term observations,
high-west and low-east trend in wind stress for
stirring upper oceans was established in a pre-
vious study in the North Pacific in winter
(HELLERMAN and ROSENSTEIN, 1983). Thus, the
occurrence of high total chlorophyll a concen-
tration and primary productivity due to large
phytoplankton in the W &CSNP seems to be a
characteristic of the subarctic North Pacific in
winter.
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On a relation between tsunami source and seismic fault

Shigehisa NAKAMURA*

Abstract : This work concerns on a relation between tsunami source and seismic fault at a
tsunamigenic earthquake. At present, it is yet to be studied what process is actually seen when
a tsunamigenic earthquake. For this purpose, many studies have been presented to reveal what
is happen at a fault formation when a tsunamigenic earthquake. Now, it is nesessary to remind
what is the background at defining the seismic parameters which specify an interested earth-
quake referring the statistics of the earthquakes observed on land. There is only a little infor-
mation on the tsunamigenic earthquakes occuring under the sea. The author considers on

" relation between epicenter, fault formation and tsunamigenic earthquake. For convenience, the
case of the 1995 Hyogo South Earthquake is taken as a reference.

Keywords : Tsunami, Earthquake, Fault
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Fig. 1. Seismic faults and epicenter of the 1995 Hyogo

South Earthquake.

(a) : The seismic fault F1 for Nojima leg.

(b) : The seismic fault F2 for Iwaya leg.

(¢) : The location of the epicenter E

(d) : Geodetic survey line (H-K-S).

(e) : Notations H, K and S for Himeji, Kobe and
Osaka.
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