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The Transport Process of Walleye Pollock Eggs into Funka Bay in Winter

Manabu Smmizu* and Yutaka Isopa*®

Abstract

To examine the transport process of walleye pollock (Theragra chalcogramma) eggs from the
spawning area on the shelf off Funka Bay into the bay in winter, a barotropic model with the Euler-
Lagrange method to describe particle distribution was used. The only force considered in the model was
the daily mean wind stress, because the calculated flow field forced by wind recorded in winter of 1995
accurately simulated the time series data of current vectors observed in the center of the bay. The dura-
tion of embryonic developmental stages in our model was estimated based on the laboratory experiment
by NakaTani and Maepa (1984). Specific features of egg distribution observed in and near Funka Bay
in winter of 1987 were compared to the patterns predicted by this model. The transport time for particles
placed daily on the shelf off Funka Bay to travel through the central part of the bay mouth to the end
of the bay was about 10 days. They then dispersed throughout the entire bay. Such trajectories of par-
ticle eggs are clearly the result of two vortices, which were generated by the combination of the pre-
dominantly northwesterly winds in winter and the parabolic bottom topography of Funka Bay.
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Fig.1. Distribution and abundance of five develop-
mental stages of eggs and larvae of walleye
pollock during 18 to 21 February 1987.Samples
were collected by vertical hauls of a Norpac net
from the sea bottom to the surface. (after
NAKATANI and MAEDA, 1989)
Stage 1: Fertilization ~ morula stage. Stage 2: Blas-
tula ~ first gastrula stage. Stage 3: Apparent germ
ring near an equatorial position ~ blastopore just be-
fore closing. Stage 4: Completely closed blastopore ~
embryo reaching three-fourths of the yolk circumfer-
ence. Stage 5: Embryo reaching over three-fourths of
the york circumference
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Fig. 2 (2) Locations ( St. 30 and St.3) of observations
on temperature and salinity. (b) Isopleths of tem-
perature (solid line) and salinity (broken line) at
both stations from December 1986 to March 1987.
(after NAKATANI and MAEDA, 1988)
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Fig.3. Model domain around and off Funka Bay,
southern Hokkaido. Solid lines indicate isobaths
in meters. Shaded region indicates the area of
large horizontal eddy viscosity.
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Fig.4. Points where model particles representing
walleye pollock eggs were placed every day.
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Fig.5. (a) Time series of observed daily mean wind
vectors at Muroran. (after Japan Weather Asso-
ciation [1994, 1995]). (b) Time series of calculated
current vectors at the grid nearest to St. 30 based
on a doubling of the observed wind velocity. (c)
Time series of current vectors measured at 80m
depth at St. 30 from December 1994 to February
1995. (after ANON., 1995)
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Fig. 6. Time series of observed daily mean wind vec-
tors at Muroran in February 1987. (after Japan
Weather Association, 1987)
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Fig. 7. Relation between the embryonic developmen-
tal stages of walleye pollock eggs and the number
of days after fertilization for 7 temperatures from
—1°C 1o 13°C. Dotted area indicates fertilization
range used in calculation of the model (after
NAKATANI and MAEDA, 1983)
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Fig. 8. Instantaneous fields of the calculated current
vectors (left panel) and the horizontal distribu-
tions of modeled walleye pollock eggs (right
panel) at 3-day intervals.
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Table. 1. Duration and description of each embryonic
developmental stage. The duration of each stage
was estimated based on the laboratory experi-
ment by NAKATANI and MaeDa (1984). (see Fig. 7).

Stage Days Condition

1 0~ lday | fertilization ~ morula stage
2 1~ 2day | blastula ~ first gastrula stage
3 2~ Sday | apparent germ ring near an equatorial position

~ hlastopore just before closing

4 §~10day | completely closed blastopore

~ embryo reaching three-fourths of the yolk circumference
5 10~15day | embryo reaching over three-fourths of the york circumference

Larvae 15day~

0:00 22 Feb. 1987

+ Staget
* Stage2
* Staged
* Stageq
® Stage5
® Larvae

Fig. 9. Horizontal distributions of five embryonic de-
velopment stages and larvae of modeled walleye
pollock on 22 February 1987.
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Fig. 10. (a) Horizontal distributions of modeled larvae
on 22 February 1987. (b) Traces of modeled eggs
from initial injection points to their positions on
22 February 1987. (¢) Points where modeled parti-
cles were placed. Closed rectangles represent ini-
tial positions of particles that entered and
remained within the bay until 22 February 1987.
Closed circles represent initial positions of parti-
cles not found in the bay on 22 February 1987.
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Fig. 11. Horizontal distributions of current field (left
panel) and elevation contours (right panel) under
uniform northwesterly wind conditions on the
fifth day of the model simulation. Wind velocity is
10ms~". In upper figures (a, b), f#0;in lower fig-
ures (c, d), f=0.
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Fig.12. (a) Time series of observed daily mean wind
vectors at Muroran from 1 December 1986 to 31
March 1987. (after Japan Weather Association
{1986, 1987]) (b) Instantaneous fields of the hori-
zontal distributions of passive tracer concentra-
tions. Initial concentration index within bay =
1. 0. Contour interval is 0. 1.
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Fig. 13. Remnant functions of passive-tracer concen-
trations throughout all of Funka Bay based on the
calculation used in Fig. 12.
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Fig. 14. Horizontal distributions of current field under
uniform wind conditions calculated by single
layer model (a) and multi-layer model (b). The
wind blows from left to right, and wind velocity is
10ms .
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Fig.15. Horizontal distributions of vertically aver-
aged currents estimated by the results from the
multi-layer model.

HTEa2@EFVERVIELSTH, HEBSLALFE
HRAFERTE 2HBE F VT IREF AT AR
WBTEBEEZ I,

X ik
Anon. (1995) BXBORREROBRAVEHOTUN Y 2 7 &
BHZE 1B 2 DTZE. YRR b SERE LRI SO 45 b #gE L
B EFRART - JLHEE A, 31-33.
BENNETT, J.R. (1974) On the Dynamics of Wind-Driven

Lake Currents. J. Phys. Oceanogr., 4, 400-414.

BIRCHFIELD, G. E. (1967) Horizontal transport in a rotating
basin of parabolic depth profile. J. Geophy. Res, 72,
6155-6163.

BASR e (1986-1987) Jh#EEDKE, 31 (12)-32 (3).

HASIS e (1994-1995) dhiEE OKE, 38 (12)-39 (2).

KaMBA, M. (1977) Feeding Habits and Vertical Distribu-
tion of Walley Pollock, Theragra chalcogramma
(Pallas), in Early Life Stage in Uchiura Bay, Hok-
kaido. Res. Inst. N. Pac. Fish,, Hokkaido Univ., Spe.
Vol, 175-197.

ZFRfTHE - LHET - B EHREE (1995) @RI KSEERRO 2
Fru SRV, IWREEEKERRSEN
X4, 1-16.

CRAMER - BIMER (1984) 24 b v ¥ S OFA KT 2
KBOMEE X U2 OF LEEC> T, BARKESES
&k, 50, 937-942.

TR - BIHRIE (1987) BEKES & O 2 o BRI B
3205955 FROST EMAYERE B AKES
£5E, 49, 183-187

AT (1994) WK BIF 325 Fw ¥ 3. AEHOMY
WAEDFEL (R 5 - IS RER) | EEHEAR, M,
122-133.

NAKATANI T. and T. MaEpa (1988) Distribution of Cope-
pod Nauplii During the Early Life Stage of Walley
Pollock in Funka Bay and Vicinity, Hokkaido. in
"Proc. Int. Symp. Biol. Mgmt. walleye pollock; Alaska
Sea Grant Report”, No. 83-1, Univ. Alaska, Fairbanks,
217-240.

NisHIvaMA, T. , K. HIRaANO and T. HaArvU (1986) The early
history and feeding habits of Larval Walleye Pollock
Theragra Chalcogramma (Pallas) in the southeast Ber-
ing Sea. INPFC Bull, 45, 177-227.

AR « PR - B8R EFr— (1979 x5 b v
¥ 5 T DIREIR T OHTE. JKEERFEENTFEER, 34, 81-85.

KEBE—EL - =555 (1990) b#gERg /4 REMNE B O B K i
B AR & ATEBRICEE T 2 BUEITFSE. HE & 28, 66,
53-66.

KBTS « KEFI5E (1980) WK O #iEfiE. bRy
TREEF SIS, 31, 84-114.

KRATE (1981) BEAHOYITEBUE. IRBEAERIS / — b, 19,
1, 68-80.

Kok - O BR— (1983) ERMEBHEOREER-2 I
BB AR EE AR SRAR, 34, 201-311.

KETEMe « Rt b 8k (1987) IR — LR B © B
. HEAERLSE, 199, 13-20.

Smvons, T.J. (1982) Verification of numerical models of
Lake Ontario. I. Circulation in spring and early sum-
mer. J. Phys. Oceanogr., 4, 507-523.

TAKEOKA, H. (1984) Fundamental concepts of exchange
and transport time scales in a coastal sea. Contin.
Shelf Res, 3, 311-326.

FEPREE (1993) IR O gEEERS:. B RS, 59pp.

Ml HE (1989) IREHEEESE - O PN THORESH { -
B LM, 96-112.

— 143 —



