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On the Growth of Northern Shrimp Pandalus eous in the Waters off
Noto Peninsula, the Sea of Japan

Tsutomu Sadakata*?

The growth pattern of the Northern Shrimp was made clear by tracing size composition of the
dominant year class and spawning interval, and the following results were obtained. Most of the
northern shrimp change sexes from male to female at 5 years old. In the female stage they spawn
eggs every other year and make the first hatch of the larvae at 7 years old. The number of spawning
times was estimated to be more than three. So the life span of the Northern Shrimp was estimated to
be longer than 11 years. The growth rate is low, and the life span is long as compared with those ob-
tained so far. Growth formula was determined as /,=34.15[1—exp {—0.252(¢+0.016)}], where /,
represents carapace length in mm at age ¢ in years. The Northern Shrimp of the Sea of Japan is in-
habited in the most southern region. However the growth rate of the species is low as compared with
other areas. This is due to the fact that the living water temperature is very cold.
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NEbBNB,
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—VIVERGNFTHDAA VBIEEDWRICH B
Pandalus borealis (Kroyer, 1838) * B F—f & LTk
b Tz, Makarov® | 3dbKSEEEED & O &b A PEE
FE L HE U CIRER MO IIC R 5 Z L RO T
A, BRL U THEDIT e, ZTOSEFHIEICD
Wik, Holthuis® 2 & » CHMMB R I N Tz b DD
BEIh Tzt vwo TV, JF4E, Komai?itibil

HOKFHRRE 7Y — 5 PR THE LER L
DEITHRPR LEAOR I DIITGEWERD, D5
FEEMMBICE L BALMCIREEETHR L TCWAT L
D TR LT, |4, Squires? iz & - TILKP
FEREIACKEEE B L THESKRBITHL I L, K
EOFABPALMIELSEIEH EORRENLRSZ L,
BLUE2MABAOBNAN Lz &ML L
i LRESI NI,

AP HED OIEEERIR T A BEHRAIMERE R (A B 51T,
BEIC Berkeley®iZ L » THL AT I N T\ 5, #EHLRN
OUEBRIT X SNIEROBHTH Y, R TI3HIT
ERHMBN TV A AFALEIR Tid, AEDIE»IC
Ry A IV Pandalus kesslert, + < LY Pandalus
hypsinotus, T+ H LY Pandalopsis japonica T
HRIENHE I N TN 5,101

AT, T UDICHBEEIR TORBEOMERIRE
SEPAONCT D, REICOWTHAAB TCIhE TIcH
FEINHERICITKELRVAALR (Table 1), Ak
DO PEERFERIC OV THWR 5, ThhDOHEEX
DOFRARE, AEOFERIVESHO L TRV ETHS,

AR E R EEETRy a7 7 AL EOBFEEHEEMICEd 59— 1 (Studies on the Fishery Management of Northern
Shrimp Pandalus eous in the Waters off Noto Peninsula, the Sea of Japan—I).
*2 F)EKEH (Fisheries Section, Ishikawa Prefectural Office, Kanazawa, Ishikawa 9208580, Japan).
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Table 1. Maximum size and sexually transitional age estimated so far in the Northern Shrimp

Maximum size

Sexually transitional

Location - References
C.L.(mm) Age(in years) age (in years)
Off Mashike 27~28 3 2.5 Kuratal®
Off Ishikari Bay 28.5 5.5 2.5 Kojima et al.19
Sea of Japan 25 4 3.5 Itoh?
Off Kaga 23~24 3.5 3.5 Yamada and Naikil®
Off Rumoi 29~30 6.5 2.5 Yorita!?
Off Niigata Pref. 30.94 8 3.5 Niigata Pref.*3
Off Ishikawa Pref. 32.5 11 5.5 Ishikawa Pref.*4
Off Fukui-Yamagata 30 6332 11 5.5 Study Group by Ishikawa Pref. et gl.*5
Musashi Bank 32 11 5.5 Nakame!®

FTRIC, 1984 FICE T EERFEL BT 5
C & CHIERER L Fi A RIENICR T, J 2 TERLNM
RICESOWTHEBORE L BB L ZOEBEZH LM
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7o

HEEF*

Wy aZ 7 HTEORFHT, SEBXEHEBICEWNT
1986 SE7» 6 1993 FFORBIMARE L EXABRBAEIC &
- T/ #5351 46,139 k% B\ /- (Fig. 1, Table 2),
WS E 7043 10% kv < ) v CHEE L TR EICE
bifto &L, BE®RE» OERREECOERE (58
MR :CL) #/ F¥ATO01lmm¥EMETHAL, A
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L2EERE ORI L » T2 R TE 52 &R
Berkeley,® AW FIC k> THOLMICIATWS,
L ATEEEE D P. borealis I >\WTHE 1, 2 HEEOHRE
B & » THERBTRIN T\ 5,020 K| T, #
NODOMRZSEIC L THREBGSZBEELLER, £
2REBEERAC 4 BBICRBTEL LERFL,
PRI A Il L7,
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189.52) DEU XM (MFBEL) LERAIZL (B FvH
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Fig. 1. Stations surveyed by Research Vessels
(R.V.) and Selected Fishing Vessels (S.V.) in
the waters off Noto Peninsula.

32.25) OV UMM (Mo 3.0mx1.5m) Ik 5iE
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Table 2. Numbers of survey carried out by Research Vessels (R.V.) and Selected Fishing Vessels (S.V.) from
1986 to 1993, and individual numbers of the Northern Shrimp used in this study

Numbers of survey

Individual numbers of the Northern Shrimp

Year R.V. S.v. R.V. S.v.
Danish Dredgednet Danish Danish Dredgednet Danish Total
seme seme seme seine

1986 7 16 10 168 962 2,498 3,628
1987 7 26 11 797 1,135 2,774 4,706
1988 6 28 12 2,118 929 3,317 6,364
1989 29 25 12 2,655 1,008 3,602 7,265
1990 26 23 14 3,995 1,257 3,787 9,039
1991 21 21 — 1,616 1,278 — 2,894
1992 25 21 — 5,395 1,137 — 6,532
1993 10 — — 5,711 — — 5,711
Total 131 160 59 22,455 7,706 15,978 46,139

P& : 36 mm) & Uiz, B 131 DR T 22,455 e

kR Lc, U MHIBTAZ, 1986 44 5 1992 3

EDENEN 4~10 7 ICHEHE 200~500 m ORPETH .5

Bl LTI00mBOBENCRML, 1R\L:VE

1/ 5 FT30 MBS ko 7, HBICA V@A C = =

128 (JERE:26mm) & L, EX 160 BRI E

706 B R L, BARBTETIE, 198646  § \

25 1990 £ O/, HEELENBCTHRET IRV EZHA

28I 1 R VRIS 2kg DY VT IVERRE (al (8) fe) ()

W L, HE-X 59 [EC 15,978 B EHRE L7, Fig. 2. Development stages in form of the endopo-

PRI & - TR SN EED R JIEBRRERDOZE
ZIBPRT 5 LT, BEEYEABICIIT AREOKEKLR
B EBERHE L, COIBLEFE1T AICHKRL T
£ L - RBRMOBEIREIC X » TE-BE LI L
HEDOPIFIHSANTRE L RRAE B, HIMREEE, SLU
JAPME IS ST, BERRERAR Y BROE? THE
WMBESEET S THERETFMICER L, HEZXRD
Foo CHABIC L TABOLS L XL DARELTHRE L
72

& R

HERIRIRR OB BT THRE LB O3 X TIiC
SWTHEYEE LT, ¥ 1 EREARD copulato-
ry organ & £8 2 M i I B% @ appendix masculina D RE
TALEHS, ELORAMNEERNTE 2 REBOEE
(A)~D)D 4 BFFEICRFITE 5 Z L Bbr -7 (Fig.
2), (A) IX copulatory organ & appendix masculina 3
HE 78k, (B)id copulatory organ A3/ L CGRAL
L, appendix masculina ODRIEAHEL L THIBEFRE
T A MEEREE A, (O @) BBE L TEEICIEIO7:

dite of the first pleopod and the corresponding
appendix interna and appendix masculina of
the second pleopod of Pandalus eous. (A):
male, (B): sexually transitional individual, (C):
female under first spawning, (D): female
passed first spawning.

c.0.: copulatory organ, a.m.: appendix mascu-
lina, a.i.: appendix interna.

DDORRE & DO IWE TR E /T A S HEEOE
&, (D) i1 copulatory organ & appendix masculina 73
B S PREICHEE L, SHESHBRO R %R
W E AN ERE T AREMGTHH, KDL
HEME R OMBRIMERER GBI R 2R L, (B)I3BERERIC
ML BT ERTES, Thbb, A)r6MBICE
b ABERIOERO/NEN RN U TIIEARZELIL LY,
WHhOLSHERBIILE- A LIRS, ks, B2
RE#BEE S VWNEGEIL, BEEEZONBR, PR
MEDEMICHERE (HH, KRR THILhb, HiHED
¥ PP ARFTEE AL R BAE G L T5DON T I CTIEEMTH
Bao
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REEYEIE CRARBOEU ML VY AHBHREL
JUBERBMAEICL > TI9864E1 A5 1993 45 2
R THE LcEto A ERPEER Y, #E
th(A) LHEREDH I BT HE R REBR S, BED DHEN
DERIICH 5 HEREGEB), SLUMHEGC KL
U'D)IC4CFig. 3107k L, S ERMIICH - D it x
N7 46,139 BB D> L, HE L MERE DK FIASRETRE 2 %
BRELM (1L 37,285 @ {k (CL5.0~29.6 mm), #E#E
{413 1,658 Efkx (CL21.0~30.5mm), fE»iCEETS
NERIME A BR 7o EME 51 7,171 5 (CL22.6~37.4
mm) THo 7z, BELHEEFIZEAITh->TRDLHN
5500, HEREGIIL ANKEZE ACRDOH
oo HERBREGI—REICEE L 2V O, HEROB
WMESHICREE TS L& 2 Hh b, BEESNUEE, HE
BEHAREF, £ L THEREERZN S OFRBOHEEE
RERIZRDOONBT EnD, BEBEERBICHVTE
IR ERT S EEZ LN B,

i Fig. SOAJERPEMERIERDOE— Fad
DHEIC L - TR E N, ERFED/ PSR TS
PORPBZE— FE2LOBICHTON S, /2, /pIn
BRPRICE— FEdOBOHBRRING, Bz
BoTHEFEEDITIAET, ADKBE & HICHERP
ROBABBD LIz, $IC 1986 4 1 A4z CL14 mm
fHEICE— FadoBICHERT5 &, BEREEEROM
BRI ZEALIC & > CTLEEH D 19874 1 Hicid CL18
mm {137, S5 1EHD 19884 1 A it CL21 mm
FHICENTNE— FELOBICERET LI L Ab»
bo LOFEDOFZOWT HITIFRE CHEFEEAR O A
EBROHN, ChHDOE— FeRtBilrheEhse
BEERLCNBLEEZ B ENTED, £, FiTk
5 EERBEOREMBHR OB VI ERROA Z I DEIC
HETS LIS, RO/DITBHT, £4E L LBE
A& 36 mm # A\ /2 1 BT CL14 mm M55 10 E
—Fzd 28 2 3Bbhs, MULLMHEARNE26 mm %
W4 AT, ChEiy 1E#%IcEThi-2ED
N5 CLYmm I E— FRAOEIEDbIh S, 20
fBICBEAE26mm #FHWAFHE T, 7,8 Aic CL5
mm &, 9,10 S1Z CL7 mm B OGS M IciRE
N7co AEPIIHE T CEBTO Zoea IHID$h4E OFE NP
R CL34~44mm THH T LHRLTNSE, AED
WESHRT 1I~2 A (HF, REHE) Thy, 1 A%
WMEOEER L T2, 2N TIEHKICIE CLImm
fHEICEST 5 LS hD, Thhbd, 198641 Bic
CL14 mm fHICE— F% & DEREET 1984 4E4E % h
D2EHET, LPLBHICEBRL T\ & A#ET
&%, COEBERBLHL LT ARERLBIT, 1986
EhHI19BEDZTNFN L AICRBRBOES #@Ic

% MR IR CHRE LB H O BARK OREL1L
ZATHHALNTHS (Fig4), Thditk-1T, &
REOKEWERBE CIIERPEAROT 283 5
CEMTED, Thabb, AEEHOT— FII3ET
CL18.5mm, 4 % CCL21.5mm 35 & U'5 & T CL23.5
mm fHTICHE T %,

i, EENCiE% EREBRKEIETTSL L3I
EERIEAD T 570, FRErETERERARIIR
BB LB, CCTLADEBEETIE, faiin>PEp
REOEGIIRB A7, 22T, £461 0K
HEE T O”E & HEREO W IS TRATRE R G OR
NREEGE ORIMEGICHT T, ERPEAREYH
FRDOERGSMOYTIIOIC L > TERBESEE L /-
(Fig. 5)o 7235, HEER# L CHIHTHIRARE LMl
BLURD TR LB, EREAEOTREIC L - T
TNEDOPBEDT, TOI L2 EBICANTEREICS
ice ZORR, FHERE (1984 FR/E) O H
REROBELE 6 LU L THBHTAZ LB TE, 7
DE— Fid 6 R TEINMILOWNIIFEA M 525 CL26.5
mm 35 & U7 T4 S HE T O RIRE & A
CL26.5 mm 1B 5, MOFERBELY A Th, &
BERBICLD TRETORESBYIFITTHL TV
Ho 7, HBERBLMOFEHBELELT, HER
o BACIEGERB LI ROD, 5ETHIE RS
LictE2 LN 5N 1989 £ &+ 1992 74 K2, 6
OB R 1991 42 & 1992 G ir VICFh Fh BB L
oo TNHDOIENG, KEOMED SN OISR
i, 4N 56 METRAB LD, 581D 6 BORT
BCOONELBRRLHEINS, $/, 5E15 6%
DETHER L6 BUBROMOREIC 2\ T,
Fig. 5 IC & » THIMRA M & H0E O B R AR
DWTFNICD 3EMBEL LOFEIREI N,

BEERBEORERAN S, 1 A TORIMEEfFEET
EIRRIC—ZONMIMBM A& TBED 1 FiITiZyit s
HERTORIMEG & 70 %, HaI8h SPIMEAE DB 2T
LRV, REIREENTSS, LEOZ Lhs
ML, 52D 6 MOMICH) HHE~MER L, 6%
TEFIONIBRAREE, 7 8% Tt BETORINME
BiCie s, LIHD, NIMEEMEE, BIREGL D3
FWMPELUEIORLEE2OND, LA-T, 1 AiC
(36,8, 10 A EIRTONIEEM/EE, 7,9, 11 E5%
A SHETORIMEGIC Y, EINEAEIC 3 ELLLE,
Fd ll B L HETx2,

R Table 3 it Fig. 5 CHREOHEDIC L - TH]E
SN BFERHERT RAKOFY & ERRE T,
Table 3 T1ad, 1 BICRBEINEh -0, &
EEER S\ 1989 4 4 B OB RO H 2 % 4T
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Fig. 3. Monthly changes in size composition of the Northern Shrimp sampled in the waters off Noto Peninsula
from 1986 to 1993.
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Fig. 4. Yearly changes in size composition of the
Northern Shrimp sampled by the Danish seine
of R.V., Hakusan maru, every January from
1986 to 1993.

o THBAEREEAR OV (CL8.8mm) &5 2
t=o 725, 1AW Ry a7 7 IV OGESEE (R
¥, kFKE) THb, Table 3 OB O LT, &
FER DT L ERERFEORFHZZEL NSV, £IT,
&4 1 A OFERANOFHER R ROV 4 F L7 E
(Table3) I= & » CWalford D EER ZFHK L/
(Fig. 6), Fig. 6 1oR¥ &2, EAERILITITEIRBER
PR L, TEHBRIL RN HEETRE LAHER K
AEBi,
1,,=7.614-+0.777], (N=10, r=0.99)

CoT, LidtFERBOEKTR (mm) ThHhbH, CO
BEE S B, AKEO TR 7 R A B H & 13 34.15
mm, 3XUREGRE K3 0.252year ! EFHR I N,

=W}

B RN 0 TH 5D F W £, 1 —0.016 year T,
Von Bertalanffy O RIIKATE I NS,
1,=34.15[1 —exp {—0.252(t+0.016) }]
s, AREFBERIEFEROERAMBL I<—HKLL
(Fig. 7)., EREORKERFRIT 37.4mm T, L &
DKL -7, LA L, CL3Smm ##8x %M &l
BE ek B UTHE CHRAE L 7 46,139 A D > & 6 BIFITH
ERAG /R
ABEOFRPE X LGE Y ORRFRIE 7oA Y —K
THETIENTEL, Tibb, 19884 1  ORBIE
A CEE L2k, HE L MEREOFIRI AT RE 7K
B £, SEFADRME, TRPRMERNIC k& 187 (Fig. 8),
HE, RBUAME G
Y=6.84x 104X 2%(N=1,708, r=0.95)
fEFAPRME © Y=1.09% 103X 283 (N=328, r=0.96)
FoppME :  Y=7.17x10-4X30(N=83, r=0.93)
L EOBAE S, MFRICHIGT 2BRPR & (hHE, ©
NIcH s L 04 1EE 7 Table 4 D LD ICHEBR SN 5,

%

AAWGEOABOREZ#E Lo, gH,W/h
BT A, 19 FHE 9 (VT A, 9K, R, S RN
KR, M ARGy 77 ALYERRT — L, ¥ oy
7d 5 (Table 1), Wih S EFEMEORBF AN E
BT A LIk TRERZRDTEY, #EIhIcRK
LERBOBCHE TS & 2~5 %, HERFRD 2~3
BOEREDOND, ThLOEEEDOFRE LT,
FEEARE LT\ D, KEfEEO RS BN
TH-1l EBBTFONE D, TEOWRT, REEIIRE
F#E 2 ONTW LD AEEITEL, FHEROILH
TEICHLN - TE, ABISEI»OH6 RO
THED HEIC RS L, REEINTEEICHKKTS
BOENA 5%\, Faid ILEIcET 5 L e P
TR L7=0iE, [ UREE Bl e THE Lo R)IDKER™
THbH, FNICESNTERTHERBAMO R AL
WIBEREER CTHE LCRARE Ry 27 7 AT RS —
A, ¥ JedpE e OREME CTHE LRR® TR LN,
LaL, WIFNLABOEHFHITHLTL 2EO7—
2 RN U ERICESWTE Y, EEKICKRT T
7o AT, BANKRMOF—2 IR LT 8 FERICH
fo o CHRN, ORI HIE L s EREF B84 5 C
FTREZXBOMCL, BONHEROZUENMUOF
MBICOWTLHRINSZ b, AEOMETEL

£

W PBE I 60 EEE FRRIBBEIEREEEEEL T RBRMEREE, HBK, 1986, pp. 61-73.

s I EOKEERRS < kv 777 7T QLRS- REETEICH 5PH%E, 1B 62 « 63 FEAFTIIRMIEIERR HotR B B
EREEEEABRAATIRREE, FIIKREN, 159, 1988, pp. 1-77.
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BRI R AT AR A PP e S, 1991, pp. 17120,
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Fig. 5. Size compositions classified into the age groups of the Northern Shrimp for Males, Ovary Females and
Ovigerous Females. Shaded: dominant year class of 1984.
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Table 3. Carapace length (Mean=SD in mm) of the Northern Shrimp estimated with age composition analysis

Age(in years) 1986 1987 1988 1989 1990 1991 1992 1993 Mean
1 — — — — — — — — (8.8)
2 14.2+0.9 14.9£0.6 — — 15.3+1.2 15.4#+0.9 15.1+0.9 149+12 15.0
3 19.0+0.9 18.8+0.9 18.7+1.0 18.4+0.8 19.5+1.0 19.1+1.0 19.6+0.9 19.4%0.9 19.1
4 21.6+09 21.4+0.8 21.5+0.9 21.3+0.9 22.4+1.0 22.4*0.8 22.1x0.9 22.4+0.9 21.9
5 24.7+0.9 — 24.8+0.8 23.6+0.9 24.8+1.1 24.6+0.7 24.4+09 245+0.9 245
6 26.8+0.9 27.2+0.9 27.0+1.3 26.5+0.7 26.6+0.9 — 26.7+1.0 26.4+1.0 26.7
7 28.4+1.2 275+1.0 27.9+1.2 27.7x1.1 — — 27.2+0.9 — 27.7
8 29.7+0.8 29.2+0.9 — 20.2+0.8 29.1+0.9 29.9+0.9 29.3+0.9 295+09 294
9 — 30.4+1.0 — 30.3+1.0 — — 30.8+0.8 — 30.5
10 — 31.5+0.8 31.9+0.8 — — — 31.5+0.9 — 31.6
11 — 32.8+£0.7 — - — 32.1+0.8 — — 32.5
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0 t y i ' Fig. 7. Growth curve of the Northern Shrimp in
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Fig. 6. Walford’s graph of the Northern Shrimp
in the waters off Noto Peninsula, the Sea of
Japan.
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Fig. 8. Relationships between carapace length and body weight of the Northern Shrimp.
Left figure: males and immature individuals, middle figure: nonovigerous females, right figure: ovigerous

females.

Table 4. Sizes and sex by age estimated in the
Northern Shrimp of the waters off Noto Penin-

sula
A Carapace Body S R
(in years) 18?1%-5? w«aght ex emarks
1 7.7 0.28 Male Immature
2 13.6 1.47 Male Immature
3 18.2 3.46 Male
4 21.7 5.81 Male
Sexually

5 245 8.30 Male transitional
6 26.7 11.87 Female Spawning
7 28.3 16.25 Female Hatching
8 29.6 15.89 Female Spawning
9 30.6 20.54 Female Hatching

10 314 18.78 Female Spawning

11 32.0 23.49 Female Hatching
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Fig. 9. Growth curves for the 10 populations of P. eous and P. borealis (data in Table 5).
Parentheses: average or range of living water temperature.

Table 5. Life history parameters of P. eous and P. borealis from different parts of the world (modified after

Charnov3?)
Approx. age Living water Growth
Species Location of last breedings  temp. (°C) coefficient K  Reference or Source
(in years) Ave. (range) (year—1)
Pandalus British Columbia, Canada 4 8.0 0.48 Butler??
eous Western Gulf of Alaska 7 45 (4~5) 0.39 Ivanov?®
Plibilof Islands, Bering Sea 7 2.0 0.25 Ivanov?®
Kiluda Bay, Alaska 7 — 0.41 Fox3¥
Ugak Bay, Alaska 7 — 0.36 Fox3¥
Two Headed Island, Alaska 7 — 0.29 Fox3¥
West Kamchatka Peninsula 6 (0.1~2.1) 0.336 Kitano and Yorita2®
Sea of Japan 11< 0.6(0.3~4.5) 0.252 Present work
Pandalus Oslo Fjord, Norway 4 7.1(6.4~7.9) 0.70 Rasmussen?)
borealis  Skagerak Area, Norway 4 (6~10) ? Rasmussen®?
Mist Fjord, Norway 6 3.8(3.4~4.2) 0.27 Rasmussen?®
Spitsbergen, Norway >75 (0~3) 0.23 Rasmussen??
Jan Mayen, Norway 5 (0~3) ? Rasmussen2®
West Greenland 5 (1~2) ? Horsted and Smidt3®
Northumberland, U.K. 3 8.5(6.0~11.1) 0.71 Allen2V
Gulf of Maine, Canada 5 5.0(1.7~9.4) 0.46 Haynes and Wigley®V
Newfoundland & Labrador 6 — 0.17 Parsons et al.3®
Balsfjord, Norway 4 — 0.37 Hopkins and Nilssen3®
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