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Ecological characteristics of walleye pollock eggs
and larvae in the southeastern Bering Sea

during the 1970’s regime shift period

Kyung-Mi Jung

Department of Marine Biology, Graduate School,

Pukyong National University, Busan 605-737, Korea

Abstract

To investigate environmental effects on the spawning and early life
history of walleye pollock, Theragra chalcogramma, the patterms of
distribution, abundance, and advection of eggs, and growth of larvae in the
southeastern Bering Sea during the 1970's regime shift period were
examined. Ichthyoplankton surveys were conducted by NOAA scientists
using the R/V Miiller Freeman in the southeastern Bering Sea during
spawning time of pollock over the 1976~1979 period; May 1976, April ~

May 1977, March 1978 and june-~July 1979 Eggs and larvae were



collected obliquely using Bongo net from around 200 m or near bottom to
surface, and samples were preserved in 5% formalin. In this study, eggs
were staged and larval lengths were measured. For the quantitative
analysis, staged-eggs with 21 developmental steps were re~grouped into 6
age groups and larval fork length was measured at 0.1 mp at laboratory,
The distribution area of the youngest egg group (age group I, <l-day old)
was considered as the actual spawning ground.  The high spawning
intensity occurred in April, and high concentration of eggs was found in
the north of Unimak Island where strong thermocline divided the water
mass into two lavers (.e., cold one in the upper layer, and warm one in
the lower layer). Also, pollock eggs were slowly advected {5-~10 cm/sec)
to the northwest by the current over the outer shelf Larvae appeared to
move to east and north in accordance with the current direction as they
grew. As the effects of climate regime shift, the spawning of pollock in
1978, which was a warmer than normal year, might occur earlier, and
spawning in 1976, which was a colder than normal year, occur later than
that of 1977. Warm temperature might be beneficial to larval growth, so

that larval growth in 1979 was higher (0.23 mm/day) than that (0.12 mm/day )}

in 1977.
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o 44%E ARt FHFOGH00kn) HHFEE 80% olio] Eiep =
ol Ae-A vER Y (Ginter, 1995), EE el A= A 50m,
100m, 200mZ ZAAR HE - Estyog $3 FTRHE 3 99
22 va 5 vk WEAEEEHcA 4 50m oldh), FHOE

e (74 50~100m), $Fo)HE(F4 100~200m)(Brodeur et al., 1999;

Napp et al, 2000). Ao ulgl &7 = sAok PEo] PXo| g
A= Hol HEA WRYFEole Fg HEo] ZHYBER= =
T 7 AdFeol mEm o |= E3Fo] gAadnh g
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< ghst A A sad dddel wFel @uteA dojum ¢l
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ArEo] FobA Al FUNEEAA TEI HolE AT Frh
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T P slFue] Jojihs Frza HRME dFA de
ERE F99 F7 =l £52Z AL e s2a %
FeAgl M= SAgeg o g 77 5231 9 v (Fig.2)(Stabeno
and Schumacher, 1999).

W (Theragra chalcogramma, Pallas)y> o) F(Gadoid)®t ) ‘
(Theragra)Boll Fdte FY¢ oA, Sejgde] Wz g A
st WA A A (semi-demersal) o Folt}. o] L olalolu) B} Eur)
Fo AR5 utebx] FR9EA Bxn e, ofAlo} dere @
B Feue S A 2 QB FHoln ErgFdAE A
Tyl SFejHe] dok. 53] #WAAl= FE7E $H8n o o

9 F AMA"EFY 60% olHE AANY AR EX3HGinter,
1995). EF "HejAgL AlAlA g o E ko] B Ador gy
olFol W ooz MA Hie ojFFS Fxatn o, 1990).

sl shol A ez S H R T Yo gelx BFelar
of Fo s AdestH g dFsl/] AlHYE A7l 1950 e
oith. 1 olF 1970 o] Bt o) {FEYIAE FALE FaA He g
Az Aavh g HEed, JeHe Atk W gdEy
Aol e oA 287 H 697HA AHHE Aoz gt

(Serobaba, 1968, 1974). WEl= 284 &/ & d5Fo o F

kN

ApE Zhzpolell A bk Al Abete (Bulatov, 1989) WHE| Atgho]ae

=4  Unimak &g &9 giFEFcz o]Fsle 3~4€d
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Fig. 1. Map of the Bering Sea containing 44% continental
shelf, 132 continental slope, and 43% deep water
basin (Ginter, 1995).
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Fig. 2. Geography and schematic diagram of major current in
the eastern Bering Sea and place names of main Island
(Stabeno and Schumacher, 1999).
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Lo g olEdta &4& WEIvHSpringer, 1992). Atgke] HA AlV]=
ol 254 AolE weols A Zow, AdE=R FWde AY9S
Unimak Island %% Aoz ®liid dAsA vtebdh spA|t o)
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7RI R §l7) e obd W& FEuiEE A el

A akdaae] A g FEEA A A Zskth
2 oAy sigdd s Aulas 29X ddde 72, vy 4
g W, & PR, F2 53 o] vdstAl g ¢ jied,
oleidt Eeld @2 /| FHE A AdHeR WA Hi
Fo] A4 g rh(Stabeno et al, 2001). T 3]
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o) B AE: Aoje] Holrt Hi A% - BE

O

718 2AEsH o)L YA (HHA R Xole A AEdd dFE

fl

z=7 AcHStabeno et al, 2001). F2 W3 HA] APA LR o FY

wxol BES A¥shs 2 wsy 44

th olv] el deld YriAs, SEFE G E 19703 H Fakel] 7
%A A ¥ 2 (climate regime shiftyo] dejwtth 19761 Aol 1977

dow ozt AlgelA, e da ozl shFd AT A



glof 7xl7] wly 9iai(Miller et al, 1994), @A wF s T o]
ol #EHAAT. dEAQ) A2 Fee] AR alFig. 3), 3
kel 1% ddo] Uduth(Fig. 4). °l¥ &R~ JFHFTL W
Ha YeiAe Adabeio] dFdE vHE Zloln dojo oY FS %
o] AAANE HAS AFste 2 A debF th(Francis and Hare, 1994).
a2 v g A B Aeodx gAY 3
2 ol gelo] 27 At £33 TS FUE Aok &
A 19709 FubRol] doid Z[FA AR A S A - FajA 7

Wxol R wdae) MAeE Heje AE FA4T 7] AFAL
of vl g Wils Ad 23S wRch AdsA =AY 3 H

Ael 1977v39] 43 B zAA A i3 A4 Rax AE5gE AHPE
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3. Winter sea surface tfemperature near Pribilof Islands
since 1965 (Hare and Mantua, 2000).
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Fig. 4. Time series of annual maximum sea ice extent 1972~
1997. The index is the southernmost latitude of
seasonal sea ice extent along longitude 169°W in the
Bering Sea. The 26-year mean (577 15'N) and
standard deviation (+22’) are shown as solid horizontal

lines (Napp et al., 2000).
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As 2

nj 3+ &) 9k 7] 3 (National Oceanic and Atmospheric Administration
© NOAA)S EAMF 2 ety 4 F A (Northwest and Alaska
Fisheries Center : NWAFC, ® A2l Alaska Fisheries Science
Center(AFSC)) #8tzt&ol R/V Miller Freemans ©]-&3te] 1976~
1979 HA A FEH WygselA] Heje] det 5 =93

A2 dA s cHFig. 5). ¥ ATelrs 3 FHR sldEAl

=
L

kn

o] AxS #HEs9 2 (Waldron and Favorite, 1977, Waldron and
Vinter, 1978; Waldron, 1978; Walline, 1980) ¥¢&t~7F 438 d 74
(Alaska Fisheries Science Center : AFSC)oll B 3o} e w9

o3} Apxlo) A g2 AYREN3Y )

1. Az A3

du
i
or&
Frm

1976 e 1979W 7= =Heje] F AbgAdeA] FE o

m]ﬁ
r Hﬂ

A= & 839 uh(Table 1; Appendix [). 1976 =9 o &
Z A} Pribilof Islands® 402 BAZ3 JdEZr ZH2F 49 26

~549 129 E¢F 167 AA-oA 28l 59 209 ~59 31Y =<+ 19
A Aol FaETh B AelAE HEY F Adgoleta A4

5= 89 (Z, Pribilof Islands®t Unimak Island Abel)eliA 244 oz}
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Aol AlgE FAstHonE 5Y shol £ A Aawh ZA
ol gtk 19779 Bois 49 169 ~59 159 Tk F 3070 H A
A 4ol ZA AERA ¥ 2AE do] I AAAE HHsHAH.
197832 Hele z7] AEhA|7|el 39 119 ~3¥ 169 &< 214 A4
oAM FAZF FAEder dnt AFEHAN AA o= AY FHEHA
erekrl 19792 3] AFEAlZ)9l 69 1 ~6¥ 7Y 64 169~73
29 B9 Z+zh 97hek 1370 AR 2AVE olRl B e ¢ Ao

[HAA Far ZAA)ort A= Ao

HEEAA(FA 200m o)shelAdE A 60eme) FXEFIE AR
7}(Bongo plankton sampler, #H2: 05059 0.333mm)& vhetzbA e
AAANZ stg oo Fadel Ze XelMe AFHZIE 200m7AA HETH

o3} AHo] Alm 5% FA¥ZYAeZ nASGT. AFSC A7

o

1A GARE LA A (stage) FE flo] HA H2 R H
dalgon Zxeje) A FA| sbge]l AA(fork length)e] Y5 Al

o dls AT 24 H i)
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---------- 1976 (Apr.25 — May 31)
1977 (Apr.16 ~ May 15)
— — - 1978 (Mar.11 — Mar.16)
—-= 1979 {June01 ~ July 02}

Fig. 5. Sampling coverage of ichthyoplankton surveys in
the southeastern Bering Sea during 1976~1979,
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Table 1. Survey information conducted in the southeastern

Bering Sea, 1976~1979

1976 1977 1978 1979
surveyl survey?| surveyl survey2 survey3 surveyd | surveyl | surveyl survey?
sampling | 4726~ 5720~ | 416~ 4/23~ 5/3 -~ 510~ I~ 6/1~ 6/16~
period 5/12 5/31 4/22 27 5/9 5/15 3/16 6/7 72
No.
. 16 19 33 33 32 29 21 9 13
stations
NW SE SE
survey o . o . -
Pribilof Pribilof SE Pribilof Is. Pribilof SE Pribilof Is.
area Is. Is. Is.
collection Eggs/larvae Eggs/larvae Eggs Larvae
area - 363 | 462 6.20 5.40 424 1441 -
(')

- 14 -




oy Aol B

Zh AFAEAN 8T &9 £ B2l Bad 85 VE2E
steth o] i A BAl A E HuA Z153 A9 Aolrh gl

ANA F 6345742 Lol siFdWAE Stel A LA (stage)

r2
—
fuj
:L

of upgt PR  AHIA 1007) Tlwke) ol AFHYL ol

= a9 g Adste] 100729 AAEAE T8 THAppendix
)., wejede 2AGAE Blood et al.(1994)¢] wWHel uwizpa] 21 o
Az ra, olzls Al 679 Yolwer s A Aelataic
(Fig. 6). &, Stages 1~6, Stages 7~8&, Stages 9~12, Stages 13~15,
Stages 16~18, Stages 19~21 & 22+ “peo]ot-1" (age group 1),
Yol #-2" , YolF-3 , ‘Yolx-4, oja-b e
6 oz FERIGen, d5 A&d FEo] Y& LATA 22-249 &
% stage 239 @& e~ ol EEAZY. gz FANAM A
ol F7hA Realn dew A gl Blood et al.(1994)°] A

AAg Aol eate) Adataith

Stages 1—6

Age = 327 - 0.13 (stage) (temperature) + 0.47 (stage®)
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Stages 7~21
Age = 1782 + 7.05 (stage) — 0656 (stage) (temperature)

+ 0.043 (stage’) — 0.0032 (temperature) (stage’)

el Tl & FA "A SR Al %8 Y oW A4 PR
C

Feo A FAE sAAR o 179 ol Aoz

A FeRlol o £y g AeA sonte wiwteldls AgE
BE 0w 9i7AA FASGUE, 2 oY del= Ao 5048 74
9l At FA sk tHAppendix I). & 2988wHe] 9] Apx|of o) 7t+&
o] Aol 2AsAQon] QAP Ago] 2w G HoA 20
o d FU¢ AA Qews ot Agste ofs} 2o

5%
59 Fagn. @Ad W LR wadel: AQE Aol
}

sberel A W7 A Hel oleEl, A HA F 1~3uhelt &
Aa0e A Gale AF 5% @Ael A AW AR Me
MEe ool F Irebele) hgel A% ARsb deid, Avd £

ZE S AAstATHTable 2). 1976 AR E 2AA7F F T 12.4%,
197799 AA ol A 200d Tk EEE UlelM HT 91% +E5T
Aoz et ANE £228 2oy HAE A=Y )&
stgom, AAole] HE A4 9 AP TEE FEFES Yosto A
AEgith ez gE A E 2R 8744 2 (<5.0m, 5.0~

6.9mm, 7.0~859mm, 9.0~129mm, 13.0~169ms, 17.0~21.9mm, 22.0~26.90m,
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>27.0mm) .2 AElstd & dTel o] &3t
7y ZAZI7HESE A EEE A gt Ao 9 T
A&7 YA Kim(1987)9 Zal=9(prism method)e ©]-&31H 2H,

orels] Aol slate] FHakRTh

Vo= (C1_+1(A;22+C3) NV (xtyralx+y—2x— v+ 2(—x+ytz)

7)1M, Cy, Ca, C3 1 2F AAM e &35k ool I x(HA/m’)
x, v, z : AA Aol 2} Agl(m)

o] e 7H7t FAIA B G 2 AHew oo AA djaeE #H2 A
zhglo] HAFo wE F oy Ao ARE UROE AP
SAQl FojZow Fopd zb AZE 9o dAHHE ZeF FH(V)
2 2% gate RezA AA A7 Exlste ¢e F+E At
st wholdh o] wew ZARAZ|W mEa AE A el
olo] o]} AFxole] HMAIFE) TEEF AMEAY. FHE A
o wEl o W xpxole] WE WY SEm e RIS RAs] A
A 9 Environment Simulation Laboratory Inc.ollAl 742 GIS
@ 7 Me) Marine Explorer 222138 o] 833

W o] Alzko] Aol weh HFM A A FAREA Hof
7] st 44 E(transport rate)2 AitdAct. <o EE 3

2A18 A3, AFAe] 2 2 o] 29 e FRaA 2R
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Age Time after fertilization (hr) at 3.5
roup Developmental slage R
g mid-time end-time

i O(@)@@(@O 8.8 17.5
> @@) 448 70.2

101.1 130.0
NS

4 ”\;3-;)(\-_;;_’ K 163.3 196.7
' ""‘?

5 \‘Q@ 242.9 289.2

6 @@( P 350.9 4126

S ¥

Fig. 6. Developmental status of pollock egg stage and
developmental time after fertilization.  Twenty-one
developmental stages were re-grouped by siIX age

groups.
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Table 2. Selected specimens for the calculation of shrinkage rate of

pollock larvae

Sampling Station Raw data Measured in 2001 Shrinkage
year no. larvae  size range  no. larvas  size range
40 1 6.6 1 6.1 66 — 6.1 0.076
1976 42 1 5.0 1 4.3 50 — 4.3 0.140
45 2 55~ 7.1 1 6.0 7.1 — 6.0 0.158
mean 0.124
1(2) 1 4.0 1 3.7 40 — 3.7 0.075
12(1) 1 5.8 1 586 58 — 56 0.034
16(3) 1 7.7 1 6.8 77 — 6.8 0117
17(2) 2 8.0 2 74758 B0 — 7.4.75 0.075, 0.063
1977 17(3) 2 85 —~-90 2 75~ 88 85 — 75 9.0 —~ 88 0.118. 0.022
43(1) 2 65~75 3 59.62,65 75 — 65 B5 —~ 59 0.133. 0.092
64(2) 2 70~78 2 6.2 ~ 7.1 70 — 62. 7.9 — 71 0.114, 0101
68(1) 3 5.1 2 44—~ 46 5.1 - 4.4 46 0.137. 0.088
mean 0.081
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Biomass in million t

—

1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994

Year

Fig. 7. Biomass fluctuation of pollock in the East Bering Sea
over last 30 years (Wespestad, 1996).
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1. 9WeH o Az F4 9 A7)

wejel A - FE st HeEje oo B¥ 5 38197834 =
AR R) T 4~-59(19769 % 197739 AR AP Lo B9
Iwg vgorg FAHSAL. Fuigs) WEje) 5 Asbgor Iy
He FEUSE gl 19773 4~58 Fodol FAE 479 ofF
zaaE 2AE o dFY AR FAEYT] W] Hey A
A4S vlma F we|Fa gk o] JIZHgel A HAA Y e
Aw AeE 5176/A/mAA debded, dEAEcAE v NE
o1 t¥Ee ¢<L Unimak Island 5%2 100m T4 F2(9

K.
B ey =51 gEFE Aol FZFstvHFig. 8 Appendix V).

2

sH tpel#-17 o) EEE vwsdg o, 3 WA FAIRE F
1125 1024248 713 A Jebga 1 oo At Algte]
ol whet FAE At Table 3). °] AME 4w €59 A
ol 49 F To 1 o]l 49 A&l TASATE AS A4St
T 9tk 49 F% olFHE A FEE AUz 4dA EAA
0065 X 10¥M A A Zxsr #AsHA Dold A%, Unimak Island
Bzl 100m FARTAAE s YelT-1 o $AsA FdE

U atAT 59 %5712 Unimak Island HZe] A &2 o2 A "
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oFo] B FAHo] o] o|FXE EAZOZ(F Pribilof Islands®] &%
2y olF it Aol ws o] W ArdEolurol Atgk A)7]e] #xbE
v EAFOR FAAT JIFE Lo

19783 349, APAHAA L] Yol & A= A2 FHEFH HF

A} (Bogoslof Island 5% #9) 2ol A 05~1821A4A/m=2 x4
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-
o
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N 104X 10MAAERN 73 54 dEgs GEer  vely-1T #
ol -5 oA} Zhzh 0.62x 10 059X 107} & vheEb v Table 3).
A =e Z@ee Hel volT-3L 3 Foo FAE Zolw, o
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Ao 2 AlEEr

197641 59 sldo] glRe 4L o . 8 g Ee AAA =¥
gdct ol de UxE vlud 2

Vol E-1" & 05271 MA/mE 27 Jebgew wao] oS 3l
Ho] ®alety] A wAQl velE 59 6914 ZHh 0.5~181.370A/m,
05~1276AA/m e =adch. ws 59 shol =W o AHolM i

He gag shxe goz wddd,
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(a) mid April (b) late April

o
[ e

(c) early May

-

Fig. 8. Distribution and density of age group 1 eggs in the
southeastern Bering Sea during mid April ~ mid May,
1977. (a), (b), (c), and (d) indicate the surveys (1),
(2), (3), and (4) as defined in the text, respectively.
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Table 3. Abundance of walleye pollock eggs in the eastern

Bering Sea by age group and sampling date

Age group (X10'%)
Sampling date

1 2 3 4 5 6 total
1976 5/20 - 5/31 0122 0.481 (.597 0.257 1.476 1.540 4.472
4016 — 4722 1125 (.560 0.149 0.057 0.027 0.016 1.934
4/23 ~ 427 0.982 1.443 0.459 0.131% 0.287 Q117 3.418

1977
5/03 - 5/09 0.378 0.618 0.228 0.053 0.076 0.025 1.378
5/10 - 5/15 0.065 0.045 0.040 0.015 0.022 0.005 0.193
1878 3/11 - 3/18 0.617 0.201 1.036 0.315 0.582 0.051 2.812

- 27 =




2. W @3} Ao Ast

Hefe] ek 2AAZ e Unimak Island?] SZ&] oA &9
ol it B EAe AWBdthFig. 9. 197732 A E o 45
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Aty 1 A ZF Jolte EIEFAHL Unimak Island %% 9 100m
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B
T elE 114 pAe wBART ol FALE olgHd FHUY

g A1, 2, 390 Z+2ZF 7.2cm/s, 99cn/s, 4.7cm/sE UHERSELH

olHe AA skl 100m SAME wi z2E JFY HEo
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o] Zag Aoz FEE FAHAA AL
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Survey 2
(late April)

Survey 1
(mid April)

L

Fig. 9. The location of distributional centroids of age groups

1~3 of walleye pollock from the surveys in 1977.
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197799) @} ZA el E@F AAAe] FolA 48 FeBd FEHT

o] 28-S olEdld Aol A AE shebEl vhH(Fig. 10).

'
o2(3-3 Hele) A F2) 49 S Bt WE A= 49 3}

e

&= 59 2%, 59 Fod ¢ 50~69mm, 7.0~89mm, 7.0~89m= dF

-
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Fig. 10. Movement of a larval cohort hatched in mud April.

The numbers denote the larval density (ind./m’).
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Spawning intensity curve of walleye pollock over the
daily time scale, based on daily egg production in
1976(a), 1977 (@), and 1978(m).
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Fig. 12. Larval growth of walleye pollock in terms of body
length in 1976, 1977, and 1979 in the southeastern

Bering Sea.
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