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Seasonal Change of the Size Distribution and Generation
Length of the Chaetognath Sagitta elegans in the Japan Sea:
Arctic Characteristics at a Temperate Latitude™ **

Shirou NisHiHAMA' and Kazumasa HIRaKAWA®'

Abstract

Analysis of the size frequency distributions of Sagitta elegans from Yamato Tai in the central
Japan Sea during 1993 to 1995, shows that the arrow worm has a life span of two years. The
population consists of two groups breeding in different years. Spring juveniles [Stage I, body length
(B. L.) 4-20mm] mostly grow to Stage II individuals (B. L. 30 mm) by the following spring (1
year old). S. elegans seems to mature and reproduce (Stage III, B. L. 26-40mm) during the spring
of the second year after hatching. Compared with populations in other waters of the world,
specimens from the central Japan Sea have a longer life span and a larger maturity size. Such
characteristics are similar to arctic populations, and this is considered to be caused by the low
temperature ( < 5°C) of the Proper Water of the Japan Sea. We estimated the mean water
temperature at which S. elegans grew as 0.8° C.
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X X L ¥ (Sagitta elegans VERRILL, 1873) 1%, BrdbMiE B X OB 2 %Kk < oA §
LKW BHNEN TS > 7~ 2 Th A (AvariNo 1965 ; Bierr 1959 ; PiErroT-BuLTs and NAIR
1991). HATHETIE, AHIZALHARORED SMEIIP T UL OHLTEY, ZOKRE -
MEA /N — 2 REDETEIZE T AWF%EA 7 5 (RIE 1974 5 Korort 1975 ; KoTorl and
Koavastl 1979 ; Terazaki and Marumo 1979 5 Terazaki 1993 5 PEi&E 5 1995).

AMEDOAGGEICE L TE, 33— v 23R4k KM TS < OfF7E (6 2 1dRusseLL 1932 5
SamEoTO 1971 5 TisELIus and PETERSON 1986 ; CoNnway and WiLLIAMS 1986 ; PEARRE 19917 &) A%
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TORTETVDEZOIIH LT, RIFELESCIEAEFTRICET 2 EE0LMRIED R,
TerAZAKI(1993) 12 & > THEINBIZ BT 5 HEN SN TV LT EL V., INLOHEBLIUNE
(1979) & Pearre (1991) O L UE, F 4V A L OBMKE, Hdr, FRIIAKL &5, #
Ik > TERZIENHMON TS, BIZIE, B FFIBE DK Y VBT, FHarid24E
(H-HIHAC$0120.5) TH A A (DunBer 1962), KEFEIZB T 2 50 AARBEMA T TlE, Hanid3 » A
Mo 75 AT, HE£MIZ2H5 5 32D B (B2 IESameoto 1971 5 Zo 1973 ; Conway and WILLIAMS
1986 72 &), ORI AERKIRICEBRL TWE EEZ LN, EAKRITIERE - AR R
O, B b, L72h > T, JakosseN (1971) R/NE (1979) A FRHE L 72 & 9 12, RHEE R
WlZ EFEaAYE <, FERMCE (B B \VIZEEI ) 3T A L EZ OND.

AW TlE, HARMEERRER B KIS BT AV 4 VHEOAERFE 2 R T 5720, ARk
TRHEERWMUEE LF YLD (HES 1995) DR & Z DT BT L 72455,
P e SR BIZ ] SN T A ENTEZDT, WETH.

RN, TEREIG 720 7 AR XK ENIFE AT R0 — A RS R, JE BALH
L EiF5%.

ME & F &

;7T s b, ARMBXOKEREFTOREMN [AFIEA] (156 b )2k > THRES
7z, FAAEEEE, 1993458 H L 10H, 199444 H, 8 H, 10H, BXU1995%44 H, 6 H,
8H, 100D 9 TdhAH. M AHHEAKD 9% 5 (Fig. 1) T, [11%45cm, H40.33m? /
NSy 74y bxHIWT, BEREZMDT, KE0mAH DFFER X125 > TIT- 72 (Table 1).
RE B TIIRAE & AR L2, CTDIZ & 2 7KIE1000m T TO MR 21T - 72, S oM E 2
DVTIE, TTICHES (1995) 12 & » THEF SN TV 5,

FE L7 2 TV ETI10% 7 + Vv~ ) ik TlElE L, FELOMREE IS )R- TEHR
1o 7. REDI0mLL EOY 4 JHIZARTT N TH VL, 10m ORI oW T,
FoTNETANTFLITT o v RRERTL/ 255 1/32125% LT, FERBEMSE FT%
BIL7:, BoNY A VL NVICHEEL, ¥V LA LICOWTIERAEOH G & RKED
M5 %47 - 72, BAEOHIHIE20(1973) DV - fifHH 0t > T, KD 3 DDOFEHFERIZIX
L7, JIEDREC 6N WK% Stage T, 5iEE FOIIREIE D 5 25T H 7z
VAR % Stage 1T, BRFABRAT 1 D LU ERD 5N 5 Bk % Stage Il & L 72, KRR IZSEE O J6 0 2
SREEERRORBOLmETE L, FREMEET TO.1mE TitaA L b, REHES A%
VERL L 7. BS540 [ O KT 12 IEPROGEAN Ver.4.0 (3% « i 1994) % vy, %I TU4E
G BB AN R L7z

& g

KRB BT AT CEBDOF ¥ Y L ONA%E KRR o) %, Fig. 2I2RLTH
L. FEBEOEBROFMEERNL 2012, 1993413 2 FEDO LB TH 5 7> & MANN-WHITNEYIR E
ATV, 19944F & 19954E 13 % BE D JLER 12 7 A O TKRUSKAL-WALLISHR % % 17 - 72, 19934 & 1994
HEIZOVTIRFEHBOAEBRIZED SN WA (P 0.1), 199540 4 HA» 5103 I35 A% EH
ZLCRA LT LA H A (PC0.005). LaL, FAEMEEoKAdKEO X 7Y 420
SATEREL, 199348 H L 10H, KU19954ED 4 H & 6 HIC1LOEME/ ol & b &l 2 /R4 A
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Fig. 1. Location of the study area (Yamato Tai) and positions of the sampling stations.

Table 1. Date and sampling stations surveyed at Yamato Tai.

Date Sampling stations
1993 20-22 August Pl -P9
1993 2-3 October P1-P9
1994 20-21 April P1-P9
1994 23-25 August P1-P9
1994 8-10 October P1-P9
1995 25 April P1,P2,P5-P9
1995 16 June P2,P4 -P6,P8
1995 25-30 August P1-P9
1995 27-28 October P1-P9

bdHo72h, EREHMEZELT, LOEAE/ dTFToEZ2RLAEEED, £6092.4% (794 ~
TIHRT3H » FN) 2o, &% 2 FTIVOFEHHEIZOSHEE/ i TH-7-0T, ZEHd i
BHEELTWEESER L.

19934E 8 HH*51995FE10F T TOF ¥ ¥ A L OEKEMBK %, Fig. 3IKR L7, 19934 8 A
E10H121E, 32-33m&19-20miZE— A2 FD 2 DDHA X7V — TGO LN L, AiE LA
B, BEEBELT L. ABEIIRMI L Stage I, BEEIIStage I DIETIZLE AL EDOLNT
W7z, 199448 4 A3 10mA R OMEESSHEEHL, CA NI AE 50D TN —=TIIFITA T &
WTET. BDOEA T Stage I DEAKIF26m L EICHIRL, 3dmBICE—FE2322I 60
BARIE, ABEDSSB L7 DEER BNDL, FARKIZ, 26-28milE— FDH SStage I A5 5
TV —TFIIBEELEEINS. KD 3OOV —TIE, & TRERDStage I 22 S5 ENT
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Fig. 2. Seasonal change of the density of Sagitta elegans (individuals per mi) at Yamato Tai. Each point
represents the density for a station.

BY, ABDPOEHNSNZI0UEOTHHBEERLEZONSL, ThH%£4C1, C2, C3 &
T5.

19944F 8 AiCid, BEEED S 2 5 AREIHEK L, BEOE— FiZ30miZ#E L7z, 16-18mi2
E-FPHDT7NV—TIL, MM 3OOBIHTHI LS TELD, BEOEL)IKE o
72DT, TNECLIHDLLCINFELFEFoBbDEEZT, IhECHEE LA FEEIOFICE, ©
AN AELDBHBER 2ERICRD, T FEZENFR2mDO o8 AL 7 (BEE © 32-33m,
CEE : 18-20mm).

19954E 4 AIIXATED 4 IR, HfkoStage I 55 Bk DStagell T THRIE L, HEHK
13RI 2R L7z, BEEOE— FI1336-38mml2, % L CCEEIZ28-30miZEZE L TH Y, 30mll k
IZStage MM DFEEATHBLL Tz, D1 £D213&TStage ] DIPETH o722 &ho, EEF
TIBEPSEFNHHBERLEZOND. 6 HICEIBEHEELL, D1 D2 F 208
THETHo72h%, #id AR TE RS ho/zDT, ZN%EDEE L. 8HELI0ADE
AN T LD, 19934 B L TI9UGFED8 A LI0HDZENL LML 2RI 2, £—
FOALE D IFIT—FH LT,

Db, REBIURBEMUROFHNER? S, FHOBEELHATHERTILDL L,
ROEHIHhD., TbbABIZI02MEICSAEL, TID194FED 4 HFE TICHE - AL T
CHEZPEM L, FARICBEEATIIEICHAEL, 1995FEEF I TIDHLERLZEEZORS
(Fig. 4). L7225 TAHMABICAEBT2F ¥ YL 21E, EFICREL, 1HEROESIH
24, BAKRIZ26-40mTHY), 1ERXRTEMT L2 O000MHD 7V —T0ob I LIlk5.
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Fig. 3. Seasonal change of the size distribution of Sagitta elegans at Yamato Tai. White areas; stage I,
hatched areas; Stage II, black areas; Stage III. Specimens for all stations are combined for each
sampling period (see Table 1). Curves were fitted by cohort analysis using PROGEAN Ver. 4.0
(Tsursumr and TANAKA 1994).
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Fig. 4. Schematic diagram of the growth and reproductive cycles of Sagitta elegans at Yamato Tali,
central Japan Sea. Curves were drawn by tracing the major mode of each year class. Arrows
indicate that group A produced group C and group B produced group D.

Z =

YAVHREDEMM TS V7 N OMAVBITICB W TIE, EWENICRIEO R HIRES
LTWABWRERICEE L 2T UE %R 6%, #l21E, RusseLL(1932) iZEnglish Channel® ¥ ¥
YAVIIFER 4 T35 H 5 & LTWABEA, JokoBseN(1971) A3F8H L 72 & 9 12,
English Channel® & 9 %, RKLOFHWBEN LIRS VBEE RS TIE, ERORZ 2EE
BEPARAELT, R2U0ZHERHECHAYI MR T, AFEHOMEIIRECLL. T
DUNBER (1962) &, #5E D 5@\ s CIERBUER IR o 72 R O5 N B 2 &b, /INEMEER
A EIIN TR T A2 REMZGR LTV 5.

TEIES (1995) 12 & 5 &, KRAHEKIBIIFENISE K EBRIRET 2HEETH 505, DR
ERBIIERI»SH200mETICEOLN, FFITVLIUDPFETALTVELLEEZLND
200-500m (FGi&) *12iE R iE v, T2, FIY LY OEDALTH 5 EBRKOTENIHIG 2 D
DTHY (FF 1993), HHEMTRELBIEADND S LITFEZIT W, Lo TARIE TR
o 72 EHE, REZERMBICHEBMNHE 2 BERPLBEONTZ D EERXTIVWTHS ). #HEH
B O EEDEE DN E o722k, 8ABIUIOAIIEIT S 3EMOERAMBICHEE %
MEDSBOON BN LS, TOZEETFFLTNAD.

JRFEHEICBITEF 5V L OEFEOMEDS, REERERIIE—ERORIHELSZD,
EMEAES M 5 L EbNTEL W21, Jakossen 1971). ThF CTICHwEIN TS
FEX LY OEMBAKEBEARREOFNS, EENGT — I PBBINTNDL DT,
ARIZHIZE LT A7z (Table 2). Conway and WiLLiams (1986) & ARAFZe D4 B % i, ERERE

TRFEFRATH
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Table 2. Geographical comparison of the number of generations and maturity size of Sagitta elegans

in various waters of the northern hemisphere.

Number of

Locality Latitude Gcnqations Si\z/lsn(ﬁ%> Reference
per yr.

ARCTIC WATERS

Hudson Bay 65° N 0.5 20 - 40 Dunser (1962)
NORTHEASTERN ATLANTIC

Oslofjorden 60° N 1 18 -30 JakosseN (1971)

Gullmarsfjorden 58" N 1 15-31 RESLAND (1985)

Irish Sea 54" N 1 12 - 24 ALVAREN-CADENA  (1993)

Celtic Sea 51°30" N 3 10-20 Conway and WILLIaMs (1986)
NORTHWESTERN ATLANTIC

Saint Margaret’ s Bay 44730 N 2 13-30 SAMEOTO (1971)

Bedford Basin 44°30° N 2 18- 30 Zo (1973)

Long Island Sound 41°N 2 13-22 TiseLivs and PETERSON  (1986)
NORTHEASTERN PACIFIC

Dabob Bay 47°45" N 2 17 -30 King (1979)
JAPAN SEA

Toyama Bay 37" N 2 26 - 36 TrrAZAKI (1993)

Yamato Tai 39° N 0.5 26 - 41 This study

R EREIRE DV NRML L, LA ED T 2 A EAMA 2. 4. Conway and WiLLiams (1986) @
P22 R IR T 1351°30" NTH Y, FYYLLOG5MPSH AL, JLBEAMERTORERIC
YW (ALvARINO 1965 ; PizrroT-BuLts and Nalr 1991). L 7:7A%- TI O #EEICRALE, ooy
A7 54 128 CidEr L5289,

AIFETIE, H 4\‘(@119%%'/”*”%7]0&0)# X LE, 1A 2 £ (FEHIRER0.5), W
AR ED26-40mm & HEE SN 7HY, ZHUEDUNBER(1962) A HE L TWw AN B 2 iE(65° N) T
DOFNIESEL L T A (Table 2). KHIMEKIBIZALAES9-40" 1SWEL, ¥ 7 V4L O5MEIR
(35°- 40° N) 29w (Biri 1959 ; ALvARNO 1965 ; Pierror-Burts and Nair 1991), L7245 C,
BEZ b EZ A% 01E, £l 2 AL EoMR BN TR S A, EEIZ, ORBETOR
B (37" NJISHBWTIE, ARIZER 2 1, BAKRRE26-36mz R T I EARE S Tn5
(TERAZAKI 1993) L L s, ABAFETH STk - - Bdianld, ANFMKEOF & v L4
A3l MRS IE L & R ), p i B L B IR B L TV Tk
RLTWAh

bW & AFHEARIOF & Y L4 BT A8RESLEMEE LTI, BKRPIEZONS.
DUNBER (1962) 25# A8 % 17 o 72 Tl HADER & i(Lf: 7-8HATE 2, REKRIZIZEA
EOMETSTCUTITTHY, 50 100mLLZE TR A T2 % A (DunBer  1958) . AFIEKIE T
F ¥ X LT OEBKEL, FEOA4iETH 5200-500miz T%ﬂ\(ﬁ’n‘ﬂlﬁ‘biﬂ\é& HE0.5-
5CTH % <nﬁb1%m.kmﬁﬁﬁﬁzf VY3 NN R i N N o % (R AP
(16-17CHICHN B 2 L b H A 25 (WHE) " AEM 2B U CORMED A Bilid H AW E A K (T
(1.0C, S : 34.0-34.1PSU) TH b L Vo T L. O L) UKBEREIZAERT 2720, K

SRR R
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DOEEFREILEL R, MROBSP2FIIBIREERZLNS.

BRI AT F ¥ ’V-Lx ORI KREGBEY S LI E R ERHICH S NI L0,
Sameoto (1971) THh 5. 113 71 F ¥ A D Saint Margaret's Bay 238 C,  FEA0 2 M AR BE SR AT %
J\f‘ K ARG NT 2 =5 LKROMB AL L2, 2o, difEE 1o

3T) & MR B SR 5 FH IR (TC) X O %R, hXEH TV,
GT=611.51/T""

KA BT AR (T30H) 2 ZoRUAT A L, KBOITHELNS. :ﬂ (T RANED
KIE250-400m TREERE N A KM TH ) (FE)", ¥y VL 0EFTMHEI T 5.
TErAZAKI(1993) &, BEIUEDF ¥ ¥ 4 > OHALRE (300-365H) # Z Ot A LTELLL'; L7219
2.3COKIRAS, BIEDKZE250-300m TRFEHIM SN AHETH 5 LR TWv 5. SavRoTO
(1971) oL, %(ﬁfj@bf T TH Y ZTL%TL@(ﬁﬂi@%W W T & 2 e
LLnzw, LaLiers, RREARETH 2 /)@%157! Jzxf L 224 7 i (A o 2ol L
T OB EH S hf‘\_ EMG, FETLLOMMNEL AL J(‘(uuk DR A RN L Tw
(LT REE L THHATE2THA .
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