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Fig. 1. Diagaramatic representation of the habitat of the sandeel (Family Ammodytidea) in the

world.

Aal:  Ammodyles alascanucs, Aam: A. emericanus (=A. hexapterus)

Aci: A cicerellus, Acp: A. capensis, Ad: A dubius,
Ah: A hexapterus, Aim: A. immaculatus, Al A lancea,
Alc: A, lanceolatus, Am: A. marinus, Ap:  A. personatus,
At: A, lobianus, Gei:  Gymnammodytes cicerellus,

Gep: G capensis, Gs:  G. semisquamatys,

Hi:  Hyperoplus immaculatus, WL  H. lanceolatus
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SITHEOEER DT ot Aot “HIEMEMHT 1119635 (BR1384E) LM B CH v, LhllE
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BAHEER &2 > T BN, A D+ TREOEEBRRBECIRENEALEATEY, OB EHHEOR -
k& LA L L,

MR, 2B L EREROREROBEET L LCE Ui, TR FEHER" oR
W) CHBRY S <, MBI LR & > T B ERTO B MR & &5 LT, dbiEsig
SR M), R CEW RS - WED, YN (B =) RUOEIEREG CHHEHR" oER
WRICED O4FERE Uiz, (IEEORER S L CREROBER 65 LS, e Bz ke
TOGE285) TSI L U, 1980) &dsp €, BIBROMEARLIL, BEREES O EKBOBEI
BFEENRG, LALIAGOEREMNEE EPLET L b+ TER LR GUCIENTbR Tl Y, &S
DA JF SRERPIET B LT, HLAMROBER & L RT3 0 #EYCh Ao,

B DA -+ T WA A U CER R BRI RAPERT o OKEBHE" (1965~'89, {H L19704:
R L) I & - TSN S AR &, B & LORD bR 358 Ehicd &+ 2o fliis (1
Jkg)y o WhiE b P,

B2/ A HFTREZDHR

£ L EREEOBBERORBELERE Fig. 2 KR L ZOEN 6, 28 & LT 1IN1953~'674),
T (1968~'764F), A (1977~'88%) @ 3 DMz K% L f%g7*kﬁf§bo%“f'n53
omﬁw%w%ﬁﬂ@ﬁﬁ@%ﬁ%&%h%%ﬂ@%ﬁﬁ%% L) BHEE Table 1 R Li, oh
Mo wEReomE 4 Fig. 2 & Table 1 & HHHET 5,

Im 2EOEFMERIEE~1077 t 0K H Y, EEHPEMERETS, 716t Th » 7z, FWHORBERD
IR & <, BRECHER LT 5, Coilick, iMoo 3 Kalch s~ (FY) (1958
H~), =& (19629E~), BT 4 (1965%E~) OFMAABMICIHE » T3 (B, 1982), A #9 =ik
4 HCREBEME-CHE MRS OME RO &L LTSRCEMI T 22, ZoBoBEEELb A0 -
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Fig. 2. Year-to-year change of sandeel catch in each fishing area in Japan.
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Table 1. The cetch per year of sandeel in each majar fishing area and term in Japan. Percentage in the
parenthesis denotes the proportion of catch of each fishing area to total catch.
umit: metric tons

Term 1 I il

Area (1953~'67) (1968~'76) (1977~-'88)
Total 78,716 216, 005 132,569
Northern Hokkaido 14, 878 112,529 38, 363
(18.9%) (52.1%) (28.9%)
Sendai Bay 14, 266 14, 401 40, 656
(18.1%) ( 6.7%) (30.7%)
Ise Bay 8,371 23,123 6,648
(10.6%) (10.7%) ( 5.0%)
The Inland Sea 22,145 45,174 38,011
(28.1%) (20.9%) (28.7%)

fok#z ni, BOTBEOPMOREROHBEN6THE, | KK 54 5 TEEHEICERF MO8
SHBRELC R EE L oS, ZOBoEE, L chERA G, 1956), BER, #hl
@ CRE - N, 1957), BT CREIERE D B E S o o, PSS TSy T & R RN, 1976
a,b) Fo LT A O N SR, ANHEE LIRS, T AR CH - 1,
DR O S EERI0~3075tO M ARk E BT LCls b, EREIERE216,005 t TH ot ZOM
kkofﬁ%miﬂﬂﬁmiwﬁL,@%Wﬁ’koh&ﬁiéb:nmﬂﬂ%%mtb&ﬁéﬁ%m%ﬂ
L LT (BRIRAl, 1965 5 BIIR - W3R, 1969), HoREfMEc U sMRAEERBRAOMEE LT, 4 b
IR HEWENBHICE E - fo o B2 X B, deiEEt i cy ,wm@m SRR L B4 h T
WhhE -t Cem, 1977) Skl kn, o2 ComBRE MSOEROWIEE CReBRERO KL LY
BIZT -t BT BRIy TSRS E & A 0 BB R @aqutg%mmwﬁ
ook 1 & Tk E e e TRIERE OV BT & UF P CHL - o Moo SRR T e 2
~ 3% (Table 1) &7 - TAbifEE & R SHEHEB 2R LI,
I AR RO 2EHE 8 ~2077 t TH Y ML v 27 DB BRAAIIKIE L 7 - o, dLHHEILE CO%
BERLI976ELIRMA GBI 2 12 ¥ 0 *2, Cha'gEHofmc b8 L, ollof i aiiy v
875 t A LTI32,569t &/poic, SO 5 AN BAIFEE, WRERNEBTLREERCHY, LHlos
W, FoOREHEBERELZZ LA S, BRI ERFENSMKES EEZ BN 200 3 SO RETRN
AR LT RO R, BRI LT 5 2 b, SLEOHEN S » CHENED LIt L 2R E 5,
SOk H - T, MEEOMEEIAK E L OO FHK S8, LRI - T, 19845
PHEEOREROTM 2 LRTAERT oL 5, 2O LRKICHBRT S Lo, fERoMA - Rt
SRTELHTHRN B, HECRHEHOXE CRLE, EAMEEE - o+ T2l sL ki
MO TH D, WRBRMOEEEERA Y, |, THOBRGREEEMCHER Uiy, TN 24 » CRIEE
FARIIN L, SWHHRIC A » 2 B2 B, SO LI TRHIRECHRET 5, A dsiiEE LA o i
Rk ELTEARC LS TH B,

BEIE MAEOAS AFIEE

MG 3 oA 7+ Tl % Fig. 3:mLko:m@m%7%ﬁﬁ%%ﬁ&ﬁ6@ﬁﬁ&mmm
WO R HHE R Uiz, £ORBISEUED LD THEDT, T2 ThEhIAbEl, H2H
LTS O ;%Kovfmm@w@%&%wm~%15ﬁw“Mﬁﬂ@@%%%<ﬂfﬁ%)

FEE T PR OB 1Kk o1,

*2 AL e 4 o T, Y HEE O00MERE R s Y, B Y IRETHIC & - THRERNY R IR D,
WM& FE B b B 513 ERFAHD LT 2 a%4anfug<@$,w%n
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THTBEIARRMAC L S WEHS AL Fig. 3. Year-to-year change in the landing of the sandeel
L7o®3, RO Gk, “HEEMAER by prefectures around Sendai Bay and Onagawa
&5 EMEMEORED T, T8I Fish Market, Miyagi Pref.

1X229CTHh » 1o DEIITIZIM L,
G HTEH500E BT AFE RIS Uz, S OI0EEE - TR T84, E o PRI T 854E
IPBIR G EIEREE A CREMABEABT L 9o, DLEofEE, Fig. 2 wHoRB L5
MEEBOA B TR SOELIRMMET 27 LT, IR TABBRE 7, SHRREE L
T, Y, BRI b T, AERAY, FUEMRESBA LERE V2 5,
L VIBEBE OB EO R oA HE (Fig. 2) &, Moo L L Ffs, $Bo%o
wE RO HE S Hbh T 3EE2 RS,
ik GREGED OBEM G, EEOA H + T T3> ORI S S LTl <,
ST 1976400 W, 7 Bor0igE
S 1977~'83% MRHENBA LIcHBT, KRMEPAA-TL 5ET
ST 1984%E L% KRB A L LR
IO Lo, T (Fig. 2) 1A - CHEET, A 5 SRR S 22 o foioth, SHIRO
ABFTMITEENHINBEAFT D00, 47205 2L MEHE LCVABE, BRFEORE
FA DT TOWBRRE LIS S b b+ TRESARE LI ED S L F, UHEERHETRES
WA FEABI R D B IV,
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YEAR ~1975 76 77 18 T8 80 81 82 8% 84 85~
1 Ll I SN O S T T I
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Fig. 4. The changing process of the sandeel fishing gear in each
prefecture around Sendai Bay.
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PSR T OB EBB ENTE D, FOHSES, '8IFE 7
i, BRI Lisic b b 68, B E LTot o
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i »T, T D EL AR LRSS OME L LA 2 DEENEE -0 o & 6258
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EofERoBR EEGT AR E 2 -720%, SAB TR - LEEEOREORBELH - h BT
BN, BRI & Fc, SHOBOBEROBL»EA TS,

PLEofko s AR, BEOGHFRCEREERE LT hra@EE BRI LERDT
WBEER B, BEIIEE LG, BROEWERE LTA D FIRE 62T, LORBEIREOFTHIIRHL)
FHO - bDEAFHRMBESO@BYrRD LN 5,

BRI T 7+ TREOFA (=) 25 <C-1T, ST o TR, S REEHT CE LR
F LEHEBA LIPS AARIEE L oMIc g ri s 2095, 29 o i SMEo fRo—o0 R
Fike LTCh, LEOBREHEORE, LOMHLLIEL LR LD,

B4R HERRRICBUIEBEE

HHEEEE O ML, A HF TOREPED L CREo—2>ThH 5 L REM L, BI3WT, RER
OHEMITEBRBEOLE R KM LTl Y, FORPNLEARC & il ~ton, Zofoni bR oE.
B E I T B, I 2 CEBEENH B L 3HMicmAL €, EERONBIOVTEY6MIET 5, %
T2 T A VA K 2 DEEREFEOBE G T - 7.

I ME & FE

19774605 6 1983412 Mo ih C H AR B IR CRME S vt B+ & REE LB e BN AR SERIE T
FEEICH I D, SIS UTI0% R A U DI BET B0, B L TR Ui, R L -G, &
Az Y YR B Lo BURHE AGE K TR BE, MBEHI M L v,

G & R A L7 B R LR oM 0 Ch B8, s b RC R HBEEI o CHER Lo Tkl <,
PR FANCIE U CRBE A IO TT » 12,

& oo FHAO Fb A & RIE T 08 & CoOFERE & mm AL ClIE L1,

* B0l g AL CRIE L1,

OB B e DR ERIR 0 U AERES b o R R R CIE L,

H Fpeeeees BE (1980) X, MhEBOA #2005 - FICRBEROBRICLBVCOHL L E

B L, chEgmBHeoMEERAH, WEEHLO—HEGKICOVLTHR
OWREBE L, £, ERTEOCOIBREHE L,

WG G - 2 O MRk S B BB U s

Wl s

IR S

5 HE B B B HE L 0 RIBEEIRE & TOWMER M R Lz,

B4R B RO RS Lo T, LR &, RIS O b L,

# 5 FBOEMIIFEIL DL TL, SEREHEO—>TH BH PRI &1T > 720 Thid 2 DLl Lo
A OGHIBED) MHER POBEBEL D H-Tuwbh, Eiidh o525t o (Svepecor and
Cocuoran, 1972; /IMk#E—, 1983) C, Z iz iZ A ke kB E Bl » & — CHE > # — o TSS Library (3
ek A Y 2 —, 1981 HARSE &, 1976) &MVTHITET, BEAEHO~A~T /
R o (D) (Swepscor and Cochoran, 1972; /kiE~-, 1983) Z#w, FHRELZT -1, ZOiEHE (D)
& HVC Mountrorn #: (RIG, 1976) 12 & - THBINE 2R Lz,

HEFBHOMCTHDICBIMER & b &, Wi Licdi- T Berraranerry OB ER DI, 15
F A EINARRO LR LR EIRICA D, B AR ERL VWO -CEMMCA S GELCH6RCihi <
5) W, FoOBIBEREKERES 25 (KB, 1950 L, 1967 ; #RM, 1985), ¢ - CEMRINIC A BH
P GEEIRINZ i C ORI IO R ERT b0 LB LT, TORMORER £ L L ciiidkE iR
Wi, A B LOEMAETE (K, 1950) FE (Haravaka and Oxamoro, 1950 5 :4t7j, 1955, 1957 ;
®4 fe b2 ¥, 19894E6 £ 30 F A B ACKEREF RS TERBs 2 v g FRBMEEL 5] & LCRHOM

OBFEOERMERML T B, Auy Fig, ZoAoA»+ImBONTi%4,
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s - #h, 1957 4 JRZE, 1980%) MV TITbR T30, KBS CiilBBoBa T T 20,
DFBEIER 7 Y LRSS CHEORBD AR 4 » TR0 T, BRI 2T, Hi
(1984) DHFHEIT L » TE— FHOWET, BIGRE &R0, LEOHIKEROEAR (&) oBoh
TOSHBEE, BB GREEAR) 28 LT _CoRER o2 LCINGE ERD 1,

o, B IR AW S L, B E SR, F ORIl IEO SRS U CII o S ERANK
w A, IR CIAIR A HEE Ui, JUPNE R HEE C X o3 EN S BB OREHC ST oK T, Lo
Bz oG TR BERoOM L AT 50, LRI BB 2 TE L,

A F - TORMBEBEFMRF O DI, R (1984), MAs (1988), K& (1980) #GE~Tv5 L5
MO o-GPDH 7 A Y A AOZHAFREHO—2Ch B LE2 6N B0 C, EE L EEOE
R DCCTHGRBHEB LT, SOTA VA0 A5 L, ZORDIZESHEE Uik & ik,
HEAMGOENPY 1lg 2V HLEROBEREML TRE D4 XUz, 3,000 rpm -CLOZEE
DALk, BoRic i, &5\ R BEEURRC Y v 2o, B LK AR LAk,
HH0 UBBELN%T - 7 A AcfiiA LT, KPEXC, 10CUF, 16 mA BB -C16MMkE) L7:,
PreBh Gt B Ok oY Suaw and Prasap (1970) 46 - 7o

nEs, A DT D200 I N PEFHBRDE~ FIC L - (2200 70— FLE ST & (Haranaka
and Oxamoro, 1950 ; MK, 1980) ##a 6, KWL TRz L oo 2 2% 63-VC Group, 65-VC Group
ELTRY, BT 25X 5GEOMEORKRE, AERBIAOA D+ 3E1, B, Hllo 350750
RHER, BLZA—7BF 840, BN, Bk b TOEH I A~ FTHBH, 63-VC
Group, 65-VC Group 2L hFRHEH, HU 75— P4 5,

SE2H MARMTIEIC & B REEREHB

BIE WBBESHFTORR

() BHEAHOMR kA # - TORMEBOR TN, FEEENCFETREAVC2BE1E - (Pl s
W, 1957) ©°C, I TIRIBDICIIEE & Lo R SRt b S OIFHEE IR B R R
L (Fig. 6) SOBIKRULCERRTRANRETRBEECH L0, £ < OBKT637\ > LEGICE —
FESOIERSNEARTHB LR - T B, —FH2HECcE~ FAHRLTHW340 (kA ], 0, Q
o, EMGHLOHNERNADHERLTGS P, R 0L o5 EENH T, 208D R
BEMEBROE— FEE 24D+ T 2000 0 — 7HRELTOL IR TH S,

(2) WHoORC L 5FHERH S BEKNE oG Fig. 6 CERUMASMERLUAEARP (1979389 R
EBClE) owT, HREOR L UFEER, BERENS, BEREoME Zh o200 hmgE
EORIGHGERE L, Fig. 7 KHG0 2 20M %, Fig 8 WHEMEEFRENR LI, HEI
RE (1980) M6 LItk 5 20BN S, ThARThART, KR LSR5 2 Eicd
Bo WIHEEHHEHREIO /A~ e, BEEESOLOHIETS (BE, 1980), Fig. 8 R LI-LH Iz
AP OATEERITEEOBIC X » THBNC 220 J b — A2 530 SR, 8o € — KRt iio e —
FOELDGRERBRODH L Livbh 5,

FRZORNS, A h S TOBMHE 2R RPN ORI R AR T, ché
FHER R E OHIEL SEGHNSTRTH B V2 %, CHICHESHbE S & BRI
FRHNEMN, Fw ) AEKOEE, HEIBEK L TBETcE V2L 05 5,

B2 HASHAROAC HFIOKEMEE OISR
BT E 25 Lo BRI ol & Fig, 9 12, 28048, EEA R, HERME Bk

ok Table 2 R LI, HESHOMBMMBIZ L > TSIz T A7y Ry b m— REbg o, 7

3, MEHEBEROERZIUEECHLOTRMLCa— Fig ak & Uiz, BIRBRMBOLBOBA (19805

4 55 B BRI oAb M0 R CHIRMIC X » T 1 iiE O LS B L R, PR s

R E O (Fig. 10) 126 2207 — PREHERAOC R E LTSS TH 20 =~ b,

E 2 L7e 5 oo IR OGS B & Table 3 2R L1,

Table 3 £ R % & FWHOHMBROBIAE, ML Hiz k&R lEBLTG52 25, L
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Fig. 6. Frequency distributions of vertebral count in sandeel caught in Sendai
Bay and its neightborhood.
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VC GRN | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | Total
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Fig. 8. Correlation between vertebral count (VC) and gill raker
number (GRN) of sandeel caught in Sendai Bay on March
9th, 1979,
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Fig. 9. Map of the sampling localities. Alphabet (A~T) and ‘ak’ show sample
code (see Table 2).
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Table 2. Locality, Date, length range and number of fish of each sample examined on meristic

characters.
Sl Loy bue  Leghmme e
A Wakkanai (July) July 31, '79 16.2—23.8 33
B Wakkanai (Sep.) Sep. 19, 79 14.7—22.6 30
C Iruka Feb. 8, 80 12.2—19.8 23
D Yobetsu Feb. 8, '80 8.2—12.8 20
E Yoichi June 13, '79 10.3—-12.7 33
F Onagawa June 22, 79 8.9—12.2 51
G Tomarihama beach June 24, 77 5.4— 7.2 30
H Kinkasan Is. July 4, '80 10.7—13.2 40
1 Sado Is. Apr. ? 80 15.8--20.1 40
J* Sendai Bay (63— VC Group) Mar. 9, '79 11.7—15.8 16
K* Sendai Bay (65—VC Group) Mar. 9, '79 15.4—21.2 31
L Onahama June 23, 80 6.6— 8.3 36
M* Tottori (Young, 63—VC Group) Apr. 5, ’80 3.5— 5.9 40
N* Tottori (Young, 65—VC Group) Apr. 5, '80 3.6— 5.5 23
O Tottori (Adult) Apr. 5, '80 8.4-12.3 31
P Ise Bay Mar. 19, '79 4.7— 6.2 34
Q Awaji Is. May 26, '80 11.5—12.9 30
R Bisan Straits June 16, '79 6.4— 7.8 30
S Hikari Apr. 10, 80 9.5—10.8 30
T Karatsu Apr. 3, '80 4.3— 8.6 27
ak Akita Oga Peninsila May 13, '83 15.6 1

* Identified based on a combination of vertebral count and gill raker number shown in Figs. 8 or 10.

GRN Total
21 22 23 24 25 26 27 28 29
ve M N
61 T 1
62 \ ! 6 ™M 7
63 2 3 1 ™~ 6
64 2 15 5 1) 1 23 1
65 | \ 1 2 3 2 1o
66 /s 5 8
67 {x 1) 2
6 8 \ ]
69 Nl _— 1
M 2 11 19 7 1 40
Tatal
N to71 12 2 1 23

Fig. 10. Correlation between vertebral count (VC) and gill raker
number (GRN) of sandeel caught with a commercial beach
seine on the coast of Tottori Pref. on April 5 th, 1980.

WA - b, BARBNOEAGBIRBR AL LT, A (C), &N (D), &l (E), SEBE
(ak), i (1) kOB (N) Gii’f’H’//lx iz, B (M), B (O &) "?s‘rlztfﬂﬁ? (T) &
BN~ FIABL ETHD, M, BAREHTRE, APHEMTOMEE R, BIRRIGE & TR
L LTHilz 63-VC Group, dtiz 65-VC Group @ 2 2o fidipoh b s & T b,

SOOD%?VMJ%T%&IEL CCHIBA R O RS SR D B hiie T /RO BRI O F BUEks R

% Table 4 A, v/ CAOERER A CER LABIIARE Fig. 12 R Ui, 2 oIR8
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Fig. 11. Relationship among means of vertebral count (VC), gill raker number
(GRN) and ray number of anal fin (NAF) for sandeel samples around
Japan. ‘ak’ is shown with data from only one individual.
A, Wakkanai(July); B, Wakkanai (Sep.); C, Iruka; D, Yobetsu; E,
Yoichi; F, Onagawa; G, Tomarihama beach; H, Kinkasan Is.; I, Sado
Is.; ], Sendai Bay (63-VC Group); K, Sendai Bay (65-VC Group); L,
Onahama; M, Tottori (Young, 63-VC Group); N, Tottori (Young,
65-VC Group); O, Tottori (Adult); P, Ise Bay; Q, Awaji Is.; R, Bisan
Straits; S, Hikari; T, Karatsu; ak, Akita Oga Peninsula

Group 1
A Wakkanai (July)
B Wakkanal (Sep, )
c I ruka
D Yobetsu
) Yolilchti
K Sendai Bay{65-¥C Group) Group 1l
13 Sado s
G Tomar { hama Beach :}_J
N Tot tor t{Young, B5-VC Group)
M Tottor | {Young, §3-¥C Group)
T Karatsu
[of Tot tor §{Adult)
P I s e Bay
R Bisan Straits Group 111
H KinKkasan 1s.
J Sendal Bay{83-YC Group)
L Onahama
8 Hikartl
¥ Onagawas
Q Awa § I Is.

I ! I | |
1 2 3 4 5 6

Mahalanobis distance
Fig. 12. Dendrogram drawn by Mountford method with Mahalanobis distances
for the meristic counts of 20 sandeel samples.
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Table 5. Sample for examination in growth of sandeel around Japan.

. . L No. of
Group Locality sligug)lg Date r?lgété] f(i)sli) (*, pressgﬁg‘;gmple)
I  Wakkanai 1 July 31, ’79  162-238 mm 50 *
O Wakkanai 1 Sep. 19, ’79  147-226 51 *
Shakotan 8§ Nov. 21, 55 168-210 20 Hokkaido Ex. St.*!
Dec. 10, '55  164-237 23 Hokkaido Ex. St.*!
Jan. 9, '79 66-125 47 Hokkaido Ex. St.*!
Jan. 10, '79 85-153 12 Hokkaido Ex. St.*!
Jan. 23, '79 127-234 26 Hokkaido Ex. St.*!
Feb, 5, '79  150-215 16 Hokkaido Ex. St.#!
Feb., 8, ’80 70-135 56 %
Feh. 8, '80 122-263 30 *
(total 230)
I  Sadols. 4 Apr. 7 80 158-201 44 *
Apr. 15, '81  147-203 40 *
Apr. 18, '81  145-200 51 #*
May 1, '81 150-194 51 ES
May 15, '81 153-212 87 %
(total 273)
I Sendai Bay*? 4 Sep. 30, 77 136-189 5 *
Dec. 2, '77  165-208 32 *
Dec. 23, '77 158-183 7 *
Jan. 13, '78 136-218 24 *
(total 68)
M  Sendai Bay*? 5 Sep. 6, '77 88-163 21 #
Sep. 30, '77 107-152 11 *
Dec. 2, '77 142-175 24 *
Dec. 23, '77 118-164 29 *
Jan. 13, 78 115 1 *k
(total 86)
M Ise Bay 7 Jan, 14, '79 75-124 51 *
Jan. 15, 80 80-119 89 *
Jan. 10, '81  80-129 51 ok
Jan. 15, 81 90-124 49 *
Jan, 20, 81 80-124 50 %
Jan, 15, 82 80-139 51 ES
Jan. 20, ’82 80-134 49 S
(total 390)
M  The Inland Sea 6 Dec. 2, '82 69-159 68 *
Dec. 7, '82 69-154 120 ES
Dec. 28, ’82 71-159 50 *k
Jan. 16, '83 79-138 96 *
Jan. 19, 83 84~143 100 #*
Jan. 27, 83 84-138 68 ES

(total 502)

I  Off Northern Kyushu 3 June 26

~Nov21, ’62 65-145 545 Miita (1967)
May 22, 81 61- 98 120 *k
May 21, '82 70-117 131 &

(total 796)

*1 Hokkaido Prefectural Central Fisheries Experimental Station
*2 Sandeel from Sendai Bay were identified to the subpopulation based on otolith type, vertebral count
and gill raker number.
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FNENOFR RERREE O BHEREEEX 2R UILE, 1982), WM TtHeMc LicA B+ = (4
ADFTEHFLIELDLEDT) OFEITA— Ao T, RIEPONED S TEREND L - LM RE
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Mt %2 Ziedh b,

wIE B R

WEAWALMICTEEDTERLEOE, W1 S~ 70RM, FICET SR, BT, R, hss
Z LCHMoMERS, H88, BN, oo » o =Ch b, vk, &g Table 5
R, B, BN — 7ORROBEZ LR ER Table 2 & “Pik=a—F" ALBT#H5, Table 5
OFF NGO BATEER CREI N L0 TH O B (1969) OMBETF RHRIC S5, HREK 5
fGlfERERnioa v a4 —-NBoOHE Fig. 13 2R L1,

280—-1
Age group 1 2 3
o Hean kngth  95.95 122,87 140.80 {1} Walckanal--~-Group 1
Lyear-oll group oo o app ysp 50 2401 (3}Shukotan
. e G o
5 ‘ 2eypar-ol group s (5)Sundal Bay)
§ 0 " / \ i
b4 \ A : (GySendal Bay
ﬁzu " “' L 3-yearol group R 1a0e]
/ ’@ va.k g “Group 111
. i VN B 3w
3¢ 80 90 J0D 110 120 13D MO 150 160 S
BODY LENGTH {om) g
] BO~—
Fig. 13. Example of the best fitted nor-
mal distribution curves drawn 10—
on the body length histogram of
502 fish from the Inland Sea od I ' I l T |
(see Table 5) by Axaming’s ! 2 3 a 5 o ?
method (1984). Each normal AGE
distribution curve for age group Fig. 14. Berravansry’s growth curve by sandeel
is drawn as 300 fish for age subpopulations from different localities
group I, 150 for II and 50 for around Japan. Broken line denotes that
HI, respectively. four-year-old fish appears very rarely.

Table 6. Berraranrery's growth equations of sandeel subpopulations shown in Fig. 14.

Locality Group BerraLanery's growth equation kX Leo
(1) Wakkanai I Lt=2290, 42 (1 —e 0257 (+117) 74.6
(2) Wakkanai I Lt=278. 06 (1 —e~01900+2.30) 55.3
(3) Shakotan 18 Lt==266. 20 (1 —e~-0877(t+021) 100. 4
(4) Sado Is. i Lt=237.75 (1 —e—0-383+0.69)) 91.1
(5} Sendai Bay 1 Lt=248.93 (1 —e-d2ud@+263) 53.3
(6) Sendai Bay m Lt=212.36 (1—e—0231(t+2.19) 49.1
(7) Ise Bay i1 Li=161. 44 (1~ e~0-286(+20D) 46.2
(8) The Inland Sea il Lt=176. 62 (1~e~0406(+093) 71.7
(9) Northern Kyushu m Lt=213. 13 (1 —e0167(+1.78) 35.6
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NI (1982) BRI DVCHI LT, AXT UREER) H—@Blchs b &N, colthre T &
Lo LOMICRIEOHBNERET B0 T kXL, b—E DI L EFRBELT, "k & Lo LOBoEME A
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/\ n=210 (Nov. 25, 1977)
0 T T T T T T T I T I 1

20— b GSI, 5.70%; BL, 1l42mm
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I 1
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20 — d GSI, 14.67%; BL,154mm
10 —
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0 i

I I | '
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20 ] £ GSI, 23.6%; BL, 155mm
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Fig. 15. Progressive development of vocyte diameter of two-year-old sandeel
of Group III, 142-155 mm BL, from Sendai Bay.
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ARIP R OMELIC X B d R » 7o C, JPROELERE  Pig 16, Frequency distribution of cocyte
R O RIS BV BP0 ACEEENE L2 b diameter of sandeel from Sample
DOTHBH, £ic Fig. 16 1k, KBEPFIMP2HECH 44 code A shown in Table 2.
Locality Group
0 Wakkanat I F=0.06965% %2
8 —-1 : (2 gendai
(2) Sendai Bay II F=0.00126L°° 77 A Bay
(3) Sendai Bay 111 F=0.3685%16
7
(4) Ise Bay III F=4.889L3'091*
(5)The Inland Sea III F=0.00014817 37"
6 {(1)Wakkanai
> 5 =
=t
4
] 4 —
Z
e
@)
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fre
2 o~
l p—

7 9 11 13 15 17 19 21
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Fig. 17. Regressions of fecundity (F) on body length (L) for sandeel subpopula-
tions from different areas, based on the present study and some other
data available. Data source for Ise Bay (*): Itokawa (1980); for the In-
land Sea (**): Inour (1948).
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Fig. 18. Example of starch gel electrophoretic patterns of o~GPDH
in skeletal muscle extracts of sandeel. This figure denotes
the result of sandeel from Sendai Bay on May 8, 1977 (per-
sonal observation).

Table 7. Sample of electrophoretic experiment for «-GPDH isozymes of sandeel in the present study.

No. of fish (length range in mm)

Locality Date
Group 11 Group III
Sado Is. May 15, 81 34(157-227) -
Sendai Bay Dec. 2, '77 36(165-208) 33(142-175)
Dec. 2, '80 — 13(129-164)
May 15, '81 17(150-173) 2(162-169)
Dec. 12, ’81 5(179-211) 14 (120-175)
Jan, 28, '83 — 8(123-159)
Sep. 30, '83 3(179-240) 5(139-158)

(Total) 61 75
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Table 8. Summary of electrophoretic experiment for o-GPDH isozymes of sandeel subpopulations
from different areas on the present study and some other data available.

Frequency of phenotype ce~Gpdhs allelle
Area Group Total frequency
F FS S (standard error)
Wakkanai* I — — - 44 0.000 (0.000)
Sado Is. I 5 15 14 34 0.632 (0.058)
Sedai Bay I 12 17 32 61 0.664 (0.043)
Sendai Bay il 0 9 66 75 0.940 (0.019)
Sendai Bay** m 0 1 59 60 0.992 (0.008)
Ise Bay* m 0 0 75 75 1.000 (0.000)
The Inland Sea*** I 0 0 50 50 1.000 (0.000)

Data source:*, Oxamato (1989); **, Oxamato ef al. (1989); ***, Kinma (1989).

BAE HAESD «o-GPDH BEUAENE

4 5+ FOHIEGO a-GPDH 7 A V¥4 AOBLIKE RO~ & LCI977T4 5 [ 6 B BRHEFh (il
SEPIOEMIC Y5 THLNEROKISE Fig. 18 RlLi, 2 TAY FAh—KRTHBIEO KX
ECLOPREMCRH, —RTHEMEINIGHERUCSH, MHOBEEZUTIRBEATV- 230
FS #1 k42, a-GPDH 7 A VA Ld#—RETHED 2 >ONILRET o GPDHF & o-GPDHS 12X -
THFERENAC B &b, FROBETF F/IF, SE S/S, # LCFS Bk F/S ¢%3h 5, W
G R T 18k % Table 7 R Uiz, B LGB o+T<CoEEZoVC, FEROBIR, #
HER B 3e & QBB A BV C o A — ORI 21T » foo EEOBERIC O TR SR OB £~
B3, 2T~30D MBI B - CHE L F A— TOR &R Uiz, #RE Table 8 & x &bl MEEO/R
TR T & T = P AR Uz, Table 8 (@G BEEEOW L &4 BOBFSE & B
BUEHEO F— % ik Lice & OEOHNOKEIBUILMOMEROBEI AL — i3 2 & - TRMT 5311
(BT OHEIX0.000 & XA TV 5 (Okamoro, 1989), #ilfe 7 — & iAo AL O B ARG A S & LTk
SEHCELRELDTH D, o-GPDHS OFEIEE, H1 /- 7R b0, 6T 5L LT, dth
SEIE, B A— P0G N— PR CE L T Dy L L7 — 7P Tl < i o i
BT HEOTHGERRE LWEL e » T B, 20 EF S — PR TOMRBRIERL, WHERRL -
CTOTHEHER LD THBZ L EREL TV B,

Bo5ET & £

AECH O Ll ook Ry Table 9 K LD TR, TOEIRA B FITPI DO/ N~ 7OHERE:
L LCHL, I, SNl BEERERE2RT, COETEEDRL "HHE T2o00/0—70
ERIS ORI R 5 &, g ci R B b o8 LI mEER & Wy~ U RO RN T
B0, WEBIZES L EMOBEMIK-TH D, BIURRRZBREOILRT 5 & 2 ATk, EREER
FEH IR B HE D BARTERK (Wi, 1974) 2%, EIRT B RBBHARS L 5 2~ 4 it BRI RO
WERGICEFTLEA LT B E0HHEEELSH v, BRI OB L BO LR E LS L0258, 29
LIeiliBE eftbdiA 0 7 n— FOBRIBIc A b D,

BI1H ARSLSHLOME

RAREA B F SOBHROSICBI UG, B2 el X S i BB E L LT FiEE s, EoT A
VA AR E LT, AMBAREN AR SEOREFIBBCE S & il SEHARUESD
TREBHOA 71+ e oC, BERRE & LT g Rofucly, %, Bo&ksei s ko s
WHIL>OTFOLERENA, SoEERORBIL OV TEH LT Lis, SheOR, dibEitiic
A HFLEA D, MBEEEEERE UCHAL 2 250 EA B+ o 220 7 h— 7 OTEHE & BiER
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Group II

vl Group mI

7
¢

v

Group 1
(=Ammodytes
hexapterus)

Fig. 19. Diagrammatic representation of the distribution and population struc-
ture of the sandeel around Japan. Group 1 is A. hexapterus, and both

Groups 11 and I are A. personatus.

T3 Lk, Fok BABNCBIRERESA B+ =20
DEERTHH L EFRH LA, Zhick»T Fig. 19
IREN B L S ICBRBIOA o+ o4 B 5o R
IS L ot

E BT o-GpdhS ORBETHER, EELMEBCKS,
TR D A — 7 F068BIE, B — 73R B
BDCER09LLETH 1o, S OEERIE, MA (1988)
EEEL T B, HELRESABRE 21T - oMk (1988)
SARE (1989) X, A H > TOMEAIE RN E iz
WM — e dbied b ORBENCAELLTV52 &
FIE L72h, «-GPDH 74 V¥ A L2 THEDT
ENHERT B,

Group 1
(Ammodytes

e m— hexupterus)

— Group 11

(A. personatus}
L——- Grof

I ! |

1.0 0.5 )
GENETIC DISTANCE

(A. personatus)

Fig. 20. Dendrogram of genetic relation-
ship of Japanese sandeels arranged
from some available data. Data
source: Oxamoro et al. (1988),
Okamoro (1989) and Kima
(1989).
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LI{L@ﬁ‘[ﬂ)ﬁ(fffJi’)&W‘m (A& &, 1988 ; Oxamoro, 1989 ; KRB, 1989) O {mMlEEEO B K 214
TEHEOH T — 7228 T GREMBIR 2RI &, BIE Fig. 20 0 X 5 e %, BIEMER T Ne
(1972) L THEENRCLOTHD, ZORTEFEZA D+ ZEL S~ A0 5, ZoFE Fig 12
BHARBERELS 3D NDEEE CCHEIREH LESHRE - T5, fof Fig. 12 T, #1
PN— LR T — T CBRICH - C, TR X DB - 7@@LMHT®&®»,Pmmkm
U/~ 7L TN~ TRESCEFE T, TRA6EHET S~ 7RI 2 - T 5 (Fig. 20),
Zhi, REBEOREY R 5 ESEME LS 2OED 5 B 1 L8 7 A — 7S ik S b o
B2 o0WE CHEULMERT O L, 81 BN 27— 7G££ 8o 1 WEHO 2l
ERLICIOTH S,

EXABTHFELNDFTEA DS DEDORR, A hF =D 227 h— THEOBRC I\ TERERIZEOR
Uk 5 %Eitas, Livoserc (1937) edbim (1979) CikBi L+ A E %4 v, NIF (1940), Haranaka and
Oramoro (1950) & L-CIZE (1980) CREMEMOZER L LCHBIS s L 2 A, S8LES UCRERS
O BCTRLEb T 0Lk » Tode, £ ECHEOEBEEEVWIIE (HAS, 1988 ;
Oxamoto, 1989 5 ARy, 1989) WiRELLARIBEAME LB 2 b, 1078 84 05 D BEHIREREY S50
EHEBF ST HOTH S (Oxamoro, 1989 5 A By, 1989) 2%, JREAVIERE: “DIoo, BRIcTis:, 4mRt,
MGG, BRI E R Db H T, e IRV OFLOENRD BT (KH, 1977) g h
Thy, LT LB LSBENERICENLLLEL 6ND, BRFIANF oA H+TRIMETORT
bi%lﬁéﬂé*c-'szm? 1’4>1“5ri’1?f§'££03..5§1f1w<34 EHROMREE, Hﬁ(mdiu, Li)»éa DA BT HMESHE S
MTHD b, BHMERMCENEE R 3hs o &%, BRONBCERL2LRE D 5. 48 "5F
w&‘;v@ijﬁft&i&ﬂ%%w\“/W)rMLL TBRLL - GO B </m 1988) &b T 5, 4k
BIZWHE (5F) THBTAVFA LOGWRBRIG L STtz SR -tod ﬂﬂ-nm@»ﬂffcl’?{@?ﬂ
BRRER LMoL, MLoMREMET 5 LTSS B L2 B, ETRRENEO - &
WETDE, A hF TGRSO ORMBRICH » CHEME S A DA b+ LMl E LT
rswzmwcmgnﬂ,uv D OREEEZ D ENRHRTHS T,

kA h e TR HERIZ SN TEERLTEY, 32050 —TREGSERTGBL00D, 207~ 7 H
T%ﬁxﬁﬁﬂ*ﬂ%ﬂ@#- IFBEE S oo FREDEER (Table 4) THHERENH »72L, HRk2HH (Fig 14)
THBODND T, T, —HEDEEE - D BUHKICIE, @ﬁ@%ﬁﬁ%ﬁmtfu%&%i&
NH, oA EFREROM» B LoRE (1989) 55, A+ TR HAHORK & UTE%
Lic “PiCBoBCl SR AFHIBMNA A O AR E TR S SEBBEEA a0 L 5T

VA LGB L EHTHS S,

B2 AFEFOBERIOSHLAHFIAEIOOTN—T

WML > e DFTD3OD Y h— 7L, EELOLTEE 70— FHEMNICY < b k&L
B L, EEDIEE D e < CEAER A R G S BN LT B, T, B e — SRR LB,
PERBGL Ao BRI A AR IR L C & o 8 B 2 %, U 7 — P H o b e LG R 0N
Elg o T B, NI (1982) 1R TR & o B -CHii 8 SO 405 R o BRI o T3 o ok
M (547 (1A, IB (#7947 SLON)) Kké&dte, TONBFZO>CCHERME L DL
B3 B g oW CEUTIC B, WgERT 5 &,

LA MORBPNEL, FBos R ORE L TR IET 5, RIBEOSMAERICES =y Fo¥ o1
ZXOWECHLGIEK - S/l WIS TED L S, HROLREBLT, BHE L ELH
BEEOTICHE 2, BV RS 7™ 3V,

#5 oy w=In (B4 m/ T
Twar © TREBYHBHRRIC ST 5 HoRBHE R0 s ), HREeHES Mo FEET, Mg 1R
CEERTER RGBT RCAD” WIME AN Ok, 1982)
P i
I HROOMERE AL G » i'ﬁ'ﬁﬁﬁééﬁ”‘%ﬂ
m, R @-0.5) & (x--0.5) o IHC 1 kO M EE Tl Bl F L
TR
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[ B FEED & 5 RN R REEI LS = v F oY A XOPKICHIET 5 oI i ek & 4o
HHOBRE TS B K ELBEREEMET LIS S, BEE, BEECLTRAE -2
W, ZORDICEEORGHINCKR G ORRERET L, ROBNcEAERE MG LT, & 5800
BEREOTICZ AN F— B CEHEE S, BB % < Rvy Toe BBV,
Hoeneenes MBENKEL, FBHHIIRL, o< DEBL, X095 0WH B EEBONR ERIcFL ¥
Sdpe BEIIEIE S P 12IEL,
Llpb, ZORPTAHFAF T ARECEEL LTHBANASRCGBD, 32048 4 ZcBld 2 85Hs R
RL ALV THLHEATELLEINT VS, AW FTHEOI DD TN~ L7514 71T Abd | Blofy
SRINTHERZ DI ENTED, NI A~ FEY 724 71T ALK BIZRd - CHI, B &7
B, ROKES, Bic o Cik, SEOHRL LOEXVERT DLV L %, EARROERIET 7 L —
SICMHWTEAYE GRE, 1966) &858 GRII, 1976b) Cik 1 #E (1 4) €, EBRICIE,
MU E D 1 CEICEMT 20000550, HH S — P C k8o 2 Echs (JRE, 1980),
BRI GEH 20— 7)) CH2BUE (Bo, 1977) Th 5, BERKRTRE 1A, BUD S v~ 7t
BT EEATHBEEZ SN T N VEEC, KMo 28e” dor, 1977) SlE3hT
Wh, O LTHBOEREBHE I >BU>HEN LAY LORELEE T 5,
Toae VE, L ARENE LT my 13 Fig, 17 26— FRWHCH I < U <HFU, TREI>HU>HM
LB, lm HERHEELZOCEBMIBRELBIAVCEELZOREOTHBTARERERE & A
0, TORER e BT <HBI<HME 4 B,
ADFTDI 20T TG LERFROEEE #IRT 5L 510 » o\ & S04 BB
(Table 9) 2BHMEN5, 147 SRS KER GRIEESHECHWT ) TEMREO LB THIRL

FOEROBICHEING GE6 BB £z 5, BB S - TAEB BRI L2 280 s, @
(7N — 7R FtfiBE) OEROLOIEEROINCE B L ORI A il » TSN B vk

Do ZOWWEA B THEMICE R B L0, BOHFCHHETHEN I A— 7 E CRENIER LV S
ZARIDH LT ol iy, B, SO, B 70— FOHIcY 784 7T AT ARG E 2 RIR
LrH el tELLRDS,

EIW RHMB LWOWMBEIHFTIOREE

A HF OB OV TR, RCEARL S P BEEMNLMEL &0 TRLSD » €, BEIATHERN
7o ZAREERE & v 0 RO B A VAR, IR A I & OB IR X B Qv B (B
B, 1989) &L#x bR b, RER CBIL T (1982) HEIREAMI S 2 T B0, SR, Rk
F M E OB CHE T 5 6 @ S oW ChOKE LREHRO L CoBRC, BliNS L st
WEEOEBC R E RN ShSE—MofE v ¢, SHEERNRRLCER <, Lich-» CHBRE M6
LHFAE L L, SEBERE Tl Fi, SEFNICEEARLATE SR L2 %005, ki
DFEDZFITEYHC MU T BHEE S, ORISR E 2R ER & 5 BERA T
SV, BUTFIA A+ SO SHB L RET 50, THRIGEHERFEL LT Sh 0B 2 e BEETH 5,
Pz, LB O RO\ T BVHCA B DDV HE L 55, BEEIMLIHE O KRR U T e
CHILCG AT EY G, 1956), SRlts LCBlED L o Al Lisuy,

SCYLE (1985) 1, FMEBHMOLERSHe & LC, dbiEw, =k, 85, E P L ouiHes
D5 RHMB A RIE LA, ChREEBLCELLSIE, S840 H oM, HERONE
FZOWCTOMBIMER SN Tl IRIET, BMIzE b4 7 SN Ll 2 W hic b o RN
EH o TD, 20T, 4B FTORFERICOVTC, SEOEEE “HHEHR" 0K - RGN Ca D
F TRBEIEREA AT, A DT T ERET A 000MENTFRE LB EE 2 SR DK EHB LT
Pt LT o X 5 eitg4 5,

WMIZN— =% hr

AT L, ARy 2 ERT AL IR TRY, BRBE T/ h+TLBEEL GBI L
ok T a S S R W)

Bas—7
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b W oH oAb BOR O B Y - T -
B R B BEFYA I
b IS R I S S - < STISILTN Bl WS E R
#HOOBRoB ® K O B B b - PRBeE - FHCE T
= e R OBE O BEeeeon HRRIRASERER D & B LR e B R
th WSRO B il B, e e LCARMhBEI R TeT,
itz dh SRR
i F KM BE IR R
% T s # B BRI iR B
B -
il BB RO B e ERRALEER AL, BB & HBRALE
ﬁ}— g‘%& (}2}‘ % ﬁf‘ zﬁ ............ ﬁ} % 3%25 J— .m'
ST - T A R < BRI LIPE, BRELA R
A M de B8ORS BEeeee LR B PE S s & R BIRALIB Iz o) T
Ao B @ R B BB EARIRIAR
WE N REIEE & O BT e BB REEELZERKRE TS
MAERBMRBEAE R O B o FE e B s R ET 5

BRI & BRI RHR I >V TS BB TURIB B To1BIOBERAR & b L, B4 5 Riggo
P & B CHIT Lic’, ZRooBIERy B0 Tl <, B st Ble, BIRDAE LT 5 M
WOBRESSPET DL T, REMELZ DDBESDH D0 LAR

ESE NMLEREOHHBORYILS

B4 BECHARBIOA B+ TOEFEMEZM O Uiz, BROKNBRICERI T+ 54 #4134 &
ERORBERE UCHEELTGAM, KEL £ 5E RATIR &L 6B~ TR, £I5R0MNE,
HHEO B CAHF A2 6 BN O LR ATRT 300 -7 (O Si—FREF 84 hFr =
X 7)) DFEETDHE VI D TH o, RETRI 5 LABROGSA YD & 5 R BETE Uioon
BIGE LD X 5 LT Lishiz o CHERT 5,

E1E HEROLOOEYG

(1) BUYED 350 7 n— 705kt (Fig. 19)

(2} BED IS0 I LR LT DIGEREE (Table 9)

(3) EIEFIHID X DT (Fig. 20) - BEEMEREEE [ ~HI 70— S~ EL, A B+ = B,
M) kT LTy, ERBIZL— M E LY ORE, 1989 WA, 1988)

(8} WRoA B+ WO SRR (Fig. 1)

(5) A B+ TEFAKREECHDFig. 1 264 5 THIE 1M 2R TR BB 6 583 e T
THHL, EEFEECHAONDZ &, FRBERTBEMERLEELELORSD

8y A4 A DRREREESHDMN, FLAHF R EAV L ChD GLafig (1979)

(7} UL, A B B0l Cia IR 5 FY -3 PR Disko Bugt Tkt A. dubius 7+
1A Y e 5 HE TRIEOREDRICERT 5 (Perersen, 1977)
(8) Bkip&BENEORALEE- B B SRR S ERT S0, HEHERIC BT N E

() BT, BARIGPEFRTEI BSOS LT 6 BB TRt f o i, Bk, 8
*6 LEML (1989) BHEHAEOWRCEM UL LT MIHEERE LV oB8BEER LTV 5DTI 2T,
FHE L TERER G,
*7 ERAR (1969) 12 K B, A R YRS IR B OB TA 2 THBOFRER O T — K462, T T3 &
OE (HEFE, s, 1957) 2d 50, RHBEE LCodfiiTbhtuint,
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FAEOBLIABHR ORI (74 2K OBTHRE ShTw5 (5, 1974 ; BE, 1979)
28 HMEEBTWORY IS

BIE AMESFECHER

A K F =, BRI LR B D, AT ARE T % ORI S < o kB 4
NCVBEELDL, LrL3IDOI -~ TRKELGUHLERE LD I EE, 4 HODTIRES 20 2 LT
3ODITN—TOFLRTET LT EEL bR, 2%, AW+ TFRI2D SN — T - T b %
H~pHL, SHEbhAGHRBE -t B2 GRS,

3OO I N TR, BOLOBBE LCEL D ENTES, WAicBI L% < migst:
DIRERNT D (WA, P, 1974 BT B ARICBA S #vks ot Eworeoce, 1971; Buss, 1975: Dia-
monp (MacArruur, 1982 XL V) 25, ENHFHOSLICIZRFEI AR L — BB CRLBADLRA TS
oL ST (B8, 19745 B0k, 19785 Wil - #1E, 1982), B CHoAC L LSkt h+ a0
3D N~ FIXIHE, RIELOMNE, 57, BEOT CEREY A RN &7 UCHS I S Lot %
FroTdo, SOOI ENBA DT Tk A S OBERCRFCBHB IR, 3207/ v— 7k L
FoEEZBIENRERTHS S, BIHHMSLOBERE LTCE, SHA T3 N~ 7N ERFhsda%E
F LTSRN E 2 5h b, Table 9 TE Lok 1z, #1 7~ SRy, 8 01EEROR
BRI, £ UCHBINEERIB &V 5 L 9 i IR 235 5, BED Z 0L 5 S TiEoBRIED %
i, TRERD 7N~ 7O, REEORNE, 51, BECERE IHNIEL T3, 20 L
WAEEE AT, FREOHIETHIL LT ot &, FLTHLEE &k Uit & o Yiko
FREFTSEAL T b R X3,

ks, WABMTHRRILL IR I DO N — T RTCHEDEEER Lichl Cltded, 440+ =04
Bop A EPHHECRE UTRNL Lcildn v C, £fkd LRt okbicsse#Ex 3,

B2l SO E IHORILBIE

A B TEL, BV~ PERENERE N E L EBBANS Y, & IBIS A~ S CRE R
HLv, oz ke Fig. 20 OMENSEH, G, ETHBENGEENEREO X Eh - EBbhbx ¥
AR FAEA D FTOWEER (FFADFT - A DFIRBLEGD) N FAHS BT IN—F) A
B Sl L (ChEREIBNETS), B~ TA B IREBIR2OD I A~ At L (52
B LEZoNB, A DT TORENMEEA»CELBEFZA D+ - A DS BH A D= BT,
BW T N — ZOMEIC S D) BREL, S6REANSEI SN — 7PRELEEEL bRE, 2OLS
208 Lo TESRRAORE 3 D0 F N — TR LI b B2 50 ENEYCHE, D200
R BTG ErAR S VSR A OHERES 10 EE2 B, COVESOEUTIRHERT 5,

BIREFFADFTEA DT TOFTH D, FAWCEBLLLOIRF VA DS T LA D F L
Sl & LT LR b C, B E LCRMEDSSET L B S HIT Uie, TR (1974) iR
TI~ 1055 » THELENBETHA I L L ERANT B, FFA D FLEA D FFWEME LCd
EPFET LTS LM TEL0TC, 7H~1FHEWNOMIZESb Lickd5E, FRETALKRN (75
2T~ 1 7R (B4, 1974)) IWIBERET 5, R4 A4 b+ TR BABCHE R LS LTk b,
IHGDOWENRBEINCEE LCREL LI, A S0 5 L ChsinbEroh s, HAECHEERE
MNEHOREE LTRET 20 20TV ARMOKRTHTH S (K, 1974 5 BREE, 1979) 0T, £ 4+
OIS B O H AR B O KPR S 2RI RO THET LT » e s #2655,

AL AR AHACHM LT3 Fig. 1) A, pakt (1981) 12EWBsfc i U 5 i
WU R PR LR S e T LV B ThE CTHRER LR NSV E LTV B,
Zh G BRI ORANN &Ko) OBz 2 oRE BRI EA, bavEiiiLtror
A L. £ LTZoMokic X 2880 ooiz, JUBE 2R UColikr i Tk e & bk
FEICHNTARTHLE O A>T bDTH B & ERE LI, 40+ HOBAR AT & dhcppe
DT ERE LT oA e Ligwd, BRI LeARBRoBEVW 2 ERB2 L5, 20t
7 BKIADRIO U 2 - e AR (1577 ~7. 2055 bR 2 S A CILB AL L S kAT 5



166 Bk Uy

(a)Term I Ancestral type in Japanese sandeel

(From 72 to 10 thousand © ¢ oo
© 6o

years ago; The glacial
age in the Wurm Age in
Ammodytes
hexapterus

Japan}
(Group I)

(b)Term II
(From 10 to 6 thousand
years ago; Jomon Age)
A

A
A A
AL

7z
VO

hexapterus
5 = (Group I)

Ammodytes
personatus,

personatus

Group III

Fig. 21. The hypothesis of process of speciation in Japanese sandeel.
(a) In Term I, as it had been getting cold ancestral type in Japanese sandeel, which had
habited in the northern waters, went southward along the Pacific coast of Japan Islands
in those days. Then ancestral type separated into A. hexapterus and A. personalus. Accor-
ding to Minato (1967) the shoreline in those days was drawn with broken line.
(b) According to becoming to be warm in Term [1 A. personaius separated into Groups
Il and 1.

kot ntcbFErond, FTOBUICHET UGS “BHERAR LicbkELohd, TANY ALK
Wiz & A%HCCHHEPHR L, SHORRFEORPEBRBGCECRET, ohiTsLdkkk-1e
(Fig. 21-@), &KEBEE IV AZSAD I Y~ T 0 KA #F TEHSLRS 5 Perersen, 1977) 2 &0 5
HxBHE, BLORGLOLHIRET L0 L HEESNS, T LTH PR ERBEERH SR k-1,
A SEOWW B AH SR T B REMER L Y+, BRED TR (SR L ¥
WHEHICE LTV 3) 26 LT CRBHOEN Silfb - Tk EBbh by, ThnBEECHTT5
Lok T, B LCOEROLDICBELLEE LD, BEOXFA D TRERLVGE Vb
Brbms, BIREEAR oA D+ IS LTt 2 6N b, ThbblTFRNC 2Ly,
Db DF FA HF = UCHBANCEITORLE B L2 A THELT ooz, ORI e
bORAT LS 2 k) &, B TRV ZURFERELC, WRICHOKEI & A - R RBRBEY BB L5 &
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EMTED, VLKL E 1 HEWECHE, TOMCHEIHEATSBOX A DL h
SmhtcbEL R 5,

B2 B O v LRI - ok, RIS GEBENRAZ L URBEK AN i U Cll & L8 Sk 1 F~
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Fig. 22. Temporal change in gonosomatic index (GSI), feeding index (FI),
hepatosomatic index (HSI), and gut fat index (GFI).
GSI: 102 X gonad weight (g) / body weight (g), FI : 102 X stomach con-
tents weight (g) / body weight (g), HSI: 102 x liver weight (g) / body
weight (g), GFI: 102 X gut fat weight (g) / body weight (g)
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Fig. 23. Diagramatic representation of the distribution and migration of the sandeel of 63-VC
group (Group II) in Sendai Bay and its neighborhood. Shadow part shows the

estivating area, and the broad arrow denotes migration after spawning.
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figure shows the example of adult sandeel
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Fig. 25. Year-to-year change in catch, effort and CPUE of
sandeel fishing as indicated by records collected
from vessels (lift nets and lamp nets) landing at the
Onagawa Fish Market, Miyagi Pref. ‘r’denotes
correlation coefficient between CPUE and catch
(adult and young).
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Fig. 26. Year-to-year change in number of sandeel landed
at the Onagawa Fish Market (1965~'89), Miyagi
Pref. The open reversal triangle indicates the year
in which the mechanism of breaking out dominant

year class operated.
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Table 11. Ratio of young to adult in number of sandeel.

Onagawa Fish Market Miyagi Pref. Fukushima Pref.
(lift and lamp nets) total*? total
young : adult young : adult young : adult
1965 94: 6
1966 36 : 64
1967 85:15
1968 96 : 4
1969 80 : 20
1970 92: 8
1971 92: 8
1972 7426
1973 91: 9
1974 96 : 4
1975 85:15
1976 87 113
1977 98: 2
1978 98 : 2
1979 90 : 10
1980 99: 1
1981 95: 5
1982 98: 2
1983 97: 3
1984 98: 2 78 : 22 70 : 30%3
1985 98 : 2 90 : 10 70 1 30%¢
1986 99: 1 95: 5 77 1 23*2
1987 98 : 2 98: 2 79 1 21%2
1988 99: 1 88:12 86 : 14*2
1989 100 : 0% 98: 2 96 1 4*2

*1 To be exact 99.7 : 0.03.

*2 Calculated from data at the Meeting of Fisheries Resouces Investigation on Sandeel held at T'ohoku Na-
tional Fisheries Resarch Institute, Shiogama, Miyagi Pref., in 1989.

*3 From Taxevcu and Ese (1985).

*4 From Tarevcur and Ese (1986).
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Fig. 27. Year-to-year change in estimated number of eggs
spawned by adult sandeel. Open reversal triangle
is as the same in Fig. 26.
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Fig. 28. Relationship between the diameter of
ovarian ripe egg and body length of the
sandeel just before spawning caught on
Dec. 30, 1983. Mean egg diameter with a
standard deviation is indicated. Figure
denotes number of eggs measured.
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Fig. 29. Reproductive relation of the sandeel around Oshika Peninsula expressed by
Ricker type regression. E is estimated number of egg spawned from adult in
one year, and R is that from the offspring in the next year.

@: Fishing Term SI (1966-'76), ©: Fishing Term SI (1977-'83), 4:
Fishing Term ST (1984-'89)
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Table 12, Maximum value of R for the reproductive relation by Ricker type regressions of each
Fishing Term in Sendai Bay.

Term Maximum value of R E* R/E
S 3.3x101 1.3x101 2.54
STt 4.2x 101 4.3x10n 0.98
s 5.6X 101 4.8X10t 1.17

* E-value against the maximum value of R
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Felee BRI O LAL B - 1 A T sandeel of Group I from different areas.
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{F}

FECUNDITY

NN B2 LB L N5, Age 1yr 2 yrs
MEBOA B+ TREOHE, PERLL  Length at age* 9.65cm - 12.12
SR EZET 5 2 NS BORHEDOHEL  The Inland Sea* 6, 447 17, 694
FIHR ORI ETH B, Ise Bay* 6,252 12, 697
Sendai Bay (1978) 4,586 11, 836

HeE BESLUORAHE Sendai Bay (1979) 2,952 8, 695
Sendai Bay (1981) 3,288 9, 380

L, il kb RAECHA # 4k Sendai Bay (1982) 4,374 11,840

PAMEEHEE UCHAE IR T3, AR *Data from [rokawa (1977)
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Population Ecology of Japanese Sandeel
Hiroaki Hasumoro

Faculty of Applied Biological Science, Hiroshima University,
Higashi-Hiroshima 724, Japan

A number of subpopulations of sandeels (genus Ammodytes) occur around Japan, each be-
ing relatively independent and undergoing local migration only. At least two species are in-
volved, according to literature sources, Ammodyles hexapterus and A. personatus, which coex-
ist in coastal waters off northern Hokkaido. A. personatus also occur in Sendai Bay, where
the “species” comprises two distinct forms. Because identification of species or lower taxa
of sandeels is difficult from external appearance, it is desirable that the population structure
of Japanese sandeels is made clear. Although sandeels are commercially important, fluctua-
tions in catch are short-spaced and unstable.

The present study was intended mainly to clarify the population structure of sandeels
around Japan. Some factors influencing mechanisms of population fluctuations have also
been investigated.

(1) The history of studies in Japan and foreign on the population structure and the fluc-
tuations of sandeels were outlined. A number of morphorogical and electrophoretic studies
on Japanese sandeels have been reported. In these studies, population analyses have depend-
ed solely on vertebral counts and isozyme patterns. However, Japanese populations have not
been subjected to such studies, resulting in a lack of understanding of their population struc-
ture around the country. Several reports have explaned the tendency of catch of sandeels
and statistically analyzed catch with simple methods.

(2) Sandeel catches in Japan were examined, and three fishing terms were determined
from yearly catch fluctuations. Term I was from 1953 to 1967, when sandeel fisheries had
not been fully developed. The mean annual catch of sandeels reached 76,000 t. During Term
II, from 1968-1976, fisheries developed rapidly as a consequence of expanded fish culture,
and the mean annual catch exceeded 200,000 t. Term HI, from 1977 to the present, has seen
a decline in catches, to a level of about 140,000 t per annum. This seems to have resulted
from overfishing. At the same time, however, sandeel production in Sendai Bay has increas-
ed, owing to the development of new fisheries by boat seines and trawlers. Based on these
developments, the Sendai Bay fishery divided into three terms as follows:

Term S1 (before 1976)ccveeeses Fishing by lamp and lift nets.
Term S (1977~1983):--cvreveees Boat seines entry.
Term SII (after 1984).ccevveeve Trawlers entry.

(3) For population analyses morphological, ecological and genetical studies were carried
out. Five meristic characters for sandeel samples from different areas around Japan were ex-
amined. From the viewpoint of fisheries biology, growth (including life span studies) and
reproduction were also investigated. Genetical studies included electorophoretic analyses of
a-GPDH isozymes. The results revealed that although there are many subpopulations of
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sandeels around Japan, they can be divided roughly into three Groups. It was confirmed
that Group 1, that is A. hexaplerus, is found off northern Hokkaido, and that Groups I and
I, both belonging to A. personatus, coexist in Sendai Bay and off Tottori Prefecture, to the
Sea of Japan. The relative growth rate (k) and fecundity was lowest in Group I and
heighest in Group I, while the life span of Groups I and II was 6 years, considerably
lenger than that of Group II. The age at first spawning was youngest in Group I, and
oldest in Group I. Clearly a major ecological difference among the groups, particularly bet-
ween 1 and I, lie in their lifespan/fecundity level characterstics.

(4) An hypothesis regarding speciation in Japanese sandeels is as follows.

During the glacial period of Wurm Age in Japan, the Japanese sandeel ancestral type
which inhabited northern waters, moved southward along the Pacific coast to the Japan
region, evolving into A. hexapferus and A. personalus. Since the Sea of Japan at the time
was an inland sea, sandeels did not seem to have been able to enter that region.

From 10 to 6 thousand years ago, temperatures increased. A. personatus distributed
around Northern Japan took on the characterstics of Group II, and those around Southern
Japan, Group II.

(5) Developmental stages and yearly cycle of Group Il sandeels in Sendai Bay were
described.

Egg, volk sac, larval, juvenile, young, preadult and adult stages were identified. Spawn-
ing adults were found only one year after birth.

The yearly cycle can be divided into three seasons, viz. spawning season during
Dec.~Jan., feeding season during Feb.-July, and estivating season during Aug.-Nov. The
estivating season, which is peculiar to sandeels, has the adaptive significance of concen-
trating spawning to the period following immediately thereafter.

(6) With new fishing technology, as described above, pressure on the sandeel resource in
Sendai Bay has increased greatly. Accordingly, fluctuations in the resource of Group II
sandeels in Sendai Bay was analyzed. The resource was seen to have a 3-year cycle of abun-
dance. Analyses of fishery statistics, showing the reproductive relationship expressed by
Ricker type regression of fishing Terms SI, SII and SIII mentioned are give in text Fig. 29.
Due to the recent flowing southward to Sendai Bay of the first Oyashio Intrusion, the carry-
ing capacity for sandeels has changed greatly. As a result, sandeel catches have increased.
However, in spite of good habitat conditions for sandeels, the reproductive relationship has
been worsening, and the resource has apparently declined. This appears to be the result of
continual over-fishing. Dominant yearclasses peaked in 1978 and 1987 but did not represent
a cyclic situation. Therefore it is possible that the reproductive system of the sandeel popula-
tion has been changing. It is desirable to establish a management program which identifys
the optimum level of fishing effort, based on reproductive fluctuations of the fish.





