AKBr#Re, (45) @ 47-58, 1995.
Bull. Japan Sea Natl. Fish. Res. Inst., (45) : 47-58, 1995.
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Seasonal Variations in Abundance and Species Composition of
Chaetognaths at Yamato Tai, Central Japan Sea

Shirou NISHIHAMAY, Naoki IGUCHIY and Kazumasa HIRAKAWAY

Abstract

Abundance and species composition of pelagic chaetognaths at the Yamato Tai,
central Japan Sea, were investigated based on samples obtained by vertical hauls with a
NORPAC net (0.33mm mesh size) in spring to autumn. A total of 10 species identified
were classified into three groups by the water types in wihch they inhabit: cold water
species, mixed water/neritic species, and warm water species. Total chaetognath density
became higher at the southwest stations in late summer and autumn than at the northeast
stations in spring. This increase was due to the immigration of both mixed water/neritic
and warm water species, in conjunction with the southwest warm water mass which
originated from the Tsushima current. Contrastingly, the cold water species, Sagitta
elegans, appeared consistently from spring to autumn. Therefore, we conclude that the
chaetognath assemblage in this study area is composed of a year-round resident and
seasonal migrants.

Key words : Chaetognatha, density, oceanographic condition, seasonal variation, species
composition.

&

YA HIBEOEHH TS v 2 b vhT, AT ESELRCSEEBCBEL, BEoED B
WITEEREDS, BEOKBICHIE L THMT B0, KMOBEL L THSHLEAIATEL
(&4 1958, 1959 ; BIERI 1959 ; ALVARINO 1965 ; MATSUZAKI 1975). % /e o R¥W# O
e, 2 AT ESPHFROBRE L L TEER IR TS (e.g. FEIGENBAUM 1991). T h
Wz, v aEOBHEBSCRERINS MY, ToOEROMEMREL RT3 &R, BE
DEXEYAERBICRCTEEAREZH O LELORS. HARBIEVTL, KETHE
WSS EGOERBEHPEEEBEOBHREORK, B 75 v 7 b vEENTbh, Y4 H
O HER AR, B oA BT 2 ME S\ 02 H B CRIA 1974 ; KOTORI

i

199542 1 6 H¥H  HBAREXOKEMERINERALLTS
VTF951 FEWTHAKENT 1 T H 5939-22  H AU KEERFFERT
(Japan Sea National Fisheries Research Institute, Suido-cho, Niigata 951, Japan)
R RETHIERREW G SHESE THEWRAE T — 207/ e - v=y v 271 E HARBRIEEH
BT BH%E] D—RE LT - fe.
2 ARPRO—IRL, B 64 3 A ARERES I EASTREL .
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and KOBAYASHI 1979 ; TERAZAKI 1993a,b). RIH(97HX100m EOKEBE S Mnb, BRI Y

3OO (ERE, B&E, WEEBRED ST, FEEHCKT v s HoHBHE - &
MBEFZOWTRRTWS., ZThic ks s, KT LR - TEBEOHBSE R -
TRD, FLFEHCI->THIEFELVHELDD V5. BEORENE, RERichz o THEX
NICEERSOTED S, KRR CEE oD, iz — v REHROZE(LD 7 -
AL E TR,

AT, BARBHPRIMRAFHEAKIRIC R TS, v o HoMBE L EBHROEHEHOIL
BE, ThboRZERMWZELOBEROBHY B E L, FfblfEftt 2 EH L ek o %,
FEBO MBI L BIOKR - 5 & oB#EM I OWT, BEEYT->ERYHET 5.

WEwEILY, TEREOY Y L bl HARBRKEREH/ NI ZEEFERERR, REXE
BRI WIS THEBRBM R E R, L XY EHT 5.

ME e B &

KAIHE X H A O FpaRE, dbA&39°20" B RE135" & rhlie, PERSPE 2> & BALEIZ 2313 TH#9230kmi
bico TED - Twb, SoKER, RIEAITD DS X UL, dbodkl &5t B iR
DOEEKB & ORAKIRIC Y7y, FEICL W FBRILZE L AL T S, ZoKiBik\ T, 1987
FLIRE, 1988FXER\THHE 1 ~ 28, HAREXKEHFEAMOFMEMATIEHAS6 L KX 5,
75 v vIEENE IR TV A, BEMBEEG DLOKAV LT TER SR, £
FRIFKRD-DTbI T, KT, 1990F LD 6 M OEREFE (Table 1) ©5
To v AR LT

BT v vORER, Fig 1IRLALIESLSTE 1R, BREZMHT, /43y 7%y
b (Af%45cm, BAV0.33mm) 2Ly, KES00m 2B OSER XL - TiTo7%. =LK
Z500m LR D E STk, ATRERIR » WBIKE L) SRER T - 1 (E&L PS5 0-300m, &5 P9 ;
0-400m % 7-1%0-450m). ¥ fc@ERC & 5S¢, CTD 12 & 5 ¥ HEBIRIZ T4~ (0-1000m, 1000m LA
BOESTHEEEELS), KR « EoOHE 7 r 7 7 A A 2IER L. BES I, i ET10%
DT 4 =) VERCTREE LK, BEOMERCREDR > CGEIZIT-7c. KElov
Ay (FEImMm U E) &, £y v 7 ArbRETHT, BHYE 7+ 1928 TF5v 07 F iy
EBT, 29D 1 058501 RHEI L. Chby Ty ISroding, Nov B2
RSEAEME T TEA L. v 7 A RBEERLHE LCE, TXToBGEREE R L.
ek, H AT i EMoBHREICOWTh, RUHETENRZT, Bt cBER>H
E L.

Table 1. Date and sampling stations survey-
ed at the Yamato Tai.

Date Sampling station
1990 9-10 May P1-P9
1991  6- 7 October P1-P9
1992 23-24 July P1-P5, P8, P9

1993 20-22 August P1-P9
1993  2- 3 October P1-P9
1994 20-21 April P1-P9
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Fig. 1. Location of the study area and positions of the sampling stations.

1 BEEE

KAHEKIR O WG HEREE O FHAL 2B T 5701, 1993458 L 108 K UN1994F4H », H
FE R OBEIL D KR « A SAEKEN % Fig. 21, % 7:100m iz k1 5 KB 0 KFE45 4% Fig.
41iRT. #9944 8) iy, &S TERBOKRIEL (K10C), 50m LR DREEZED
NSV L LERBOS AR RS &, 50m DIEORE R, EHOERPL EHEO P8, P9 T
<, dE#o P3, P4 TEL. F7:50m Do 51%, Pl PI, RUOEHOERTRREL -
Tz (PSU>34.1). - TZ DR, KFHEOVEER & T IIR BIRIRR O LR 2\ KA
B, KAHEHRIFITEILCHE KBS H L T &E 2 bR b, 100m EOSRE O EFTIRE
235 (Fig. 1), ER P2 & PYALICEIERH5 b0 LHAIh 5.

B (19938 B) CiEMEBoRE M, XEO-30m) ¥ EmREES (=15C, PSUL
34. DO EBWIRKNE L, £O FIEES (5-15C, PSU>34. 1) Ot EEEH B KA 54
LC\wie. WEERPEAL, B (P6, P XROWER (P1, P2) THE < (BREE30-150m),
Bz T B EEL 7o Tvic BREE40-60m). #K (19934E10 ) WX FHERE A X b BB
72, SAEBHEPBAE, TESIm b e LT, Bk O b RS Rz T TH
L, FOHMBAIIZE LD HRR/NI L Ioo T, % 72100m DO KE 47 T4 - s i (Fig.
4 2R, BT ARHRIENES PRE PULEICED Oh, KL P MR H-7cFE 2D
ha. DEoZ &nb, b0 KE8 ALY BI0AK, IIVBEETHML TV EHEX
na. KRR TD DL 5 gt & —viL, BEOFEER (1989-1990FD 8-9 A)
CAHME IR TR Y (BEKERFERR Y 2 — 1992), AEO—BEm EE L LR S.
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Fig. 2. Vertical water temperature (upper) and salinity (lower) profiles.
Hatched areas indicate high salinity waters (PSU >34.1).
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Sampling year and number of
samples are shown in the figure.
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2 TS0 b ORBEE CEHEROFHEL

Fig. 31, KFMEOKEBLL BT 2EEYM 77 v 7 + vOBEERY, BEECTRT. BEE
3, FA—ORERBRTS, HSILX > T3NS EDERNE -, EibKichl
VI BEAY, BEEY S - RO LI (—LEES ST, P<0.05). FBERKIEI
T, FEEWBROER LT (Table2). EOFFHOV v 7 ATh, » 47 HNFEHHECHE
1% o, RCTHHE v 2o 8427 s AREHEH. cohTRAKS S v 2
P, W, YA, ROZOMIZE TR BTFHELRETH Y, v & BHITKFAHED
BT o7 b omT, HESEYME L TARIRESEEDTWBET ENGNnD

3 VYLUEOHRERUEHEROFHZEL

ey avBobBlEy, BERIORERICHST, RERIR & E T L TR
Table 3 4L % &, YA HOBEEIX4-THI DL 8-10FEEL, %1, ©AP1, P6, P7
Ko P2 T&E<, P3, P4 CRWEAMZEZD O D. COEROEEMEEET 2D, 5
OWRAT - Ikl R A Table 4 1”3, kL, 1992460 7 A5 — 2%, REMECGE S P6, PT)
DB DD SEULEERERIRE - @A ER LD, YA HOMBIRE R, #F
I L EISKICEL, FEARoEL@l, P2, P6, POTIhEWEERI N

—, &% & HEOBER I OWTAS E(Table 5), 19944 4 A AMih D RF I b~ CTEAME
WO, EERMICETEEREAIY VGRS ERTE v, BEOBE LRFL, BEE
oW T S GO %7 -7 (Table 6). BEDE A L Rich, EEMCTAELIBHTE R
Motedy, BHERPOBTRAEEREI EH Ik, XL ohid, 19944F 4 B oRENIZEL <
EotedThh, ZORHOT -2 %K< L, RENPORIEREZIRDOhinn -7
(P>0.25). #- T, &% 2 yHOWERICIEABOZE R0, 19944 4 A2 MMORSAL b
P EMr oI ET 2 5.

IDXoK, ErvavHolBlEr KT 5L %, BELEBER L CTRRRLIERIENR
HZ licich. Table 3 & Table 5075 —anbh, BELBEEOHBEZIEL -2, WED
RICHBIRE R IE R 78 Te o 72 (r=—0.05, N=52, ns.). Zhik, HEEORITERYRsY
A RERB DD EHEIND. 2% b, KA (EE) GELDRVCBERD KL LD,
fin 5/ NEVEE () BB THELPEEREIVNI VDI, oL RBERVELCKREELZLR
5. BBt oFEFEORAKGEY KT &, Sagitta elegans T39mm, S. nagae T18mm, %
7= S, minima T 9mm THH. LUFEDZ b, YavEoBBE BT, BEXYH
LORARPRO A EY &% 2, DETIEEDT — 2 2T, Exf » FEHkcozFf
e SRR 217 5.

TERAZAKI (1993b) 1%, AEX#EL S 3BITHO V¥ A vHERE LT 52, AT, <h
EEND 2BIE R I M. Zh 5108 % BiER! (1959), ALVARINO (1965), SRIA(1967)
KO A8 R BB LT, AKERE, PR /BEKENERE BAMED 3 ET
L7 (Table 7). WHEOW, HBHEENE S HEEES 2\ 4 DX, Sagitta elegans, S. nagae,
B LS. minima D 3IETH 5. S. elegans (TBRIVEE A AT HEKET, %o 21
BEREAKRPEEGKRORBICHHT S EINE. ZTALIKKTES L Bbhi0 RNEBEKS O
ERETHB S enflata THDH. BhHDOFDOWNT, S. regularis, S. pacifica }o 8 Plerosagitta
draco EEIKMOBERE L X h, o 3L TEKBICHE T 288 ERT.
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Table 3. Monthly variations in the density of total chaetognaths sam-
pled at each station (/m?).

P1 p6 P7 P2 P5 P9 P8 P4 P3

Apr. 1994 | 0.8 0.4 0.2 0.5 0.5 0.3 0.2 0.5 0.1
May 1990 2.3 4.7 2.1 1.6 25 1.3 0.8 1.7 1.8
July 1992 | 1.2 — — 2.5 35 20 1.7 1.2 0.7
Aug. 1993| 8.3 5.9 7.5 9.1 5.1 4.7 4.3 2.7 4.1
Oct. 1991 ] 8.1 9.4 6.2 3.2 35 6.9 74 2.9 3.2
Oct. 11.2 13.4 2.9 2.7 16 3.2 0.5

1993 L19.6 11.4

Table 4. Two-way ANOVA of the densities of chaeto-
gnaths. Data for July 1992 are omitted because

of missing values. *: P<0.05. **: P<0.01.
Source of Variation SS df MS F-ratio
Total 752.4 44
Sampling Stations 169.7 8 21.2 2.4*
Sampling Months 300.2 4 75.1 8.5**
Error 282.5 32 8.8

Table 5. Monthly variations in the wet weight of total chaetognaths
(mg/m?®) at each station.

Pl P6 P7 P2 P5 P9 P8 P4 P3
Apr. 1994 7.1 4.0 4.1 6.8 12.2 3.8 6.3 7.9 4.2
May 1990 | 20.2 27.3 10.1 14.3 19.9 16.4 34.9 7.4 8.7
July 1992 | 12.4 — — 13.4 57.5 26.6 56.2 18.7 14.4
Aug. 1993 115.2 8.0 13.0 8.7 7.1 11.7 27.0 12.7 32.2
Oct. 1991 8.0 13.5 15.7 15.3 14.3 4.7 26.5 18.0 14.2
Oct. 1993 L12.4 8.4 11.0 14.6 6.8 36.3 15.5 12.8 7.0

Table 6. Two-way ANOVA of the wet weights of
chaetognaths. Data for July 1992 are omitted

because of missing values. *: P <0.05.
Source of Variation SS df MS F-ratio
Total 2471.7 44
Sampling Stations 458.7 8 57.3 1.4 NS
Sampling Months 664.7 4 166.2 3.9*
Error 1348.3 32 42.1
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RBERHEAKZWFE AR (S elegans, S. nagae, S. minima, S. enflata) O, KFHETOHH
RS L R Y, EEEICHEBI L TR B (Table 7). 4 A1994) & 5 B 199001213, &kiEfED
S. elegans DEEDICG L EH HEDT B8, 7 A (1992) 12i364% A L, Fiz 8 A(1993)

Table 7. Species composition of chaetognaths occurred around Yamato Tai. Values are number
of individuals per 10m?®. The relative proportion of each species to total individuals are
in parethses.

Apr. 1994  May 1990  July 1992  Aug. 1993  Oct. 1991 Oct. 1993
O Sagitta elegans 4.2(96.6) 20.6098.6) 11.6(64.1) 5.7C 9.9 5.009.2) 4.8( 6.4)

O S. nagae 6.3(34.8) 37.6(65.5) 19.4(35.5) 31.1(41.8)
O S. minima 0.1 2.3 0.3C1.4) 0.2C1.1) 12.9(22.5) 21.9(40.1) 34.3(46.1)
@ S. enflata 0.3C 0.5 7.4(13.6) 0.7C 1.0)
@ S. regularis 0.1C 0.2) 0.3C 0.4
@ S. neglecta 0.6C 1.0)
@® S. ferox 0.2 0.4 <0.1(<0.D
@ S. decipiens <0.1(<0.D
@ S. pacifica <0.1(<0.D
@ Pterosagitta draco <0.1C 0.D
Unidentified <0.1C 1.D 0.9C 1.6 3.0C 4.0
Total 4.3 20.9 18.1 57.4 54.6 74.4

O : cold water species. © : mixed water/neritic species. @ : warm water species.

Aug. 1993 Oct. 1993 Apr. 1994

COLD WATER
SPECIES

MIXED&WATER
NERITIC SPECIES

WARM WATER
SPECIES

TEMPERATURE(°C)
at 100m

Fig. 4. Seasonal and spetial variations in densities of each chaetognath group. The bottom
figures are the horizontal temperature (CC) distribution at 100m depth.
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E10H (1991, 199313 10%KRic /e b, BE LK T Lz, — R/ BEKBEMEED S. nagae
i, THREBYE LD, 88 « 10 IEE - Bt ki ERL Tw5. RULBE
S BEKRBMERED S. minima 3, FFEC ST HRNBLHE LS, 8107 cBEZ ML,
B 1240-46% 1 Lz, 8-10H i T b 2 oRE " RAKERMEL, £4E075-88%%
i, BAMRED S enflata X108 (199D £&ED13.6% % 5%, S. elegans T D %7 -
7o, fLORIII% LT TH - 1.

KFHEAKIB D, ¥ 2 HHOKFEGMOFEHEN T A DD, 19934F8H, 108 K U19944F
4 AOERID, RO SEEORKEYHREEABICFig. ir L. ok, BEOFMLHK
flit: Appendix 1 2T TH5. FTTHERKEFCOWTAHAB E, EFE(8 AIKER P3, P7,
P8C, F1MFE QO KEHAPITRRPEHE TH > 71oh, EABOBEOERIINEL, &
OEMIC L ZIEH - HEL ke, -, BiR/RAAKEERE, 8 108k, EHGE
F Pl P2) BIOEM GEEP6, P T hEEEICHEL, Zo5MCTEE R %
bavke., ZOMBEIIIOB R ESIEEC . LHrLEM DRk’ s, ZhbofEE ik
EDEBRTHIEEALHBI L s ok, BAMER, Coffficdizd A SHBLS, 8A L
WAL TMEHLREGTHD, BEESSEMCER P5-1 LBEICEA PL, PR
Tt

Pl X sy asHoRBR-SMREL T ED5 &, BKME (S eegans) ZFEHHKD
EOEFIc S HE L, HEBCESHR - HuioEE 3ok, —F, BE/RAKEMEE
(S. magae, S. minima) ¥, FZIXIFEAEHBE LRV, E»LHICRET R UOHERICS E
B L. FicBAREECS. enflata, etc DOWBE L, PELANOEKES A 2 —vERL
7z,

T, Y2 EHOBERHE L T(Tabled), FLDELOHKKE, Fdtif-RBI 0w
WEALTL WV EEECKLZ LR, FEOKERI ) oG, EFENLLHKTICK
FHERE & IR C, R REKEEE M T LI ERmTES. Bl ofEio
Hing, EFE»LREOFREKED LR EEMHEBORZE, kI ORETcoMEERPEK
DFEEHIELTWbEFE 2 bR (Fig. 2, 4.

% =

IHETCIThbhLFEN I L b (REE 1974 ; TERAZAKI 19933, b), BAREHHME I T
WAH16-208 D ¥ A B, BAKE - BAM - RRRBEKENEO 3BT LN TE S,
KAHEAS TR A CRIH 1974 124720, RBIRE TR hb 3FO v o v, 10 HER
Ihic. HFEHE, ThZhRERHAHE~% - v &R L (Table 7, Fig, 4, F# bk DK
DWHERE L, BERBEREDD VBRI L.

Bl z X, HKMED S. elegnas (ZKBOEWFEB L, HEBECEHENMIZED bhis
Mot —F, BE/REKBHEEIFCIBEAERALAT, EBKENERTLELLRK
WELLEIML L., 2 olihiciy, i@ ERO R —M (Appendix DAEL 5. B
NHIKE T T, FEE RS L OMEEBROEENFED I, ThIC X SRS
DEGHPAEL T=(Fig. 2). 8- T, BRE/BEKEMNE D, ol EBRCL > T8
EENTLB3DEHLLRS.

S. enflata 75 & OBEKRME Y & D, BEREKEEE & FRCsKEIICHBE L, KRS
EKTT2ERFIBEL Abhh ot BAEEOR, S enflata R\ £ EEI, KE TR
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AV EE S ORE I T E iy, R HAEHREZ, —hbofosfigkodr
FRICY 7 4 = & 536 (BIERI 1959 ; PIERROT-BULTS and NAIR 1991), = RS xaAidaOima s
Z2H L 72 %58 L 7o\ Mk —sterile expatriates (PIERROT-BULTS and NAIR 1991)— & &7 LT
v LosLiehn s S enflata TUX, BAIIRE - &SR S, & -dbBER R E T
3% 75 & (KOTORI and KOBAYASHI 1979), S. minima Tx F{RE KIS ICE LI L 7oA AR
WAFESLDLHERMINS.

Plhotxzlosnd, TOKEBOY L EHHER TEMNTBESHNCBALTS
e THREIATKY, BEBSEOFEMECHIGL TEHT 280 cbDEE 2L 5. TE
RAZAKI (1993a) ¢k, HAEBREBOEILE KEL000m) ZB\T, v & EEEMEO HBEMEGE
KoL, 0-500m OPFERE YV 7L - THRRTVAH. FhICE DL, BikMED S
elegans LRE KB D S. minima ZEFLERT 22, QB BN - EEEBIRE T, #
FHX S AMLI2ACERE ML, i, BEED S. nagae XE K, MESETEBIKE O
Tt (S. enflata 72 &) A BZCHEIN L. ORI, KGO 2 —vEIL—HKLT
B0, KFIHEKIK & BILBO Y & AR & FOFHAIL, BLLTWE Z ERB LN -
fz.

T, EENREE-GKEY A v E—, EabKosKEici s ZER L Tn
LDTHASm?  TERAZAKI (1993b) i, 19704 8 FICREBE L EILAAITC ¥ &4 ~ EHOHE S A
I, BRED S elegans 3200m DR L, B RBEKREMD S nagee % S. min-
ima, BOBEEMEO Y & EIX200m DRICHBT 25 2 L XL LA, &7z HIRAKAWA ef
al. 19O XEINET6 AKRV9 Bz, 150m LAEIZ S. elegans W BITHMHT 5 E R T
5. AR EDARHEKRTHEETCND EELONDD, AR TRBHRELIT> T
DT, ZOKRTOY A FHOHHESMOLEOMBI L, SHRICERINIHETHS.

YA EHOSMHRGE, B OKBOYBEBEE 2RI L T\ 5723 Tilie, ZORESE
& UTHRR G, KO B EERBRIC KR E REEY 5 2 T 53 D &% 2 b 5 (FEIGENBAUM
199D). Bl 2 TKFIHEKIE T3, FEOASLE I C, AAEENLSREA KRB L8 L&
AT R, BEIATE L0 T4 AN (1/2051/5). Zhb/pBlv av it s »
TiE, HARMCHRTLEHEOY 1 X /L% &% 2 Hbh 5 (REEVE and WALTER 1972 ;
DRITS 1981 ; @QLESLAND 1987). T X 5 v v EHo v 4 X(FE#HROEILE, AREEH O
A EE(SAMEOTO 1971), ML NCER E I B D 75 v 2 + v, B h 4 7 o O EFE~DEEY }
72632 ERHIS TV 5 (DAVIS 1984 ; KIMMERER 1984). A& ORERIL, v o o EHoKM
WEMEZYFHT 0T, KRHEKRO AW EERE, Thbb, 77 v 7 vAHHED
G L, BLIOTOBBYRIHT H-D0MmELLLTHAS .
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