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Ecological features of meso- and bathypelagic copepods as viewed from
prey-predator interactions

ATsUsHI YAMAGUCHI AND TsuTOMU [KEDA

Graduale School of Fisheries Sciences, Hokkaido University, 3—1-1 Minatomachi, Hakodate, Hokkaido 041-8611, Japan
E-mail: a-vama@fish. hokudai.ac.jp

Abstract Recent progress in the study on vertical partitioning, ontogenelic vertical migration and life cycles
of meso- and bathypelagic copepods in the western subarctic Pacific is reviewed from the viewpoint of
prey-predator interactions. Gaidius variabilis and Pleuromamma scutullata are particle feeders, and their
spawning seasons were well synchronized with that of the phytoplankton bloom. Judging from their vertical
distribution depth (G. variabilis; 600-1500 m, P. scutullata; 200-600 m), it is suggested that they are depending
on directly sinking particles from the euphotic zone. Scolecithricella minor is known to be a detritus feeder,
and their reproduction/active growth season was closely associated with high abundance of appendiculari-
ans. It implies that discarded ‘house’ of appendicularians is a major food source for S. minor. As a typical
carnivore, Helerorhabdus tanneri is characterized by intermolt growth of young copepodids being 3 times
greater than those of other species, and they achieve a langeorganicmatter deposition during high the
abundance season of their potential food (other zooplankton). The vertical distribution of congener species is
never overlapped. In the subarctic Pacific, four Melridia spp. and three Paraeuchaeta spp. are predominant.
For Metridia species, M. pacifica distributed mainly at 0-250 m, M. okhotensis at 250-1000 m, M. asymmetrica
at 1000-2000 m and M. curticauda at >2000 m depths. For Paraeuchaeta, F. eiongata was at 0-500 m, P.
birostrata at 250-1000 m and P. rubra at 500-2000 m depths. Since feeding modes of congener species are
similar, vertical partitioning of their habitats within the genus is advantageous to reduce feeding competition
between the species. The ontogenetic vertical migration patterns of meso- and bathypelagic copepods are
characterized by developmental ascent. In the subarctic Pacific, three Paraeuchaeta species, Gaidius variabilis
and Metridia asymmetrica exhibited the ontogenetic vertical migration pattern. Since their lifetime fecundity
is low, starting the early life at depth is advantageous to reduce their predation mortalities. This explanation
appears to be consistent with the observation that the fecundity of these copepods decreases with increasing
depth, At the same time, developmental ascent is considered to be advantageous to achieve better growth in
food-rich upper layers.
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ATEERERIE, SMEMIZFEE (epipelagic: 200 m LIE), o
& (mesopelagic: 200~1000m) # Kk U%E (bathypelagic:
1000 m LIEE) icX4r&f1d (Angel 1989). ThF TilFific s
Hahwnd LEOFEFNHA GIDEEECEFEEE AL
fibh, Z{0MAHEFRINLTWVWS (Mauchline 1998), —
H, e BEEEICLCTEATETORETSH 2 LLRER
B, HiZosieSdann, ToFEENNRIIES TZ
L\ (Vinogradov 1997).

Roe (1972) L KFEFEIZ B VT, Hrvd LEO @A EE

DT Do CHERBAR I LS B, B LUBOKEY
L FETE— 2 2R L EBE L. BELURBROHMN
e BETE-2 2> L 3T 0%, HF oY —# (Dee-
vey & Brooks 1977), #ifhifg (Scolto di Carlo et al. 1984), 7
) — >3 v Filg (Richter 1994), t#i#E (Kosobokova & Hir-
che 2000) ¥ & FPAEILAEEEEHE (Yamaguchi et al
2002a) THHEPHONTHEY, L 2mEckEdT 28R L
FALN L LA EFRERFR B 2 zRT &
(Fig. 1), B® L bRis X UBHIE/KE 1000 m {1 & 2500
m R E-2s7065 2BNHERLTED, HERLUED
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Fig. 1. Vertical distribution of the number of genera
and species of calanoid copepods at St. KNOT in the
western subarctic Pacific Ocean, 19-21 August 1998
(left) and similarity indices clustered by Mountford's
method (right) Modified from Yamaguchi et al
(2002a).

BITTOERE, JEELUEEOS I SNE, bl
HofEsbic g BEEROZEIRS L EEL N TEY (R
B« H 1997), e LUBHS D - FEBTE W L, EBE
B pE S SO BB L BN EICHIR U o EE D £ 8
HeRLTWabDEELONS,

i, - FEEHAERHO 3 22 v B (Gonostomatidae) />
¥4 7 vF (Myctophidae) (&, o« B, VEH LEOYF
EDOFE (Metridinidae £+ Aetideidae #1) Z#RA7CHEHT
Bl LMo T VA (Merrett & Roe 1974, Gordon et al.
1985, Lancraft et al. 1988, Hopkins & Sutton 1998), Z®©
Species-specific AR S - FEHELEMTCHOBEAE
B A cnBEHTHY, HEMOREC 2V LRI
B 34D GEL G THOMENBE®EL TWE EEL
LA TW5 (Hopkins & Sutton 1998),

EAREEH W RED S, KB o~ 72 Ricid 7+
74 7 ZA8&WS\wdH LE (Scolecitrichidae £ % Poecilosto-

matoida 72\ LI PETETERE LTS EdHtsh
T3 (Steinberg et al. 1994, Steinberg 1995), BlffO v
A GRS RE TR SN, Bhd v RothTkiisic
L, o ZWNICEW iR SRR E RS TEE LTV 5.
T, RAOMAHE RS 30 210015 LB, 4
Pog 20ABIZERFELTWA20E LEOEESERS AT
W5, Ny ZNTOMWS LEOEH{TE) I Steinberg (1995)
itk - THExNTEY, Scolecitrichidae $1® Seopalatum
vorax (37 AN TREWEER LD, ~vAHKE (¥%
SLHM2TFHT) & TR~ 20 OEEAAAHE
shtuwd, Bhli v zi@dbhvs LELACEY, @AY
FEHOLT M7 e R, S, BAE A FT I
FERABE L ->THHBHEROBS 2 VWREHZOLOTH
BLEZ LSNTWS (Alldredge 1976, Steinberg et al. 1994,
Mochioka & Iwamizu 1996).

s FBEEREOECZL Vi), lcEET 240
TENIEYB O EFHTRE S L CAMBLLEERZ LN A,
AR X T HATILA TEEEHE O St. KNOT £ Site H (Fig,
2) B TEShh - EENA VS LEO LRI 0
26, APROMEIER, Hiciia - alAEsos & X
NTWAEEEZONANE L LT, OHEESETEEOTEHM
a7, CRNERReRR RS o, QRRIES
HENEFER), O3 A2 VWTHEST S,

B BEEOEDN L hy TU Y

e FEEES LS LEoET R I gL SEEAR o
5. [ ST EEER k- TR, Thidgs
CREOMERZE - 75 v 7 b OFEEEE ERC S
LTOWa I EDPRMTHRLPDONTWAS,

Pleuromamma  scutullata  ($PGF L REEETEEEHE O KE
100~800m 2437 L, %Wz ES e 2 Mg O AsEEE %
THORTEE» VWS LETH 3 (Yamaguchi & [keda 2000a),
Site H Ic &t 2 AFE D & FEFTERE o B 1L RATE /S F/v:
b, HEOHEE—-7 @75 v 2+ vOBRFTL— LD
BRGEEER (4 B) &SR3 —BLTwi (Fig. 3). Cl ogHY —
s9~10 QicRohtc T Eds, e -7 T 2AHOEE
Bl A 5~6 7 HE RS shfc. Cl ok ToRS
i zhEhodHE — 2 0B L SHfEETEET, 6~T 7
HERRb oA, 3244 P o 1 HREERdIC 5w 58
13 50~68% TH Y, IhnEREHE NEMHLVE LED -
el g~ & 74 r oFEERHEOHE (45~68%: Landry
1983, Webber & Roff 1995) 2 & L <{ —~H L CTWi, Thoeo
EEHn G, PUEHEA IR B O T AR 24 1 EO R
Ml aft, TERMEEN TS v 2 F v OFFT -2 liC
—HLTWwWAZ &EHRME N/ (Yamaguchi & Tkeda 2000a),
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Fig. 2. Location of Site H (shaded box) and St. KNOT (solid circle) in the western subarctic Pacific.

[a] Cglsic BT, WK LSHAYRE TH 5 Heterorhabdus
tanneri 37K 300~1000m I29fH L, Wl ER43HA
NEBEE 2{T-TW5, H tanneri 3 ~#E 54 b il (C3~
C5) icH 1 MR 3, —MHyEhvd LD b3
bAE L, 1ok sk (REA#E O EEREInG S
EfEK 965% (C3~C4 ) 12 biEd 5. HIHEEOEIUE
A ERELFEHEHARSh, C3 &L C4136~T7 Hiz, C5
3 9~10 BicEb L, ikt 12 BicEd -7, dmics v
TAMEEEL LT 12 Hic@ERL, MWL EBEEEsEL T
BEO 12 Qe BUERLE L OEEBEZENT s LEL LN
fe (1E L), CofEHoRSRREMBEO KNS WS
B oEE, HiRIEH 77 v b BOSVERICRT
TEIchHdEEZSNS (Yamaguchi & Tkeda 2000a).

COBRPICETBICAMNTARBNLEF 54 4 ZAME
Scolecithricella minor 2> WT, HAEBELBICEWTEOH
HEEERRDS, BIBIcB VT F L 54 4 RDEREN S o R
b 2RO RARNERS E —H L TwWA T L (Yame-
guchi et al. 1999) %, @i #id 3R F-AWE Guidius
variabilis ($LHEERIEIZ 5 LT % O FAEER A Y 7 2
o b OBFFT - LCFEBSETHE I MO ATY
% (Yamaguchi & Ikeda 2000b). — @& 5icrh - EEICHER
5 0d LEHIC baFR g FHMELR o, £hid
BaOBOLERBRTHE S8 - YT 5 Y2 b Yy ORHE
B EICE L TV LATRE SN,

ZhoofRIcEoAZ L9, o« EETEo fIiFET S
PHAEY A 7 VICHIES FEESHE oM@ iE- -IREENE

B £ -» TREEBT s SfERA CREMNTBEEELS
1 (Bakke 1977, Hopkins 1982, Richter 1994), fifit{3h F4E
ER S 2 QR A S B A RIS © S IERBHEREICES
4" (Runge 1985, Hirche & Bohrer 1987), 1 - SE@EM:HMIC &
HTREZELEFRELTVA,

FIRHER D RE A 21T

PEERAL ACE B D 0~4000 m KA L TRT- Bk
i LEEO Metridia [813 M. pacifica, M. okhotensis, M.
asymmetrica £ M. curticauda & 4 FiDiE 54 % (Yamaguchi
etal 2002a). Tho4FEEHEY A X6 R LE-THD, M
pacifica (& 2.6~3.1 mm (MER{AD LK), M okhotensis &
4.2~4.5 mm, M. asymmetrica & 3.9~4.2 mm & & T M. cur-
ticauda 1+ 25~3.6 mm T& 5 (Brodskii 1950), = O[E]E®D
A FEOBBESHEEREWCRE S, 2%, XFEHS 250m
#F T3 M. pacifica, 250 m % & 1000 m {2 1& M. okholensis 7,
M. asymmetrica &< @ D 1000~2000m iz, LT M
curticauda Z7KZE 2000 m LIEEIC A L T Wz (Fig. 4).

[ElEk 7S I 2 Bt W B LEED Paraeuchaeta JED 3 FiiC
B ohd (Yamaguchi & Tkeda 2002a). 3 DK+ 1 Xt
6.3~80mm (HkiAoeRk) O@EMics b EE- T2,
ZTONMEREIZEVWE DM SIEIC P elongata 75 310174 m
(PGB RS), P birostrata 7 800111 m £ X T
W Porubra 73 11631220 m T# - 72 (Yamaguchi & Tkeda
2002a).

EREOREIEHEEBAEVCTwAZ S Bmen T
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Fig. 3. Schematic diagrams of seasonal cycles of
chlorophyll ¢ and zooplankton biovolume (top) and
developmental increases in body dry weight of
Pleuromamma scutullata (Cl through adults) and
Heterorhabdus tanneri (C3 through adults) at Site H in
the western subarctic Pacific Ocean during 1996—
1997, Modifeid [rom Yamaguchi & Ikeda (2000a),

(Arashkevich 1969, K4 « tiH 1997). LiboRBMETH
O34t EAk @ Mandible (%) @ Cutting blade (MM 2
Huoik {HTwa (LOARRK). tk+4 XSHWIc[ERET
b aRBOFEE TREO 4 OB LLTVWA T EATH
ahd, [MECHEETHMEEELELS L EHobL g .
RECBEVT, HEDZRFEENT 2 A TCHEHCHTH S &
EAoNA.

REICESHEBE

s LHORFICH Y MEES (HEARRAEMERE) &
LT, TN % T Calanus &, Neocalanus [&, Eucalanus &%
Rhincalanus B &V » 7z, IR EERE TR EECREEET
W, BERERMTEh EECEBs VD THTICE-TY
TRERASPES 15 % (developmental descent) | #iAsk {HIS 1
TWv 4 (Mauchline 1998).

L L, Bt EfERa i b a0 - s vad L
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Fig. 4. Vertical distributions of total copepodid
stages of four Mefridia species: M. pacifica, M.
okhotensis, M. asymmelrica and M. curticauda, at St.
KNOT in the western subarctic Pacific Ocean, 19-21
August 1998. Open and solid histograms indicate
day and night data, respectively. Note thatl
abundance scales are different with species. Modified
from Yamaguchi et al. (2002a).

Hik, o HYVHREGRBIBVTEVEICOFL, Lk
OFF I - CHHFEERERC LS LV IMOBERE ZT -
T, ZOXH1 TREICH - THAmEENE L5 (devel-
opmental ascent)| 24 & LE T d Paraeuchaeta |8 3 T+
Gaidius variabilis (Yamaguchi & Ikeda 2000b, 2002a), Met-
ridia asymmetrica 15 S5 % (Fig. 5). ToOBHREHARICE
A thEMEM» WS LI Paraeuchaela elongata (22 W THIDT
& s hTllk (Morioka 1975), XEh LT LR SN 545 (7
Ad Binet 1977 4 &), TOEADTHICHIO N E 1K -
foRFolEThSE (BAE, ok L Weikert &
Koppelmann 1993, Richter 1994, Falkenhaug et al. 1997, H
m¥f: Kaeriyama & lkeda 2002).
cent G Eh TV oMW EN L« FEEERN TS » 7
PrTHBIEE, P EBEEMT S L2 b vt e - THIY
HEBRBEZFEVBTAITC LI, MohOdEBEREREYS
HIEETFELTVS

R - R 7 5 o v b v 3R DS
$ AR@INERDG C EHARISH TV A (Mauchline 1991), 4=
HERESNHA DA i < BRIEEEEIN 7 5 v 7 b v I HIEE 2 B
NiolEd 5 T L e OFESHFHcERLREL L - TN 2,
Developmental ascent (3, #ikfiE) DK\ HIIFEEE OF
BRMEEoBw (=HasEsdin) BuBclED, Mk

Z @ developmental as-
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Fig. 5. Ontogenetic changes in the vertical distri-
bution patterns (Dsoy) of Paraeuchaeta elongata, P
birostrata, P. vubra, Gaidius variabilis and Metridia
asymmetrica at St. KNOT in the western subarctic
Pacific Ocean, 19-21 August 1998. F: female, M:
male, AF: adult female, AM: adult male. Dsg;: the
depth at where the 50% of population resided.
Modified from Yamaguchi el al. (2002a).

RHORELLHREER L > TMH TRVWBICERT 2L
%75, Yamaguchi & lkeda (2002b) (¢ & Sicrh - @A
W& LEA Paraeuchaeta J& 3 2 F)IC, KhikVWBICAHT S
HEEMEICHEMEEEARZVW M, S, P EEEIVE
LEAER 02 VRV E~ EREEIT 5 C &3, REicsSER
fHAHEST 20 EHBELTVS

SHROER

EfgTiE, e EREESLE LRSS O S B, &
PIROHEIER, ot - Walfs ssldkcshtns
LEZONWBEHR DL, ThET, - FEEER
ORFEEEA cBABKBIC L7 I raE¥sF o HI S
7o by OEBROMIY, KL 2032 b v OEE
EHRST 5 C LicEO RBMEAN TV, TEREERO
MR TEkohahrof, LO/NBILT 5 2 F YEHROBE
HMEEHshTWa (HlAIX Koppelmann et al. 2003 % £:H2).
Fiiz, e EREICE VT OUEBRERERE N7 7 TOHESRLE
AR EHERL L\ ITELE L TW3 T & (Harris et al. 2001)
P, e FEICBOTSEBRER Y Y T EREBM T S5

FHOH0E F2

r (2003)

Yo b OSHEREVICERICEELTVE L EEEOE
F T Y (Tanaka & Rassoulzadegan 2002, Yamaguchi et al.
2002b), S#iE, EVHB LSRR ERERIC R T - RE
W7o 7 b YIEOBREOFERFMAEREICL T 560
CEbND, T FFOEBMPWT S 7 b Y HEETELT 200
& LISV TIE, B & 2 HIEERCH EERic k0
WEPERMEEZAE L, WEEE I Rl SR e HE X CFHE
TAHRIEWREAHRETH A,

51 A X &

Alldredge, A.L. 1976. Discarded appendicularian houses
as sources of food, surface habitats, and particulate or-
ganic matter in planktonic environments. Limnol. Ocean-
ogr. 24: 855-866,

Angel, M. V. 1980. Does mesopelagic biology affect the
vertical flux?, pp. 155-173. In Productivity of the Ocean:
Present and Past (eds. Berger, W.H., V. S. Smetacek & G.
Wefer). John Wiley & Sons, Dahlem Konferenzen.

Arashkevich, Ye.G. 1969. The food and feeding of cope-
pods in the north-western Pacific. Oceanology 9: 695-709.

Bakke, J. L. W. 1977. Ecological studies on the deep-water
pelagic community of Korsfjorden, Western Norway.
Population dynamics of Euchaeta norvegica (Crustacea:
Copepoda) from 1971 to 1974. Sarsia 63: 49-55.

Binet, D. 1977. Cycles biologiques et migrations ontogené-
tiques copépodes pélagiques des eaux Ivoiriennes. Ca-
hiers O.R.S.T.0.M.,, Series Oceanographie 15: 111-138.

Brodskii, K. A. 1950. Calanoida of the far-eastern seas and
polar basin of the USSR, pp. 1-442. In Keys o the Fauna
of the USSR, No. 35 (ed. Strelkov, A. A.). Moskva, Lenin-
grad (English translation, I.P.8.T., Jerusalem, 1967).

Deevey, G.B. & A.L. Brooks 1977. Copepods of the Sar-
gasso Sea off Bermuda: species composition, and vertical
and seasonal distribution between the surface and 2000
m. Bull. Mar. Sci. 27: 256-291.

Falkenhaug, T., K.S. Tande & T. Semenova 1997. Diel,
seasonal and ontogenetic variations in the vertical distri-
butions of four marine copepods. Mar. Ecol. Prog. Ser.
149: 105-119.

Gordon, J. D. M., S. Nishida & T. Nemoto 1985. The diet of
mesopelagic fish from the Pacific coast of Hokkaido, Ja-
pan. J. Oceanogr. Soc. fapan 41: B9-97.

Harris, J.R. W., E.D. Stutt & C.M. Turley 2001. Carbon
flux in the northeast Mediterranean estimated from mi-
crobial production. Deep-Sea Res. I 48: 2631-2644.

Hirche, H.-J. & R. N. Bohrer 1987. Reproduction of the Arc-
tic copepod Calanus glacialis in Fram Strait. Mar. Biol.
94: 11-17.

Hopkins, C.C.E. 1982. The breeding biology of Euchaeta
norvegica (Boeck) (Copepoda: Calanocida) in Loch Etive,
Scotland: assessment of breeding intensity in terms of
seasonal cycles in the sex ratio, spermatophore attach-
ment, and egg-sac production., [ Exp. Mar. Biol. Ecol. 60:
91-102.

Hopkins, T.L. & T.T. Sutton 1998. Midwater fishes and
shrimps as competitors and resource partitioning in low
latitude oligotrophic ecosystems, Mar. Ecol. Prog. Ser.



HAKEEOTS v b YRk Hat-wAaEMERcaELT 119

164: 37-45.

Kaeriyama, H. & T. Ikeda 2002. Vertical distribution and
population structure of the three dominant ostracods
(Discoconchoecia pseudosicophora, Orthoconchoecia had-
doni and Metaconchoecia skogsbergi) in the Ovashio re-
gion, western North Pacific. Plankton Biol, Ecol. 19: 66—
4.

Koppelmann, R., H. Fabian & H. Weikert 2003. Temporal
variability of deep-sea zooplankton in the Arabian Sea.
Mar. Biol. 142: 959-970.

Kosobokova, K. & H.-J. Hirche 2000. Zooplankton distribu-
tion across the Lomonosov Ridge, Arctic Ocean: Species
inventory, biomass and vertical structure. Deep-Sea Res.
I47: 2029-2060.

Lancraft, T. M, T.L. Hopkins & J.J. Torres 1988. Aspects
of the ecology of the mesopelagic fish Gonosioma elonga-
tum (Gonostomatidae, Stomiiformes) in the eastern Gulf
of Mexico. Mar. Ecol. Prog. Ser. 49: 27-40.

Landry, M. R. 1983. The development of marine calanoid
copepods with comment on isochronal rule. Limnol. Oce-
anogr. 28: 614 624,

Mauchline, J. 1991. Some modern concepts in deep-sea pe-
lagic studies: patterns of growth in the different horizons.
pp. 107-130. In Marine Biology, its Accomplishment and
Future Prospect (eds. Mauchline, J. and T. Nemoto). Ho-
kusen-sha, Tokyo.

Mauchline, J. 1998, The Biology of Calanoid Copepods.
Adv. Mar. Biol. 33: 1-710.

Merrett, N.R. & H. S. J. Roe 1974, Patterns and selectivity
in the feeding of certain mesopelagic fishes. Mar. Biol. 28:
115-126.

Mochioka, N. & M. Iwamizu 1996. Diet of anguilloid lar-
vae: leptocephali fed selectively on larvacean houses and
their fecal pellets. Mar. Biol. 125: 447-452.

Moricka, Y. 1975. A preliminary report on the distribution
and life history of a copepod, Pareuchaeta elongata, in the
Vicinity of Sado Islands. Bull. Jap. Sea Reg. Fish. Res.
Lab. 26: 41-56.

KEFE - FHEENE 1997, BEEEAERENE (HE) of
PEFE, #OBR 6: 299-320.

Richter, C. 1994. Regional and seasonal variability in the
vertical distribution of mesozooplankton in the Green-
land Sea. Ber. Polarforsch. 154: 1-87.

Roe, H.S.]J. 1972. The vertical distributions and diurnal
migrations of calanoid copepods collected on the SOND
cruise, 19656, I. The total population and general discus-
sion. J. mar. biol. Ass. UK. 52: 277-314.

Runge, J. A. 1985. Relationship of egg production of Cal-
anus pacificus to seasonal changes in phytoplankton
availability in Puget Sound, Washington. Limnol. Ocean-
ogr. 30: 382-396.

Scotto di Carlo, B, A. lanora, E. Fresi & J. Hure 1984.
Vertical zonation patterns for Mediterranean copepods
from the surface to 3000m at a fixed station in the
Tyrrhenian Sea. [ Plankton Res. 6: 1031-1056.

Steinberg, D. K. 1995. Diet of copepods (Scopalatum vorax)
associated with mesopelagic detritus (giant larvacean
house) in Monterey Bay, California. Mar. Biol. 122: 571-

584.

Steinberg, D. K., M. W. Silver, C. H. Pilskaln, S. L. Coale & J.
B. Paduan 1994. Midwater zooplankton communities on
pelagic detritus (giant larvacean houses) in Monterey
Bay, California. Limnol. Oceanogr. 39: 1606-1620.

Tanaka, T. & F. Rassoulzadegan 2002. Full-depth profile
(0-2000 m) of bacteria, heterotrophic nanoflagellates and
ciliates in the NW Mediterranean Sea: Vertical partition-
ing of microbial trophic structures. Deep-Sea Res. IT 49:
2093-2107.

Vinogradov, M. E. 1997. Some problems of vertical distri-
bution of meso- and macroplankton in the Ocean. Adv.
Mayr. Biol. 32; 1-92.

Webber, M. K. & J.C. Roff 1995. Annual biomass and pro-
duction of the oceanic copepod community off Discovery
Bay, Jamaica. Mar. Biol. 123: 481-495.

Weikert, H. & R. Koppelmann 1993. Vertical structural
patterns of deep-living zooplankton in the NE Atlantic,
the Levantine Sea and Red Sea: a comparison. Ocean-
ologica Acta 16: 168-177.

Yamaguchi, A. & T. [keda 2000a. Vertical distribution, life
cycle, and body allometry of twa oceanic calanoid cope-
pods (Pleuromamma scutullata and Heterorhabdus tanneri)
in the Oyashio region, western North Pacific Ocean. [
Plankton Res. 22: 29-46.

Yamaguchi, A. & T. Ikeda 2000b. Vertical distribution, life
cycle and developmental characteristics of mesopelagic
calanoid copepod Gaidius variabilis (Aetideidae) in the
Oyashio region, western North Pacific Ocean. Mar. Biol.
137: 99-109.

Yamaguchi, A. & T. Ikeda 2002a. Vertical distribution pat-
terns of the three mesopelagic Paraeuchaeta species (Co-
pepoda: Calanoida) in the Oyashio region, western sub-
arctic Pacific Ocean. Bull. Fish. Sci. Hokkaido Univ. 53: 1
-10.

Yamaguchi, A. & T. [keda 2002b. Reproductive and devel-
opmental characteristics of three mesopelagic Paraeucha-
eta species (Copepoda: Calanoida) in the Ovashio region,
western subarctic Pacific Ocean. Bull. Fish. Sci. Hokkaido
Univ. 53: 11-21.

Yamaguchi, A., T. Ikeda & K. Hirakawa 1999. Diel vertical
migration, population structure and life cycle of the cala-
noid Scolecithricella minor (Calanoida: Scolecitrichidae) in
Toyama Bay, southern Japan Sea. Plankton Biol. Ecol. 46:
54-61.

Yamaguchi, A, Y. Watanabe, H, Ishida, T. Harimoto, K.
Furusawa, 5. Suzuki, J. Ishizaka, T. Ikeda & M. M. Taka-
hashi 2002a. Community and trophic structures of pe-
lagic copepods down to the greater depths in the western
subarctic Pacific (WEST-COSMIC). Deep-Sea Res. I 49:
1007-1025.

Yamaguchi, A, Y. Watanabe, H. Ishida, T. Harimoto, K.
Furusawa, S. Suzuki, J. Ishizaka, T. Ikeda & M. M. Taka-
hashi 2002b. Structure and size distribution of plankton
communities down to the greater depths in the western
North Pacific Ocean. Deep-Sea Res. II 49: 5513-5529.

20036 H 1 03ft, 200356 H 27 HZH



