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Fig. 1. Location of three sampling stations in Tosa Bay.
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IR RS> TWB Z DD, ZFOloAs
D BAIZFEEORAEIE L e h o 7ze G AHINE R
DI 5 AN T H A LIS S WRRDA 7 e o
726 % 2T Chen etal (1974) DMFEFIHE - THERE
ELRIEORES (R3LIFEDM) #EAMHEICL, b
MR E N FOMICEZE L7z L2 L, 0
J: TR 72 D. affinis & D. dahli DEREIE1% 10 ¢
1 T, BRZLL 0T E A LT UHERIC R -
720 Ttoh & Mizushima (1999) (2 & AL D. dahli 13>
LA D.affinis BV WEHIZ L CH L Twa 2 &
5, AFFEDRERAE D. dahli & U CTEHL L 223 1E
EAED.dffinis ThHh o722 #RLTWhA, TD7-0D,
R LTI OEFHE D. affinis & LTHH . 2
XV, D.affinis DFEEED—ENZ D.dahli H3EFENT S, D.

affinis \Zx§9 % D. dahli DEE1Z 1/10 & D132 5120
BWEEZ LN, D.affinis DFEFEALR 56 D
FERICFHMICEE L W EF R 5o

P RIS ORI S & KD B3R
7w (D) &R (L) TEL72KSTREAE L7,

D,,,ZZ (DixLi) /le

E B L OFRER Mo g sy ary 7 b
[=7 Vsl 2012] (BT — Y R) 2w
Kruskal- Wallist % % 17 - 721, Steel-DwassiE 2 & 5
VRZAVE R R R 5 Nid (& ey

l\n%

KB - 1B KEOKEEESOFHEILZ, Fh
ZNIRERBNOFIHE T FIZHW T %, Stns A
~CoFERBKRIVWINDIHIIRDEL 274 ~
283C, 3HICHHBEL 165 ~175CTh o7 (M
2)o Stn BTI1x7, 8 HIZFEE L 25 ~ 50 mfg & O
122 ~3CoENDDHLEENRONA, 10~3

Stn A
30

25 4/0———0//010\6\0\0
i —

10

M J J A S O N D J F M A

Stn B

Temperature (C)
4 \X

M J J
StnC
30
25
20 —
_— )\x
15 x—X Ky =X K X
\X X/
10 T T T T T T T T T T T
M ) J A S O N D J F M A
2009 2010

—O—Surface layer*; —@—25-50 m; —&—50-100 m; —x—100-200 m

2. TAEED3EEICBT S ERERN O KED
ZHii25 4o *Stn A TI1Z 0~ 20 m/E, Stns B & C
Tl 0~ 25 mfE,

Fig. 2. Seasonal change in the mean temperature of each sam-
pling layer at the three stations in Tosa Bay. *0-20 m layer at
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Fig. 3. Seasonal change in the mean salinity of each sampling
layer at the three stations in Tosa Bay. *See Fig. 2.
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#1. HMEBEOI) ro ARSI A T IHOM L AL, YMD, 4ralBa H5EHE LEFEE  HMMD, Wk

SR YMDT, 4@kl g 58 L2 4E % - HMMD, [Fi#E A 3%« HDS,

1 3k TR e

B HS, FAHB L 2R, BEOHAL ind. m™ % PFHEERN Z(D,x L)/ (L) TRo (D, L &

INENRERE | OMKEELEE).

Table 1. List of corycaeid species in Tosa Bay and their adult copepod densities. YMD and HMMD, the yearly mean and the
highest monthly mean densities, respectively, in all samples; YMDT and HMMDT, those in all samples collected from the top
layers; HDS, the highest density in a sample; NS, the number of samples in which the species occurred. The unit of density is
ind. m. The mean densities are calculated as X(D xL)/X(L), where D, and L, are copepod density and length of the sampling

layer i, respectively.

Species YMD HMMD YMDT HMMDT HDS NS
Urocorycaeus furcifer 0.11 0.33 (Sep) 0.03 0.20 (Aug) 0.84 (Sep, Stn C, 100-200 m) 26
Urocorycaeus lautus 0.004 0.03 (Jun) 0.006 0.08 (Dec) 0.27 (Dec, Stn A, 0-20 m) 2
Urocorycaeus longistylis 0.007 0.03 (Sep) 0 0 0.21 (Jun, Stn C, 25-50 m) 5
Ditrichocorycaeus erythraeus 0.06 0.41 (Jun) 0.18 1.1 (Jun) 3.8 (Jun, Stn A, 0-20 m) 13
Ditrichocorycaeus andrewsi 0.66 1.9 (Oct) 1.94 5.8 (Sep) 9.7 (Oct, Stn B, 0-25 m) 51
Ditrichocorycaeus asiaticus 0.044 0.14(Aug)  0.097 0.39 (Aug) 1.3 (Apr, Stn C, 50-100 m) 13
Ditrichocorycaeus affinis* 10.7 70.7 (Apr) 20.2 153.6 (Apr) 257.5 (Apr, Sta C, 0-25 m) 78
Agetus limbatus 0.07 0.20 (Jun) 0.08 0.30 (Jun) 1.3 (May, Stn B, 25-50 m) 25
Agetus typicus 0.11 0.25 (Jun) 0.14 0.53 (May) 1.3 (May, Stn A, 0-20 m) 27
Agetus flaccus 0.09 0.19 (Jul) 0.09 0.38 (Jul) 1.1 (Jan, Stn C, 0-25 m) 25
Onychocorycaeus agilis 0.17 0.44 (Jun) 0.39 1.5 (Aug) 3.9(Apr, Stn C, 25-50 m) 28
Onychocorycaeus giesbrechti 0.03 0.14 (May) 0.04 0.38 (Jul) 1.1 (Jul, Stn C, 0-25 m) 12
Onychocorycaeus pacificus 0.64 1.6 (Jul) 1.41 3.8 (Jul) 7.3 (Jul, Stn B, 0-25 m) 53
Onychocorycaeus catus 0.55 1.1 (Jun) 1.32 3.1(Sep) 5.8 (Sep, Stn C, 0-25 m) 54
Onychocorycaeus pumilus 0.25 0.44 (Oct) 0.60 0.95 (May) 2.6 (Jun, Stn A, 0-20 m) 42
Corycaeus speciosus 0.37 0.87 (Jun) 0.84 1.5 (Aug) 4.4(Oct, Stn A, 0-20 m) 55
Corycaeus clausi 0.31 1.3 (Jun) 0.53 1.1 (Apr) 9.1 (Jun, Stn B, 25-50 m) 44
Corycaeus crassiusculus 0.15 0.90 (Jun) 0.31 1.8 (Jun) 5.0 (Jun, Stn C, 0-25 m) 26
Farranula rostrata 0.17 1.2 (Jul) 0.23 1.6 (Jul) 6.6 (Jul, Stn B, 25-50 m) 19
Farranula concinna 0.25 1.5 (Jun) 0.81 4.9 (Jun) 8.4 (Jun, Stn B, 0-25 m) 23
Farranula carinata 0.26 1.5 (Jul) 0.44 2.8 (Jul) 7.3 (Jul, Stn B, 25-50 m) 20
Farranula gibbula 1.1 5.1(Sep) 3.0 12.9(Sep) 17.7(Sep, Stn C, 0-25 m) 45
Total adult copepods 16.2 75.4 (Apr) 32.7 165.3 (Apr) 276.3  (Apr, Stn C, 0-25 m) 84

*HFDNID.dahli % & .

*including a small number of D. dahli.

)& 5 Fli, Corycaeus)d 3 i, Farranula)g 4 FiDFT 6 )& 22
TS E SNz 72720, D.affinis & UCEH L7z D.
dahli % 54 % L 51 23 Fl2 7 o HEOFEL (D. dahli
<) X1 A5 216~ 174, 11 H (17 ff)
ZBRWTOHN S 12 HAY18 ~ 21 fiC, BRAKIHIZR
ML < T AN D - 720

a1) 7 ARHEAR O AE I A AR B B X 162 ind.
m * T, ZDI b 662% A3 D. affinis (4ERFIRARE
F£107 ind. m™®) TH o720 KT F gibbula (71%),
D.andrewsi (41%), O.pacificus (40%), O.catus (34%)

DNEIZE <, b L5 TAEARD 848% % 72,
HPYEETY D, affinis 12 1536 ind m™° 4 ) 2%
0, o 5FEZEE Lz, DR I 28550
EIERZ LT 5, FEARZTTRHELLZaY Y
AR ERDAER IR (327 ind. m™ %) 134k
SEMEL7ED 20 5 CTH - 72

1B 72 ) DI KEE T D. affinis H3 8 b & <
2575 ind. m~* T, &K\ TF gibbula (177 ind. m”~*),
D. andrewsi (97 ind. m™®), C.clausi (91 ind. m™ %), F.
concinna (84 ind. m™®) &Hivi7z, FD ) HiE L5
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Fig. 5. Seasonal changes in the mean adult copepod density of corycaeid species in Tosa Bay. Species occupying <0.5%
of the yearly mean density of adult corycaeid copepods are omitted. See Table 1 for calculation of the mean density.
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~%F U1 ~5H) P wERIZHT S5,
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FHIW 2 EEIZ R ooz ZRDSLD, A
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IS5 A2 7 H E TITHY 2 HENE <,
ZDHH AlimbausPHr O AFEIZ 6 H7THOEE S
P7AFITHNL T 10 ind. m™° %8 2 72 Ao H 1348
O TIRWEETE 5 72,

Al OBEEREETIZ 1 ~ 7 & D. affinis 35

kb

L, &<iZ2~5Fida) r o AR o@EE 5% 5
Oz (X6)e ZOMADELLRDEANH12HET
V& Farranula gibbula 7> D. andrewsi 735 L7z, 2 ‘J
v ARMEENDZAEE  (Shannon-Wiener @ H’) |
TR F ) KRE S FHELH) Lz, EIZ @5
T D. affinis DEELEIC X > TR L, 2~5 FIKEL,
6~1HIEL ko7

KFE - REHH HEHHSFED 3 ERERBIIBITBK
oAk, Stn CIZBUFAES A% ZNENXT
L8 RT ., FHIAE)E ZZMAF DM FIZL > TH
ENRKREXLHHEZLHT L7720, Y0 LEELX
BHBETIR L,

KFEDAIEDHE D HIZ X > TR DBENEL &
BERDERY, FEPOMANO—E LB EOLEAL
WERSNT, #1213 Ditrichocorycaeus affinis S8 FELZ
Zofzb HE A HD X5\ AEmAs#ic s 2t b
otz (W7o T2, HEHTHIREDHEEDD
BB bLITMOERTE > 72K RES N LD -
720, VIO TIC 720352223475 %<,
SANCKE R 232 Z LRSIz, 12 7 A%
DEBEET — 5 v 3 HE O A2 AT - 72458,
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720 AEFE (p=0027) PR S5NT20.caus 1Z, Stn
AN St C LD FAEICEENROCKHRICE 72 (p=
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Fig. 6. Seasonal changes in the species diversity (Shannon-Wiener index, H’) (top) and the community
structure (bottom) of adult corycaeid copepods in Tosa Bay.
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caeid species in the top sampling layers in Tosa Bay. Note that densities are
shown in log scale.
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Stn C in Tosa Bay. Note that densities are shown in log scale.
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0043) o

SR OWTIE, B S & 12 100 mPLEk
DJg X1 100 ~ 200 mfg TEREIMEL & ), D. affinis
PIAME 100 ~200 mETO0lind m *##2 % 2 &1k
ficdho7z (K8, 100 mELE I/ 4§ 2 kD HI
B 5B O EED BEHAET A & D. affinis 96.8%,
F. gibbula 988%, D. andrewsi 984%, O. pacificus 99.7%,
O. catus 98% (27 1), 5L b 1T L A L DMEAKAT100
mbPE 206 L7z 100 mPiE o 3 @ o504 Tlg,
Farranula gibblula 7350 ~ 100 mfE2 513 & A EERE X
g, 0~50 mEICER L2202, £ <I2Sm
CTOEENEENE V6 ARSI HEFTH6 4 H
MTo» HiddEE (0~25mE) CTRABEII R 72,
HHE TS 50 ~ 100 mEOFEEIE 1 2 @ OREE &
DAEREIELS 2572 (0~25miE&ix p= 0028, 25
~50 mE & & p=0007), FEOERENIIFE TRA
BRI 7 AL D. andrewsi H[F U TH o720 L
i D. affinis ® 100 mPIEOSRE S AT OEITIHIZ L - T
KELEDY, 9, 11, 2, 4 ACIxEBMICEL L, @
127, 8 12HTIRTREIZEL otz F72, $HIES
A EBIRER OKI, 35y, Z7una 7 4 vi) Lo
WHEHITREBMRIIARON 22 o 72,

B 5 HDA oM S BEAR AR 50 mPLE £ 7213 100
mIEIZE <, 100 mEURIZIKS %% 5720 4ERIT Stn C
25 30 AL EIRE SN TV BT 100 mEAED 5
4 BRE N7 Do 72D Corycaeus crassiusculus,  F.
rostrata, F.carinata ® 3FET, 512 100 mEVEIZ 54§
MR DEIE2310% % 8 2 72D 1Z Urocorycaeus furcifer
(65.0%), Agetus limbatus (22.3%), O. giesbrechti (109%), A.
flaccus (102%) D AFET & - 725 Urocorycaeus furcifer
13 100 mPNRDOEIE BTG E DS, 50 mELEZ &
B2% 2%, 1Z&AEDMEAED B0 mPLEIZH A L
726

EE

BHEEE Ao Er, TEE LN RGNS
WAE T ABRIMECI ) ry AR A 7 VO
ZALZ B 502 L7 Itoh & Mizushima (1999) ®#
REWKT 2720, IS OWRTTFITDO W THE
T Ho FREIERIEOBRIZH 5 =PRI < DK
W3 mOEMIZT, 1979F 472561, 28K B
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WTH Do KD m QK 123 ~ 268 T OHiPHIZ
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B, C T30~ 25 mkE) DOF¥KiAs165~ 283 C
THHTEBE LT 2 EHL IR, & I
BN X BKIMDE DT L A & T WAZEORARIKIR
123 ClE 1B O AR S P39 KiR 165 ~ 175 C &
D 4TCUE SRV O AL & [FARIC
WARD A DRET, FEIZIIIERITE TN TR,
HPHPRNENZ L9 2 d A v N OUEKREIK
555, MEOFEOA Y bafivy, BRE T30 m
DOFER & B AP BRBEIIT - 720 & RO H 1
] 3 % 3T OSRE R X TILFRIFREARITR S 2
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ZETIETENERF LR D E 2 5N b,

ERnyE CHBL L 72 A2 o 72 Farranula rostrata 3 1Ak 7%
TUE 84 B 19 BUEHTIRBL L, MlC L REESI Lk
WHDTETIE v E72, 50 mPURICEZ WHITY &
Vo T, BRIETRELITRESIN o2
Wy, BEEREDSR o 72720 L 13 E 21T v, THEE
“C F.rostrata 3% 7> 72 7 A O FJg K 23 CHiEZ T
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BEOBE NP TH S EHE I, O
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M Ay FTEEHICHEZIKT LI EEZ LN
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DERRKEBEZ WD L, D.affinis D W & WEE X
Onychocorycaeus pacificus D#J 32 ind. m™* T, KW THH
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WO, Z DRI Farranula gibbula 7% 4 ind. m™* THi
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W HEETIES SFICE TN WD, 1R ORK
BREIZZFNEN50, 4ind m *HY, BRTEEFEL
F—=F =1l b, IS DORIL Ditrichocorycaeus)® =
Onychocorycaeusl& & ) KT Td % TAEE TOHED
BRWHBo 12 LT, BmEX D HOMA VA b
ZEH L7272 IR OPIASKE SR Y, RN
DI BN AT I AAE 72 DI AFHl L T
122 EDNEZOLND,

ZEZIt Itoh & Mizushima (1999) (X ER# & D
2) 77 AR 10 HO W CTAER OB EZ L Z BUR L,
BB, G, BRI 720 AESE T
mA R AR, BRI, BRI AY, W 4
(ZHEIS BRI v, FENIMEE & b KBS D.
affinis TH b, BRMETIZ 4 HD S D. affinis DI
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A%, TARVETIZ 2009 4EFR L 5 HISE B R o 72 ik
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BCEFHIIARE L T b Mo IL 35~ THEKY
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2%, Itoh & Mizushima (1999) @ table 112 X Auixkz

145

B CRERIL L7229 7 AR O D. affinis 72
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Abstract

Community structure, species-specific seasonal
abundance and horizontal/vertical distributions of cory-
caeid copepods, the dominant carnivorous zooplankton,
were investigated in Tosa Bay, western Japan. Little
is known concerning the ecology of these species. The
adult copepods were analyzed in samples collected
monthly from discrete layers at three stations, which
were lined from near the shore to the shelf edge, by ver-
tical hauls of a 0.1-mm mesh, closing or opening/closing,
net from May 2009 to April 2010. A total of 23 species
were identified. Ditrichocorycaeus affinis was highly
abundant especially in the spring with the highest adult
density of 154 ind. m= in April, and composed 66% of
the yearly mean density of adult corycaeid copepods.
This species and the four subdominant species Farranula
gibbula, D. andrewsi, Onychocorycaeus pacificus and O.
catus showed no species-specific consistent horizontal
distribution in the surface layer (0-20 or 0-25 m depth),
and their densities sometimes varied widely among the
stations, suggesting that they were patchily distributed.
At the shelf-edge station, their distribution was primarily
limited to a surface layer of <50 or 100 m deep. Among
the other species, only Urocorycaeus furcifer showed a
higher yearly mean density in the 100-200 m depth than
in the shallower depths. The present results of species-
specific vertical distributions largely agree with those of
the previous studies, except for D. affinis, of which the
vertical distribution within the 0-100 m layer greatly
varied with no notable correlation with environmental
factors.

Key words: Tosa Bay, Copepoda, Corycaeus, vertical
distribution, seasonal change



