#DBFFE (Oceanography in Japan), 16 (2), 129 -

— 2006 EFEBXBIEFES

BHERERESH

-

142, 2007

K FEFEOH « REBIZDHT D770 M EYD
A RRF RIS

g et

L3

R R EEOHEBESER NS BRI B IS4 BAIZB T,
SETS T NoGEBONRL I RABRL N

EEWEISEIIZ Lo TRERY,

=
=]

K¥E 5,800 m IZFE TH &
Uleo BREEHMICHE D NA A~ ADHE

COEFESTEHOXRREBIIERTL2b0EEX O

7o BEFRTIIZMBEY TS 7 b EERNEL, HAEBR CIIRBERENI T

V7 LEMaE TS 7 b D EEERE NS T,

BEFIRIZ BT 2 EHEHFEHETH

AAT VROEBFRIFMERAENAEL T, RABOEH CHESEEZL TEASITLT
WO IZER, BOF - WM A T VENRBENEERE TIIRVBIZOML, BEICE

IMEBBIEZT LI LEHLMNT

OEIMZIBERLEZbDEEZ LN,

Lz, £t - EEMEOAEEOFAERSIIERETT
WSS 7 NI A—20bsRBBICEFHLTEY,

THIRED b DI 7 Hk &

P AE R E RO SKIELZBL T, WA T

BIIEBIRFRIRED RUEHET S LHEINTL,

F——K . EE 9SS N, WA TV, EMEL T, BEEN

1. [FC®IC

WEEELY, FOAEMKSEEICLY, FE (0~200 m),
H/& (200~1,000 m), ﬁm&ﬁ@(me~4@m)my R
& (4,000 m~7,000 m) & X OBFEEE (>7,000 m)
AT O TWET, BERET, KE 1,000 m LR

DOEFFTIIEFE T 88%, KRBT 5% L& HHTWET,
7K 200 m LR O IIEAE T 92%, AT 99%IZ
L Ed, BEDTVERZTHZ LBV EFA
N, REEZZIIHIK EOAEME D S HE L IEKRFRE
EEDTVET,

9, BB LS T TV N UOHIROBES & fEIC

* 2006410 A 17 B % #];
EEHE . BARMREESR, 2007

AL E R ERF K ER R RS A N 5
T 041-8611 L& A AT 3-1-1

e-mail address: a-yama@fish.hokudai.ac.jp

2006610 A 25 B = #&

RYVES>THET, 1950 FERETOF ¥ Lo Py —iiife
REZ Ko TH LN ERIBEMIZET 5 ML, Mar-
shall (1954) D% [Aspects of Deep Sea Biology| iZ
FLOLNTWET, —FH, e T OREMET v

I K HRIBIRAEDRERIZ, Vinogradov (1968) 12X 5
K# [Vertical Distribution of the Oceanic Zooplank-
WZELDHOLNTWET, BARTOFEREIT 1960
FERIZEIT 5 Japanese Expedition of Deep Seas, B
JEDS I2 &5 TBARBHE] ST onEd. 1970
FERITITFFRPFEF TR O BB £ 2 REHAE
dH Y, 1980 FERUTITKETBIERIZ & 2 i EFEE
WMEBTRRE N HVET, LrL, TNOHHRDOE
UL, BEFEOHEHE (AT VHE, YA EST
HRL), bLiIRy NEWTT T PR F TR
ETbLOTHY, HEBEOHENLREIZET

ton]



130 1T =l

Biomass (mg C m3)

104 103 102 10 1 10' 10% 10°

1000 ] (a)

Depth (m)

6000 -

O 44°N
o 39°N (1997)
& 39°N (2001)
a 30°N (1999)
4 30°N (2000)
o 25°N

Fig. 1. Vertical distribution of plankton biomass at four stations in the western North Pacific Ocean.
(a): heterotrophic bacteria, (b): phytoplankton, (c): protozooplankton, (d): metazooplankton.
Regression lines fitted by eye are superimposed for each panel (modified from Yamaguchi et al., 2004a).
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Table 1.

Summary of biomass decreasing rate (b) with depth for planktonic taxa.

Regression statistics: B=Bio[Z/100] ", where B, Bioo and Z are biomass in mg C m™2, biomass at 100
m, and depth in m. In this calculation, B shallower than 100 m depth was omitted. All the regressions are
highly significant (p<0.0001) (after Yamaguchi et al., 2004a).

Taxa n Slope (b) 95% CI ™

H. Bacteria 88  0.627 (0.712~0.541)  0.71
Phytoplankton 88 1.204  (1.363~1.044) 0.72
Protozooplankton 88  0.651 (0.731~0.570) 0.75
Metazooplankton 87 1.613 (1.950~1.275) 0.51
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Fig. 2. Vertical distribution of total plankton biomass and its major taxonomic composition at four stations

in the western North Pacific Ocean. (a): 44°N, (b): 39°N (1997), (c): 39°N (2001), (d): 30°N (1999), (e):
30°N (2000), (f): 25°N (modified from Yamaguchi et al., 2004a).
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Fig. 3. Water-column integrated biomasses of phy-
toplankton and heterotrophic bacteria and taxo-
nomic compositions of phytoplankton at each sam-
pling station. AMF: autotrophic microflagellates,
A.: autotrophic (after Yamaguchi et al., 2004a).
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Fig. 4. Vertical distribution of protozooplankton biomass and its taxonomic composition at four stations in
the western North Pacific Ocean. HMF: heterotrophic microflagellates, H.: heterotrophic. (a): 44°N,
(b): 39°N (1997), (c): 39°N (2001), (d): 30°N (1999), (e): 30°N (2000), (f): 25°N (modified from Yamaguchi

et al., 2004a).
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Fig. 5. Vertical distribution of metazooplankton biomass and its taxonomic composition at four stations in
the western North Pacific Ocean. (a): 44°N day, (b): 44°N night, (c): 39°N (1997) day, (d): 39°N (2001)
day, (e): 39°N (2001) night, (f): 30°N (1999) day, (g): 30°N (1999) night, (h): 30°N (2000) day, (i): 30°N

(2000) night, (j): 25°N day, (k): 25°N night.
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Fig. 6. Vertical distribution of the number of genera and species of calanoid copepods at Sta. KNOT in the
western subarctic Pacific Ocean (left), species diversity indices (H’) based on their abundance and biomass
data (middle), and similarity indices clustered by Mountford’s method (right). Dashed lines in right panels
indicate approximate depths where the copepod community structure varied (modified from Yamaguchi et

al., 2002b).
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Fig. 7. Total lengths (upper left), pictures of cutting blade of Mandible (lower left), and vertical distributions
(right) of four Metridia species: M. pacifica, M. okhotensis, M. asymmetrica and M. curticauda, at Sta.
KNOT in the western subarctic Pacific Ocean, 19~21 August 1998. Open and solid histograms indicate day

and night data, respectively.
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Fig. 8. Ontogenetic changes in the vertical distribution patterns (Dsoy) of Paraeuchaeta elongata, P. biros-
trata, P. rubra, Gaetanus variabilis, and Metridia asymmetrica at Sta. KNOT in the western subarctic
Pacific Ocean, 19~21 August 1998. F: female, M: male. Dso%: the depth at where the 50% of population

resided.
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Gaetanus variabilis. Picture of adult females (upper left), day and night vertical distribution at

Site H in the western subarctic Pacific Ocean during 5 October 1997 (lower left), and seasonal changes in
Chl.a, numerical abundance of each copepodite stage (C1-C3), and composition of C4, C5, and C6 in the
total female and male populations (integrated over 0~2,000 m) (right). The estimated spawning season is
denoted by the horizontal bar at the bottom of the figure; the horizontal broken line in the C1-C3 panel
denotes annual mean abundance. Arrows show estimated developmental sequences of cohorts (modified from

Yamaguchi and Ikeda, 2000).
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Fig. 10. Schematic diagram showing particulate

carbon flux (mg C m~2 d~!) in the 0~4,000 m wa-
ter column via eight depth strata at Sta. KNOT
in the western subarctic Pacific Ocean (left) and
the percentages of copepod-consumed particulate
carbon flux (right). Broken line indicates mean

value (modified from Yamaguchi et al., 2002b).
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Structure and Function of Plankton Communities down to the
Greater Depths in the Western North Pacific Ocean

Atsushi Yamaguchi '

Abstract

Vertical profiles down to the greater depths (0~5,800 m) of the plankton
community structure composed of heterotrophic bacteria, phytoplankton, pro-
tozooplankton and metazooplankton were studied at four stations (44°N, 155°E;
39°N, 147°E; 30°N, 147°E; 25°N, 137°E) in the western North Pacific Ocean.
The biomass of all four taxonomic groups decreased rapidly with increasing
depths at all stations, although the magnitude of depth-related decrease differed
among the groups. As major elements of plankton community structure, meta-
zooplankton and heterotrophic bacteria dominated at 44°N and 39°N, whereas
heterotrophic bacteria and protozooplankton dominated at 30°N and 25°N.
Because copepods are a dominant component of metazooplankton, ecological
characteristics of some calanoid copepods were studied in detail. The vertical
distribution ranges of congeneric species of copepods never overlapped, which
suggests that feeding modes of congeners are similar, and that vertical parti-
tioning of habitats of closely related species is advantageous to reduce feeding
competition between the species. The ontogenetic vertical migration patterns of
meso- and bathypelagic copepods were characterized by developmental ascent,
which is advantageous to reduce predation mortality in early life stages at depth.
Life cycle timing of mesopelagic copepods was synchronized with phytoplankton
blooms. Deep-sea particulate feeders are directly dependent on sinking particles
from the euphotic zone, and my calculation suggests that 32% of POC flux was
consumed by the copepods distributed below the euphotic zone.
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